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Abstract: Therapeutic percutaneous coronary intervention (PCI) is the treatment of choice in acute
myocardial infarction (AMI). If optimally performed, PCI reduces myocardial injury and improves the
likelihood of a positive clinical outcome. Therefore, the equal quality of PCI throughout both day and
night shifts is of paramount importance. Our aim was to compare urgent diagnostic and therapeutic
coronary interventions performed during day and night shifts. We retrospectively analyzed the
medical records of 144 patients who underwent coronary angiography for AMI over six months
in a tertiary referral center working in 24/7 mode. The patients’ characteristics, procedural data
and the operator’s experience in interventional cardiology were compared according to the time
of intervention during a day shift (8 a.m. until 8 p.m., group A, n = 106) and night shift (from
8 p.m. until 8 a.m. next day, group B, n = 36). The baseline characteristics of the subjects of
groups A and B were similar, except for a higher proportion of AMI without persistent ST-segment
elevation (NSTEMI) in patients who underwent coronary angiography during regular working hours
compared to off-hours (58% vs. 34%, p < 0.05). The average time of diagnostic coronary angiography
was longer by about 5 min during the day shift (28.5 ± 12.2 vs. 23.8 ± 8.9 min, p < 0.05), while
other procedural data, including the arterial access route, the number of catheters needed and the
contrast-medium volume, were similar. The use of additional diagnostic tools for coronary lesion
assessment (intracoronary ultrasound or fractional flow reserve measurement) was almost twice
as frequent during regular working hours (15% vs. 8%). Urgent therapeutic PCI on the culprit
artery was performed in 79% and 89% of group A and B patients, respectively. The groups did
not differ in procedural characteristics regarding the total interventional session, including both
diagnostic angiography and therapeutic PCI, such as total procedure duration, fluoroscopy time,
radiation dose, stenting technique and total stent length. Coronary thrombectomy or rotational
atherectomy were more frequently used in group A (27% vs. 15%, p = 0.16). The percentage of
doctors with the least experience in interventional cardiology was, albeit insignificantly, lower during
day shifts (31% vs. 42%). In conclusion, the majority of clinical and periprocedural characteristics
appeared to be independent of intervention time, except for a longer duration of diagnostic coronary
angiography during daytime. This finding could probably result from a higher proportion of NSTEMI
patients frequently requiring additional angiographic projections and special techniques to properly
identify the infarct-related artery during the day shift. Whether a tendency of less frequent use of
additional tools at off-hours may also be due to a lower percentage of NSTEMI interventions at night,
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or whether this can be linked to lower availability of experienced operators, remains to be validated
in a large study. The latter possibility, if confirmed, might encourage public health authorities
and healthcare organizers to improve off-hours cathlab staffing with experienced interventionalists.
Finally, additional obligatory training in special diagnostic and therapeutic invasive techniques might
be advisable for the least experienced operators scheduled to work night shifts.

Keywords: acute myocardial infarction; percutaneous coronary intervention; procedural
characteristics; off-hours intervention; night-time shift; operators’ expertise

1. Introduction

Therapeutic percutaneous coronary intervention (PCI) is the treatment of choice in patients with
acute myocardial infarction (AMI) [1,2]. The benefits of PCI increase in correlation with the brevity
of the time from symptom onset to opening of the infarct-related artery [3]. If optimally performed,
PCI reduces myocardial injury and improves the likelihood of a positive clinical outcome [1,2].
Therefore, the equal quality of PCI throughout both day and night shifts is of paramount importance.

There are conflicting data on the short-term efficacy and long-term effects of therapeutic PCI
performed outside of regular working hours [4–11]. Some reports suggest that off-hours coronary
interventions (at night time and on weekends) could be linked to a lower acute procedural success rate
and an excessive risk of complications, which may adversely affect further clinical outcomes [5,8,10,11].
However, no effects regarding the time of intervention were found in other studies [6,7,9]. According
to a meta-analysis [4], short-term mortality was higher after off-hours PCI for AMI with persistent
ST-segment-elevation (STEMI), which was more pronounced in non-North American studies.

Several factors can influence PCI characteristics according to the time of intervention, including
distinct patients’ clinical profiles, operators’ experience and technical procedural factors [4,8,10].
Our aim was to compare the patient-related, operator-dependent and technical characteristics of
invasive coronary procedures (both diagnostic and therapeutic) performed for AMI during day and
night shifts in a cathlab operating in 24/7 mode.

2. Materials and Methods

We retrospectively analyzed the in-hospital medical records of 144 AMI patients urgently referred
over six months to a cathlab operating in 24/7 mode. Final diagnoses of AMI were based on the
established criteria [1,2]. Patients were divided into two groups according to the time of coronary
intervention. Group A (n = 106) encompassed AMI subjects undergoing coronary intervention during
the day shift (from 8 a.m. until 8 p.m., i.e., regular working hours), whereas group B included patients
(n = 38) operated on during the night shift (from 8 p.m. until 8 a.m. the next day).

Patients’ characteristics and periprocedural data were retrospectively collected by chart review.
Periprocedural data included vascular access, time of procedure, contrast-medium volume, radiation
dose, number of diagnostic and therapeutic catheters, number and length of stents and the use
of special tools and techniques, i.e., intracoronary ultrasound (ICUS), fractional flow reserve (FFR)
assessment, thrombectomy and rotational atherectomy. Clinical decisions following diagnostic coronary
angiography were also recorded, i.e., urgent PCI, coronary artery bypass grafting (CABG) and optimal
medical therapy (OMT). Operators who performed coronary procedures were classified into four
groups based on the extent of their experience in coronary interventions: below 5 years, 5–10 years,
10–15 years and over 15 years.

The ethical committee of our university approved the protocol, including the fact that the patients’
informed consent was not sought, owing to the retrospective design of the study (approval No.
1072.6120.85.2020 issued on 23 April 2020).
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Data are shown as means ± standard deviation (SD) or numbers (n) with proportions (%).
Intergroup comparisons were made by a 2-tailed Student’s t-test for continuous characteristics and
Fisher’s exact test (2 × 2 frequency tables) or Chi-square test for categorical data. A p-value below 0.05
was considered to be significant.

3. Results

STEMI and NSTEMI were diagnosed in 63 and 75 patients, respectively, out of 144 study subjects,
while the remaining six AMI patients had ventricular paced rhythm at admission. The time of diagnostic
angiography was longer (p < 0.05) and contrast-medium volume higher (p < 0.01) in NSTEMI patients
in comparison to STEMI subjects.

The baseline characteristics of group A and B subjects were similar, except for a higher proportion
of NSTEMI during the day compared to night shift (58% vs. 34%, p < 0.05) (Table 1). The distribution
of significant coronary lesions was also comparable across the groups (Table 1).

Table 1. Basic patient characteristics, procedural data and operator experience.

Characteristic Day Shift
(n = 106)

Night Shift
(n = 38) p-Value

Basic patient characteristics
Gender, men/women, n (%) 74/32 (70/30) 24/14 (63/37) 0.5
Age, years 69 ± 12 68 ± 11 0.7
Diagnosis, STEMI/NSTEMI, n (%) 42/62 (40/58) 21/13 (55/34) 0.046
Need of inotropes or vasopressors, n (%) 12 (11) 5 (13) 0.8

Arterial access route
Initial access site, RRA/LRA/FA, n (%) 84/7/15 (79/7/14) 32/4/2 (84/11/5) 0.3
Change of access site, n (%) 10 (9) 2 (5) 0.7

Diagnostic coronary angiography
Duration, min 28.5 ± 12.2 23.8 ± 8.9 0.03
Contrast-medium volume, mL 78 ± 27 70 ± 26 0.12
Number of catheters used 1.6 ± 0.6 1.6 ± 0.6 0.9
Additional diagnostic tools (ICUS or FFR), n (%) 16 (15) 3 (8) 0.4

Treatment strategy, PCI/CABG/OMT 84/5/17 (79/5/16) 34/1/3 (89/3/8) 0.4
Distribution of significant coronary lesions 0.9

Left main coronary artery, n (%) 12 (11) 4 (10)
Left anterior descending artery, n (%) 62 (58) 25 (66)
Left circumflex coronary artery, n (%) 42 (40) 13 (34)
Right coronary artery, n (%) 51 (48) 20 (53)

Operator expertise (years of experience in
interventional cardiology) 0.7

<5 years, n (%) 33 (31) 16 (42)
5-10 years, n (%) 35 (33) 10 (26)
10-15 years, n (%) 11 (10) 4 (11)
>5 years, n (%) 27 (25) 8 (21)

Data are shown as mean ± SD or numbers (%). CABG: coronary artery bypass grafting; FA: femoral artery;
FFR: fractional flow reserve; ICUS: intracoronary ultrasound; LRA: left radial artery; NS: nonsignificant;
NSTEMI: myocardial infarction without persistent ST-segment elevation; OMT: optimal medical therapy; PCI:
urgent percutaneous coronary intervention on the culprit artery; RRA: right radial artery; STEMI: myocardial
infarction with persistent ST-segment elevation.

The average time of diagnostic coronary angiography was longer by about 5 min during the
day shift (p < 0.05), while other procedural data, including the arterial access route, the number of
catheters needed and the contrast-medium volume were similar. The use of additional diagnostic tools
for coronary lesion assessments (ICUS or FFR measurement) was almost twice as frequent during the
day shift (15% vs. 8%). Nonetheless, the intershift difference did not reach the assumed statistical
significance (Table 1).

Urgent therapeutic PCI on the infarct-related artery was performed in 84 (79%) and 34 (89%)
patients from groups A and B, respectively. The groups did not differ in procedural characteristics
regarding the total interventional session, including both diagnostic angiography and therapeutic
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PCI, such as total procedure duration, fluoroscopy time and radiation dose. In addition, the rate
of stenting, stenting technique, the number of stents and total stent length were also comparable
(Table 2). However, coronary thrombectomy tended to be more frequent in group A (25% vs. 15%),
while rotational atherectomy due to severe calcifications was applied only in two group A subjects
(Table 2). In sum, these special therapeutic techniques were used almost twice more frequently in
group A compared to group B patients (27% vs. 15%, p = 0.16).

Table 2. Procedural characteristics of patients undergoing PCI for AMI.

Characteristic Day Shift
(n = 84)

Night Shift
(n = 34) p-Value

Total procedural session (both angiography
and PCI)

Procedure duration, min 69.8 ± 28.6 62.5 ± 26.3 0.2
Time of fluoroscopy, min 14.0 ± 9.4 14.1 ± 10.0 0.9
Radiation dose, Gy 0.7 ± 0.6 0.8 ± 0.6 0.4
Contrast-medium volume, mL 168 ± 77 167 ± 66 0.9

Therapeutic PCI on the culprit artery
Stent implantation, n (%) 70 (84) 31 (91) 0.4
Direct stenting, n (%) 7 (8) 5 (15) 0.3
Lesion pre-dilatation, n (%) 59 (70) 26 (76) 0.4
Stent post-dilatation with a

noncompliant 50 (60) 25 (74) 0.2
balloon, n (%)
Number of stents, n 1.4 ± 0.7 1.4 ± 0.8 0.9
Total stent length, mm 32 ± 22 31 ± 18 0.8
Coronary thrombectomy, n (%) 21 (25) 5 (15) 0.3
Rotational atherectomy, n (%) 2 (2) 0 (0) 1

Data are shown as mean ± SD or numbers (%). AMI: acute myocardial infarction; PCI: percutaneous
coronary intervention.

There were no significant intergroup differences in operator expertise; however, the percentage
of doctors with the least experience in interventional cardiology was lower, albeit insignificantly,
during day shifts (31% vs. 42%) (Table 1). Increased operator experience in invasive cardiology (>10
years) tended to be associated with a shorter duration of diagnostic or therapeutic interventions,
irrespective of AMI type or procedure time (day or night shift) (p = 0.15).

4. Discussion

Our study highlights a longer average duration of diagnostic coronary angiography during the
day shift compared to the night shift. This finding may be due to a higher proportion of NSTEMI
patients in regular working hours, because more time and additional angiographic projections are
usually required to identify the culprit vessel in NSTEMI subjects presenting without ST-segment
elevations typical for the infarct-related artery. Indeed, the angiography time and contrast-medium
volume were increased in our NSTEMI patients compared to STEMI subjects.

However, the duration of the total procedural session, including both diagnostic angiography
and therapeutic PCI, total fluoroscopy time or radiation doses were similar during day and night
shifts. Notably, during day shifts, the percentage of interventions carried out by the least experienced
operators (less than 5 years of experience in interventional cardiology) was slightly lower than at
night (31% vs. 42%). Accordingly, a greater average operator experience could contribute to the
observation that, despite a higher percentage of NSTEMI patients, longer diagnostic angiography
and more frequent use of additional tools and special techniques during day shifts, longer diagnostic
angiographies did not translate into significant intershift differences in any parameter regarding
the total interventional session. Likewise, the type of vascular access, treatment strategy, rate of
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direct stenting, lesion predilatation and stent optimization with a noncompliant balloon catheter were
comparable, regardless of intervention time.

On the other hand, it cannot be excluded that about a two-fold lower use of additional diagnostic
methods (ICUS or FFR assessment) (Table 1) and therapeutic techniques (coronary thrombectomy or
rotational atherectomy) (Table 2) during off-hours might be due not to a lower percentage of NSTEMI
interventions at night, but rather, to the reduced availability of experienced operators. The latter
observation, if confirmed by a large study, might require coordinated administrative and organizational
efforts to improve off-hour cathlab staffing with experienced invasive cardiologists. It might also be
proposed that mandatory training in the use of special techniques, like ICUS, FFR, thrombectomy and
rotational atherectomy, might be advisable for the least experienced operators before their first night
shift in the cathlab.

In general, the number of AMI patients who undergo urgent coronary intervention is higher
during regular hours [5,6,8], which appears secondary to a circadian variation of symptom onset [11],
but may also be enhanced by better availability of cathlabs and skilled operators during the day shift.
Also, interventions are frequently delayed until morning in NSTEMI patients admitted at night with
less pronounced symptoms, only slightly elevated troponin levels and a potential alternative diagnosis,
which appears to be a likely basis for the higher proportion of NSTEMI subjects being treated during
the day shift in our study group.

Nevertheless, patients presenting out of hours could have more severe clinical symptoms
and increased prevalence of multivessel coronary artery disease (CAD) [8] compared to those
presenting during routine duty hours, which may explain the elevated short-term risk of adverse CV
events [4,5,8,10,11], in addition to longer door-to-balloon time in some studies [4,10]. However, in our
hands, the angiographic CAD extent and the number and total length of stents were similar for urgent
interventions performed during the day and at night. Additionally, hypotension associated with the
need for inotropes or vasopressors was observed in a similar proportion of patients, irrespective of
intervention time (Table 1).

Our study was limited by the small number of the subjects and the retrospective single-center
design. Importantly, clinical and procedural data were limited to those available in the cathlab
medical records. In addition, we defined off-hour interventions as those performed during night
shifts, regardless of whether these fell on a weekday or at the weekend. In contrast, in the majority
of studies, all weekend interventions were also referred to as occurring outside regular hours [4].
However, in a preliminary analysis of data from our regional hospital network, we observed intershift
differences in the same direction in most analyzed parameters for PCI performed at weekends and on
regular weekdays.

5. Conclusions

The majority of clinical and periprocedural characteristics appear to be independent of the
intervention time, except for a longer duration of diagnostic coronary angiography during day shifts.
This observation probably results from a higher proportion of NSTEMI patients during the day shift
frequently requiring additional angiographic projections and additional diagnostic tools to properly
identify the culprit artery. Whether the tendency of less frequent use of additional diagnostic and
therapeutic techniques at off-hours may also be due to a lower percentage of NSTEMI interventions at
night, or may be linked to the reduced availability of experienced operators, remains to be validated
in a larger study. The latter possibility, if confirmed, might encourage public health authorities and
healthcare organizers to improve off-hour cathlab staffing with experienced interventionalists. Finally,
additional obligatory training in special diagnostic and therapeutic invasive techniques might be
advisable for the least experienced operators scheduled to work night shifts.

Author Contributions: Conceptualization and Methodology, M.C., A.S., Ł.R., T.G. and O.S.; Formal Analysis,
T.G., O.S., M.C. and A.S.; Data Curation, T.G., M.C. and A.S.; Investigation, T.G. and O.S.; Resources, Supervision
and Project Administration, M.C., Ł.R., A.S. and S.B.; Visualization: T.G., O.S. and A.S.; Writing—Original



Int. J. Environ. Res. Public Health 2020, 17, 5378 6 of 6

Draft Preparation, T.G., M.C., O.S. and A.S.; Writing—Review and Editing: M.C., A.S., T.G., O.S., Ł.R. and S.B.
All authors approved the final version of the manuscript.

Funding: The APC was funded by the Jagiellonian University Medical College (Cracow, Poland) (grant No.
N41/DBS/000467 to M.C.).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ibanez, B.; James, S.; Agewall, S.; Antunes, M.J.; Bucciarelli-Ducci, C.; Bueno, H.; Caforio, A.L.P.; Crea, F.;
Goudevenos, J.A.; Halvorsen, S.; et al. ESC Scientific Document Group. 2017 ESC Guidelines for the
management of acute myocardial infarction in patients presenting with ST-segment elevation: The Task
Force for the management of acute myocardial infarction in patients presenting with ST-segment elevation of
the European Society of Cardiology (ESC). Eur. Heart J. 2018, 39, 119–177. [PubMed]

2. Neumann, F.J.; Sousa-Uva, M.; Ahlsson, A.; Alfonso, F.; Banning, A.P.; Benedetto, U.; Byrne, R.A.; Collet, J.P.;
Falk, V.; Head, S.J.; et al. ESC Scientific Document Group. 2018 ESC/EACTS Guidelines on myocardial
revascularization: The Task Force on myocardial revascularization of the European Society of Cardiology
(ESC) and European Association for Cardio-Thoracic Surgery (EACTS). Eur. Heart J. 2019, 40, 87–165.
[CrossRef] [PubMed]

3. De Luca, G.; van ‘t Hof, A.W.; de Boer, M.J.; Ottervanger, J.P.; Hoorntje, J.C.; Gosselink, A.T.; Dambrink, J.H.;
Zijlstra, F.; Suryapranata, H. Time-to-treatment significantly affects the extent of ST-segment resolution and
myocardial blush in patients with acute myocardial infarction treated by primary angioplasty. Eur. Heart J.
2004, 25, 1009–1013. [CrossRef] [PubMed]

4. Sorita, A.; Ahmed, A.; Starr, S.R.; Thompson, K.M.; Reed, D.A.; Prokop, L.; Shah, N.D.; Murad, M.H.;
Ting, H.H. Off-hour presentation and outcomes in patients with acute myocardial infarction: Systematic
review and meta-analysis. BMJ 2014, 348, f7393. [CrossRef] [PubMed]

5. Assali, A.R.; Brosh, D.; Vaknin-Assa, H.; Fuchs, S.; Teplitsky, I.; Sela, O.; Kornowski, R. The impact of
circadian variation on outcomes in emergency acute anterior myocardial infarction percutaneous coronary
intervention. Catheter. Cardiovasc. Interv. 2006, 67, 221–226. [CrossRef] [PubMed]

6. Ullah, W.; Cheema, M.A.; Abdullah, H.M.A.; Roomi, S.; Saeed, R.; Balaratna, A. ST-Segment elevation
myocardial infarction alert during the night shift, A misfortune for the patient or an overstatement?
Cardiol. Res. 2019, 10, 150–156. [CrossRef] [PubMed]

7. Rathod, K.S.; Jones, D.A.; Gallagher, S.M.; Bromage, D.I.; Whitbread, M.; Archbold, A.R.; Jain, A.K.; Mathur, A.;
Wragg, A.; Knight, C.J. Out-of-hours primary percutaneous coronary intervention for ST-elevation myocardial
infarction is not associated with excess mortality: A study of 3347 patients treated in an integrated cardiac
network. BMJ Open 2013, 3, e003063. [CrossRef] [PubMed]

8. Glaser, R.; Naidu, S.S.; Selzer, F.; Jacobs, A.K.; Laskey, W.K.; Srinivas, V.S.; Slater, J.N.; Wilensky, R.L.
Factors associated with poorer prognosis for patients undergoing primary percutaneous coronary intervention
during off-hours: Biology or systems failure? JACC Cardiovasc. Interv. 2008, 1, 681–688. [CrossRef] [PubMed]

9. Tscharre, M.; Jäger, B.; Farhan, S.; Christ, G.; Schreiber, W.; Weidinger, F.; Stefenelli, T.; Delle-Karth, G.;
Kaff, A.; for the Vienna STEMI Registry Group; et al. Impact of time of admission on short- and long-term
mortality in the Vienna STEMI registry. Int. J. Cardiol. 2017, 244, 1–6. [CrossRef] [PubMed]

10. Magid, D.J.; Wang, Y.; Herrin, J.; McNamara, R.L.; Bradley, E.H.; Curtis, J.P.; Pollack, C.V.; French, W.J.;
Blaney, M.E.; Krumholz, H.M. Relationship between time of day, day of week, timeliness of reperfusion,
and in-hospital mortality for patients with acute ST-segment elevation myocardial infarction. JAMA 2005,
294, 803–812. [CrossRef] [PubMed]

11. Henriques, J.P.S.; Haasdijk, A.P.; Zijlstra, F.; on behalf of the Zwolle Myocardial Infarction Study Group.
Outcome of primary angioplasty for acute myocardial infarction during routine duty hours versus during
off-hours. J. Am. Coll. Cardiol. 2003, 41, 2138–2142. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://www.ncbi.nlm.nih.gov/pubmed/28886621
http://dx.doi.org/10.1093/eurheartj/ehy394
http://www.ncbi.nlm.nih.gov/pubmed/30165437
http://dx.doi.org/10.1016/j.ehj.2004.03.021
http://www.ncbi.nlm.nih.gov/pubmed/15191770
http://dx.doi.org/10.1136/bmj.f7393
http://www.ncbi.nlm.nih.gov/pubmed/24452368
http://dx.doi.org/10.1002/ccd.20608
http://www.ncbi.nlm.nih.gov/pubmed/16404750
http://dx.doi.org/10.14740/cr862
http://www.ncbi.nlm.nih.gov/pubmed/31236177
http://dx.doi.org/10.1136/bmjopen-2013-003063
http://www.ncbi.nlm.nih.gov/pubmed/23811175
http://dx.doi.org/10.1016/j.jcin.2008.08.020
http://www.ncbi.nlm.nih.gov/pubmed/19463384
http://dx.doi.org/10.1016/j.ijcard.2017.03.029
http://www.ncbi.nlm.nih.gov/pubmed/28784440
http://dx.doi.org/10.1001/jama.294.7.803
http://www.ncbi.nlm.nih.gov/pubmed/16106005
http://dx.doi.org/10.1016/S0735-1097(03)00461-3
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

