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Abstract

OBJECTIVES: Unanticipated cancellation of a surgical procedure is a common problem, causing distress to the patient and increases in
healthcare costs. However, limited evidence exists on the effects of last-minute cancellations of cardiothoracic surgical procedures in par-
ticular. The goal of this study was to gain insight into the prevalence of and the reasons for last-minute cancellations and to examine
whether cancellation is associated with adverse medical outcomes.
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METHODS: Patients who were scheduled for elective cardiothoracic surgical procedures between January 2017 and June 2019 were eval-
uated. The reasons for the cancellations were assigned to the categories medically related or process related. We examined the differences
in patient characteristics between those designated as no cancellation, medically related cancellations and process-related cancellations.
Lastly, we examined the outcomes of patients who experienced a last-minute cancellation of a scheduled operation.

RESULTS: A total of 2111 patients were included; of these, 301 (14.3%) had last-minute cancellations. In 78 (26%) cases, the cancellations
were attributable to medical reasons (e.g. infection, comorbidities); 215 (71%) of the cancellations were process related (e.g. another pa-
tient in more urgent need of surgery, lack of staff). AlImost 99% of the operations with a process-related cancellation were rescheduled
compared to only 71.8% of the medically related cancelled operations (P < 0.001). Patients with a medically related cancellation had signifi-
cantly higher 1-year mortality than patients who had no cancellation (unadjusted hazard ratio 2.50; 95% confidence interval, 1.30-4.78;
P =0.006); after adjustment for the EuroSCORE II, this effect remained significant.

CONCLUSIONS: Last-minute cancellations were commonly seen in our cohort, and the reasons for cancellation were significantly related

to adverse medical outcomes.

Keywords: Last-minute cancellation + Same day cancellation « Postponed surgery

ABBREVIATIONS

AVR Aortic valve replacement

CABG  Coronary artery bypass grafting

cl Confidence interval

CRP C-reactive protein

HR Hazard ratio

ICU Intensive care unit
INTRODUCTION

Unanticipated cancellation of scheduled surgery often has a
negative impact on patient experience, outcomes and healthcare
costs [1, 2]. When scheduled surgery is cancelled within 24 h be-
fore the intended start (in this article defined as a last-minute
cancellation), this event can lead to inefficient use of operating
room capacity and other resources. Therefore, last-minute can-
cellations can lead to increase of patient waiting time and further
increase of healthcare costs [3]. Also of importance, a last-minute
cancellation causes distress to patients and their relatives [4] and
has been associated with an increased risk of adverse medical
outcomes [5].

Although cancellation of scheduled surgery is common—a re-
cent study by Wong et al. [6] showed a 13.9% cancellation rate
for scheduled surgery in the UK—limited evidence exists on last-
minute cancellations of cardiothoracic procedures specifically.
Consequently, knowledge is limited about the incidence of last-
minute cancellations in cardiothoracic surgery and the correl-
ation between causes for cancellation and patient outcomes.

Commonly reported reasons for cancellation are infections,
change of health status and an unanticipated long preceding
case or occupation of the operating room for a more urgent op-
eration. Categories for the concept of ‘reasons for cancellation’
differ greatly in the literature [6-11]. A common theme is who
initiated the cancellation, for example, the surgeon, the patient
or the organization. Another common theme is whether it was
possibly foreseeable or not or whether the cancellation was med-
ically related or process related. A medical reason for cancella-
tion is related to the patient's condition and treatment plan.
Process-related reasons can make it impossible to perform an
operation due to lack of staff or capacity.

The purpose of this study was to examine last-minute cancella-
tions of scheduled cardiothoracic operations. Our goal was to
identify the incidence of and reasons for cancellations; to con-
struct 2 categories of cancellations: medically and process
related; and to evaluate the impact of the last-minute cancella-
tion on medical outcome measures.

PATIENTS AND METHODS
Study design

The study was a retrospective, single-centre, observational cohort
study.

Ethical statement

The medical ethics committee of the Maastricht University
Medical Centre confirmed on 9 September 2019 that the
Medical Research Involving Human Subjects Act (WMO) did not
apply to our study (METC 2019-1081). Patient written informed
consent was waived.

Patients

Data were collected by searching the database of the cardiothor-
acic surgery department of the Maastricht University Medical
Centre in the Netherlands between 1 January 2017 and 1 June
2019. Surgical procedures other than cardiac (e.g. pulmonary,
thymus and chest wall) were excluded from the study cohort.
Patients with life-threatening conditions and in need of emer-
gency surgery (need for surgery within 24 h) were not included in
the cohort. If patients were scheduled multiple times within the
described period, only the first scheduled surgery was included.
Information on last-minute cancellations was found in the
archives of printed timetables. These timetables are printed on
the day before the scheduled surgery. When a surgical procedure
is cancelled, the secretary marks this on the printed timetable
with a short note explaining the reason for the cancellation.
Cancellations were included only for patients already admitted to
the hospital and with a cancellation within 24 h before the sched-
uled surgery. Remaining data were collected by the business
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information management team using the identification number
of the patient. Data that could not be subtracted automatically
from the database were obtained manually from the digital pa-
tient records by 2 physicians (B.S. and A.M.A.P.).

Procedures

We categorized the operations into ‘coronary surgery’ [coronary
artery bypass grafting (CABG) and off-pump coronary artery by-
pass], 'valve surgery’ [aortic valve replacement (AVR), mini-AVR,
mitral valve replacement and tricuspid valve replacement], ‘min-
imally invasive surgery’ (minimally invasive mitral valve plasty,
robot-assisted minimally invasive direct coronary artery bypass,
transcatheter aortic valve implantation and hybrid atrial fibrilla-
tion ablation) and ‘multiple procedures’ (different combined
operations, e.g. AVR and CABG or AVR and mitral valve replace-
ment; this group also includes highly complex surgical proce-
dures like thoracic aorta reconstructions). We constructed these
categories based on the logistic aspect, i.e. the duration of the
operation, the operating room capacity and the availability of the
surgeon.

Categories of cancellation

Notes about reasons for cancellation were inductively labelled by
a physician (AM.AP.) using a descriptive coding method.
Ambiguities were discussed with another physician (B.S.) to reach
consensus. Each note was assigned to a category of alike coded
reasons for cancellation. For all categories it was decided whether
the assigned reasons were medically related or process related. A
reason for cancellation was labelled as a medical cancellation
when the event was related to the patient or the treatment plan
and when it could, theoretically, be identified and modified in
advance during the preoperative work-up.

Variables and outcomes

The following variables were available to characterize the
patients: age, gender (male/female), operation category (see
above), American Society of Anesthesiology score [12],
EuroSCORE 11 [13], diabetes mellitus (yes/no), chronic obstructive
pulmonary disease (yes/no), C-reactive protein (CRP), serum cre-
atinine, haemoglobin level, referred with urgency (need for sur-
gery within 7 days) (yes/no) and referred from a secondary care
centre (yes/no).

For every cancelled procedure it was assessed whether the
procedure was rescheduled. For every rescheduled procedure,
the waiting time between cancellation and rescheduling was
evaluated.

One-year mortality was defined as death 1year after the per-
formed procedure; the initially scheduled date was the starting
point for follow-up only for patients who were not rescheduled.

Statistical analyses

First, the incidence of last-minute cancellations was reported.
The frequency of the different reasons for cancellation was
shown together with the incidence of medically and process-
related cancellations. Then, the difference in patient characteris-
tics was examined between no cancellation, medically related

cancellation and process-related cancellation. Next, the implica-
tions of last-minute cancellations were examined by looking at
several outcome measures. The percentage of rescheduled
patients and the days between the cancellation and the resched-
uled operation were compared for the medically and process-
related cancellations. The difference in mortality was assessed
among the 3 groups. Also, the correlation of 30-day and 1-year
mortality with the different reasons for cancellation was exam-
ined. In addition, this relation was assessed with an adjustment
for EuroSCORE II.

Categorical variables are shown as number (percentage) of
patients, and continuous variables are shown as median (25th-
75th percentile) or mean (standard deviation), as appropriate.
Differences in continuous variables between the normally distrib-
uted groups was analysed by the one-way analysis of variance
technique. The difference between 2 non-normally distributed
groups was analysed by the Mann-Whitney U-test and the
Kruskal-Wallis test for multiple groups. To compare differences
in categorical variables between groups when 1 or more of the
expected values was <5, the Fisher’s exact test was used; other-
wise, we used the y? test. Survival analysis was conducted using
Kaplan-Meier methods and the log-rank test. A Cox proportional
hazard model was designed to identify independent factors
affecting mortality. Statistical analyses were performed using
SPSS V.26 (IBM-SPSS Inc., Armonk, NY, USA). The significance
level was set at 0.05.

RESULTS

Between 1 January 2017 and 1 June 2019, a total of 2646 cardiac
procedures were identified. After exclusions, 2111 unique
patients were available for analysis. For 1810 patients (85.7%), the
surgery was performed without delay. For 301 patients (14.3%),
the scheduled procedure was cancelled; for 31 patients, the pro-
cedure was cancelled more than once. For 276 patients (13.1%)
the procedure was rescheduled. A flow chart of the selection
process is shown in Fig. 1.

Reasons for cancellation

After categorizing the reasons for cancellation, 78 (25.9%)
patients were identified with a medical reason for cancellation.
Process-related cancellations were responsible for 215 (71.4%) of
cases; in 8 patients the reason for the cancellation was unknown.
The medical reasons for cancellation included 6 clusters: ‘infec-
tion’ (e.g. high CRP level, pneumonia or fever), ‘change of treat-
ment plan’ (e.g. percutaneous coronary intervention instead of
bypass surgery), ‘comorbidities’ (e.g. pressure ulcers, poorly con-
trolled diabetes, delirium, anaemia or cancer), ‘erroneous con-
tinuation of anticoagulation’, ‘incomplete work-up’ (e.g.
incomplete cardiac imaging or waiting for collegial consultation)
and ‘other’ (e.g. no show or admission to another hospital). Five
process-related reasons were identified: ‘more urgent surgery of
another patient, delay of a preceding scheduled surgery, lack of
an intensive care unit (ICU) bed, lack of staff and ‘other’ (Fig. 2).

Patient characteristics

The differences in patient characteristics between no cancella-
tion, medically related cancellation and process-related
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Figure 1: Flowchart of selection process.
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Figure 2: Pie chart showing different reasons for cancelled surgical procedures. Inner circle: the main reasons for the cancellations. Outer circle: subdivision of the rea-
sons for the cancellations.
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Table 1: Patient characteristics

No cancellation Process-related Medically related P-values
(n=1810) cancellation (n=215) cancellation (n=78)
Age (years), mean (SD) 68.7 (10.6) 67.5(9.2) 71.5(8.8) 0.004
Male gender, n (%) 1258 (69.5) 158 (73.5) 47 (60.3) 0.093
Operation category, n (%) <0.001
Coronary 752 (41.5) 124 (57.7) 32 (41.0)
Valves 134 (7.4) 14.(6.5) 11 (14.1)
Minimally invasive 591(32.7) 41(19.1) 25(32.1)
Multiple 333(18.4) 36 (16.7) 10(12.8)
ASA >3, n (%) 1577/1652 (95.5) 198/215 (92.1) 68/73(93.2) 0.073
EuroSCORE II, median (IQR) 1.7 (1.1-3.1) 1.4(1.0-2.8) 2.4(1.3-49) <0.001
Diabetes mellitus, n (%) 372 (20.6) 50 (23.3) 17 (21.8) 0.650
COPD, n (%) 154 (8.5) 22(102) 11(14.1) 0171
CRP (mg/l), median (IQR) 2.0 (1.0-5.0) 4.1 (1.0-5.0) 6.0 (2.0-23.0) <0.001
Hb (mmol/l), mean (SD) 8.6 (1.0) 8.8(1.0) 8.1(1.0) <0.001
Creatinine (umol/l), median (IQR) 90.0 (77.0-106.0) 89.0 (74.0-104.0) 89.0 (73.5-101.5) 0.260
Referred with urgency, n (%) 533(29.4) 63 (29.3) 39 (50.0) <0.001
Referred from secondary care centre, n (%) 1257 (69.4) 158 (73.5) 53 (67.9) 0.445

ASA: American Society of Anesthesiology score; COPD: chronic obstructive pulmonary disorder; CRP: C-reactive protein; Hb: haemoglobin; IQR: interquartile

range; SD: standard deviation.

Table 2: Patient outcomes

No cancellation Process-related Medically related P-values

(n=1810) cancellation (n=215) cancellation (n=78)
Rescheduled, n (%) 212 (98.6) 56 (71.8) <0.001
Days till surgery, median (IQR) 5.0 (1.0-7.0) 13.0(7.0-31.0) <0.001
30-Day deaths, n (%) 41 (23) 3(1.4) 4(5.0) 0310
1-Year deaths, n (%) 98 (5.4) 7(33) 10(12.8) 0.011

IQR: interquartile range.

cancellation are shown in Table 1. The overall population is
defined by men of almost 70 years of age. In comparison to the 2
other groups, patients who had a medically related cancellation
were older, more often scheduled for valve or minimally invasive
surgery, had a higher EuroSCORE I, a higher CRP level and a
lower haemoglobin level and were more often referred with
urgency.

Implications of last-minute cancellations

Operations that were cancelled for process-related reasons were
rescheduled in 98.6% of the cases within a median of 5days.
Operations that were cancelled for medical reasons were only
rescheduled in 72% of the cases within a median of 13days
(Table 2).

During 30days of follow-up, 4 deaths (5.1%) occurred in the
medically related cancellation group and 41 (2.3%), in the no
cancellation group [unadjusted hazard ratio (HR) for the medical-
ly related cancellation group compared with the no cancellation
group, 2.34; 95% confidence interval (Cl) 0.84-6.52; P=0.105]. A
total of 3 deaths (1.4%) occurred in the process-related cancella-
tion group (unadjusted HR for the process-related cancellation
group compared with the no cancellation group 0.61, 95% ClI
0.19-1.98; P=0.412) (Tables 2 and 3).

After 1year of follow-up, 10 deaths (12.8%) occurred in the
medically related cancellation group and 98 (5.4%) in the no can-
cellation group (unadjusted HR for the medically related cancel-
lation group compared with the no cancellation group 2.50, 95%
Cl 1.30-4.78; P=0.006). In the group of patients with a medically
related cancellation the mortality of the rescheduled patients was
7.1% and in the group that was not rescheduled, it was 27.3%. A
total of 7 deaths (3.3%) occurred in the process-related cancella-
tions group (unadjusted HR for the process-related cancellation
group compared with the no cancellations group 0.60, 95% Cl
0.28-1.28; P=0.185) (Tables 2 and 3).

Figure 3 shows the survival curves up 1year from the (initial)
scheduled surgery for patients with no cancellation, a medically
related cancellation or a process-related cancellation. The Cox
proportional hazard model results showed EuroSCORE Il and
cancellation group to be independent predictors affecting sur-
vival during 1year of follow-up (Table 3). In the unadjusted
model, there is an increased risk of death in patients with a med-
ically related cancellation compared to no cancellation over
1year of follow-up. After adjustment for the EuroSCORE I, the
difference in risk of mortality between a medically related cancel-
lation and no cancellation remained statistically significant, with
a doubled risk of mortality after a medically related cancellation
compared to no cancellation (Table 3).
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Table 3: Cox proportional HR multivariable model for predictor affecting deaths

30-Day deaths

1-Year deaths

HR 95% Cl P-value HR 95% Cl P-value
Unadjusted model
Medically related cancellation versus no cancellation 2.34 0.84-6.52 0.105 2.50 1.30-4.78 0.006
Process-related cancellation versus no cancellation 0.61 0.19-1.98 0.412 0.60 0.28-1.28 0.185
EuroSCORE-adjusted model
Medically related cancellation versus no cancellation 2.00 0.70-5.47 0.201 2.16 1.12-4.14 0.021
Process-related cancellation versus no cancellation 0.67 0.21-2.20 0.518 0.64 0.30-1.39 0.262
EuroSCORE 1.09 1.06-1.12 <0.001 1.08 1.06-1.10 <0.001
Cl: confidence interval; HR: hazard ratio.
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Figure 3: Kaplan-Meier survival analysis during 1 year of follow-up from (scheduled) surgery.

DISCUSSION

The main finding of this study is that medical reasons for last-mi-
nute cancellations of cardiothoracic surgery are associated with
adverse outcomes.

In total, we found 301 (14.3%) last-minute cancellations in our
cohort of 2111 patients who were scheduled for cardiothoracic
surgery. In 26% of the cases, cancellation was due to medically
related reasons and 71% of the cancellations were attributable to
process-related reasons. These results are in line with prior data
from our department that showed that 19% of CABG procedures
were cancelled <24 h from the scheduled procedure [3] and are
similar to results of former studies examining the rate of last-mi-
nute cancellations in surgery [6, 8, 14].

We have divided reasons for last-minute cancellations into
medically related reasons and process-related reasons to be able
to examine the effect of both categories separately on patient
outcomes. The reasons assigned to one or the other category
have such different origins that the potential interventions to re-
duce the last-minute cancellations also differ. In other words,
both categories need separate understanding and strategies.

Due to their frequent occurrence, process-related cancellations
play an important role in the burden of hospital logistics and
healthcare costs. Fortunately, it appears that process-related can-
cellations are often quickly rescheduled (rescheduling occurred
in 98.6% of the cases within a median of 5days) and have no

influence on T-year mortality (3.3%). It is possible that in the case
of shortage of capacity, patients with lower urgency and lower
EuroSCORE II are cancelled more frequently (Table 1).

The high frequency of process-related cancellations empha-
sizes the need for an improved scheduling method using pa-
tient and treatment characteristics. Innovations in scheduling
may help predict the expected duration of treatment in the
operating room and length of stay in downstream depart-
ments like the ICU and the ward [15], resulting in a reduction
of capacity problems due to lack of ICU beds or overrun of a
preceding surgery.

The smaller group of medical cancellations had different pa-
tient characteristics and outcomes. We saw an important effect
on the percentage of rescheduling (only 71.8%) and on the wait-
ing time to get rescheduled (13 days). The time for rescheduling
greatly depends on the cause of the cancellation, for example, a
patient with newly diagnosed anaemia needs consultation with
another specialist and additional testing. Also, we noticed a dra-
matic effect on 1-year mortality: 12.8% died during follow-up—
twice as high compared to no cancellation, even after adjusting
for EuroSCORE 1. Factors associated with cancellation for medic-
al reasons were older age, referral with urgency, operation cat-
egory, higher EuroSCORE II, higher CRP levels and lower
haemoglobin levels. The adverse outcomes in this vulnerable
population indicate that we need to identify these patients dur-
ing the preoperative work-up period.
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Because previously published results showed that more than
50% of last-minute surgery cancellations potentially can be pre-
vented [1, 16, 17], we are currently changing our preoperative
work-up [18]. Previously, elective patients waiting for surgery in
our department were seen preoperatively at the outpatient clinic
by a cardiac surgeon, anaesthesiologist and a cardiosurgical resi-
dent. Vital signs, physical examination and some routine tests
were done, like chest X-ray, electrocardiogram and blood tests.
After assessing the operability of the patient, the type of oper-
ation was discussed with the patient and informed consent was
obtained. This preoperative work-up is changed with more ex-
tensive screenings and guidance. Before visiting the outpatient
clinic, patients are screened for modifiable risk factors for adverse
perioperative medical outcomes. This screening gives the medical
team the opportunity to discuss the best treatment strategy in a
multidisciplinary meeting [19] and make a shared decision with
the patient and relatives before the operation [20, 21]. This step
correspondents with the preoperative phase mentioned in the
phase-of-care mortality analysis to reduce mortality in cardiac
surgery [22]. In addition, patients with risk factors for adverse
medical outcomes can benefit from a prehabilitation programme
[23, 24]. Such a programme might not only reduce negative peri-
operative medical outcomes but also potentially reduce last-mi-
nute cancellations [25].

Although we did not measure patient experience after being
confronted with a last-minute cancellation, previous research
showed a negative impact on the psycho-social health status of
patients and their relatives [4]. Last-minute cancellations cause
not only disappointment but also anxiety about whether it is safe
to go home again. Guidance prior to the surgical procedure must
be paramount for these patients.

To reduce last-minute cancellations, digital interventions can
be used to prevent frequent reasons for last-minute cancellations.
Previous articles in the literature already showed that mobile
apps can inform patients about the date of surgery and other
appointments during the preoperative process, remind them to
start or stop specific medication(s) and monitor them for medical
deterioration or an emerging infection [26, 27].

Limitations

Unfortunately, because there is no uniform definition of a last-
minute cancellation or a clear construct on how to categorize
reasons for last-minute cancellations, it is difficult to compare
results among studies. We realize that the classification of reasons
is subjective, but we believe our qualitative method gives direc-
tion to a general definition and appropriate interventions.

Our study was limited by its execution as a retrospective, sin-
gle-centre study. Because of the retrospective nature of this
study, the information about the cancellations was retrieved
from printed timetables. Therefore, it was not possible to deter-
mine the reason for the cancellation in 8 patients. However, as a
large tertiary academic referral centre performing a wide range
of invasive and minimally invasive procedures, our centre is rep-
resentative of other centres performing cardiothoracic surgery.
We believe the current data provide a reason for prospective
interventional studies to improve logistic challenges in cardio-
thoracic surgery planning as well as the need to identify patients
at risk for cancellation for medical reasons. Such interventions
may improve cost efficacy and patient outcomes.

CONCLUSION

Medical reasons for last-minute cancellations in patients sched-
uled for cardiothoracic surgery are associated with a significantly
higher 1-year mortality compared with patients whose surgery
was not cancelled or whose surgery was cancelled for a process-
related reason. Systematic screening for common medical rea-
sons for last-minute cancellations might reduce these cancella-
tions and negative outcomes in patients scheduled for
cardiothoracic surgery.
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