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1. Title of paper: Does it seem like an important problem? Does it reflect the 
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2. Authors, institution and country of origin 
 
INTRODUCTION 
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2. What is the current state of knowledge of the problem studied? 
3. What is the hypothesis being tested? 
4. How does testing the hypothesis help solve the stated problem? 
 
METHODOLOGY 
 
1. Study design:   

a) Clinical trial vs. systematic review/meta-analysis 
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c) Observational vs. Experimental 
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RESULTS 
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DISCUSSION 
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Abstract

Objective: Day-of-surgery cancellations have a negative effect on 
operating room (OR) resources, as well as on patient satisfaction 
and perception of quality of care. Given increasing wait times in a 
universal healthcare system and the nature of urological surgery in 
our aging population, it should be a priority to identify modifiable 
risks of OR cancellations to assure timely and efficient delivery of 
care. We explore the rate and reasons for elective surgery cancel-
lations in a Canadian urological practice. 
Methods: We evaluated the rate and reason of urological surgery 
cancellation at a single academic institution, prospectively col-
lected in our centre’s Operating Room Scheduling Office System 
(ORSOS) database. Documented reasons for cancellations were 
divided into 3 components: (1) structural factors (e.g., no hospital 
bed); (2) patient factors (e.g., patient unwell); and (3) process fac-
tors (e.g., scheduling error). Rates and reasons for cancellations 
were compared to those of General Surgery and Gynecology. The 
documented reasons for cancellation in the ORSOS database were 
confirmed or extended by chart review and interviews with a subset 
of cancelled patients. 
Results: Between 2005 and 2009, 1544 out of 19 141 (8.07 %) 
elective surgical cases were cancelled within the three surgical 
specialties (general surgery, gynecology and urology); urology had 
the highest average rate of 9.53%. Non-oncological cases repre-
sented a higher percentage of cancelled cases (15%, p < 0.001) 
and overall rates varied significantly over time in urology compared 
to the other surgical specialties. Potentially modifiable, process-
related causes were by far the most common reason for cancella-
tion (58.5%) and “standby” cases were a common cause of overall 
cancellation rates. Patient interviews confirmed the emotional and 
financial impact of cancellation; there was no overwhelming con-
cern that clinical outcomes were negatively affected. 
Conclusions: This contemporary exploration of cancelled urologic-
al cases is consistent with previous reports, although variable over 
time and dependent on definitions used. Potentially modifiable, 
process-related factors appear to be most frequently associated with 
cancellation, although more thorough and detailed documentation 
is required to further mitigate inefficient OR use. We suggest that 

all OR cancellations should be considered to be adverse incidents 
to be monitored by institutions in a systematic fashion.

Introduction 

Surgical wait time in Canada is the most visible and yet 
contentious quality of care indicator in our universal health-
care system and is inter-related with all three components 
of Donabedian’s framework: structure, process and patient 
outcome.1-3 Despite much attention paid to pre-operative 
surgical preparation, day of surgery cancellations remain a 
major cause of inefficient use of operating room (OR) time 
and a drain on finite healthcare resources.4-6 Cancellations 
also create a financial burden for patients in addition to 
potential emotional stress and a negative impact on percep-
tion of quality of care.7-10 Monitoring cancellation rates and 
indentifying modifiable causes should be a priority for all 
stakeholders to assure the timely and efficient delivery of 
surgical care.

International studies have documented day-of-surgery 
cancellation rates as high as 13% for elective surgery and 
many jurisdictions have instituted limited interventions to 
decrease these rates,11,12 including the introduction of mon-
itoring software13 and charging patients directly for missed 
appointments.14 Targeting interventions in focused areas, 
such as manipulation of case sequence or initiating pre-
operative evaluations closer to the OR date,15,16 appear to 
be ineffective given the wide-ranging reasons for cancella-
tions. Although it is reported that most cancellations may 
be avoidable,4,6,17-19 a consistent and standardized method 
of documenting contributing factors is lacking. Although 
reasons for cancellation are generally patient- or hospital-
initiated,4,17 we have categorized these at our institution as 
structure-related (e.g., no hospital bed), patient-related (e.g., 
patient unwell) or process-related (e.g., scheduling error) 
based on Donabedian’s quality of care framework.3 

Cancellation rates vary not only between different hospital 
types and sizes,1 but also depends significantly on surgical 
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specialty and individual surgeons.4,5,19,20 Comparatively high 
cancellation rates have been reported in specific services, 
such as urology and otolaryngology,19-21 perhaps due to a 
bias of those with complex and variable case durations.20 
Given the documented increase in wait times in urology,9 
further investigation in a contemporary urological setting 
appears justified given the nature and scope of our specialty 
in an aging population. The objective of this study was to 
identify the rate and reasons for elective surgery cancella-
tions in a Canadian urological practice and to explore the 
ability of available administrative data to categorize poten-
tially modifiable factors. 

Methods 

To more fully understand our findings in the context of other 
hospitals in our region, we first compared our hospital’s 
reported cancellation rates to others contained in an admin-
istrative dataset available through Ontario’s Operating Room 
Benchmark Collaborative (ORBC) over the 12-month period 
of April 1, 2009 to March 31, 2010. The criteria used to 
compare our centre to peer hospitals included: acute teach-
ing hospital (any number of beds and ORs), academic cen-
tre, trauma centre (all levels), oncology program and open 
heart program. The ORBC data demonstrated only a slightly 
higher cancellation rate for our institution (6.6%) compared 
to that of other profile-matched Ontario hospitals (5.5%). 
Unfortunately, variations in data collection and definitions 
of reasons for cancellations, as well as a lack of case detail 
with such administrative data, make it difficult to compare 
reasons for cancellations between institutions. 

Following ethics approval from the Queen’s University 
institutional review board, our centre’s Operating Room 
Scheduling Office System (ORSOS) database was used to 
examine cancellation rates of all electively booked urologic-
al surgery over a 5-year period between January 1, 2005 
and December 31, 2009. Surgery cancellation was defined 
as any operation on the OR list, printed the day before sur-
gery, which then did not proceed. Emergency cases were 
excluded, but cases listed as “standby patient” were taken 
into account. “Standby” patients were listed by the surgical 
service if estimated time of booked cases was greater than 
time available predicted by the ORSOS system or at the dis-
cretion of the surgeon. Rates and reasons for day-of-surgery 
cancellations were also compared to those in gynecology 
and general surgery.

Explanations for cancellations are identified and coded 
by the daily operational triage nurse in the OR and docu-
mented in the ORSOS system. With the exception of holi-
days and minimal vacation and sick-days, a single charge 
nurse was responsible for codifying all surgery cancellations. 
There are 37 separate choices for coding a case cancellation 
(Appendix 1). This method of documentation was developed 

and revised in collaboration by nurses, surgeons and OR 
administration staff and has been used since 2000. In an 
attempt to confirm and further detail the cause of a particular 
cancellation, we collected data from the OR nurse triage 
notes and we performed a chart review to identify further 
information from the anesthesiologist or surgeon’s notes. 
The chart review was only feasible for the last 2 years of the 
study, between January 1, 2008 and December 31, 2009, 
when electronic scanning of documentation was introduced. 

To better appreciate potential modifiable risk factors and 
how they change over time and between specialties, we 
categorized the 37 different coded reasons for surgery can-
cellation into three groups: (1) patient-related; (2) process-
related; and (3) structure-related. Examples of patient-related 
cancellations were “patient refused/cancelled procedure” 
and “patient too ill for surgery.” Every attempt was made to 
ensure these factors were not secondary to incomplete pre-
operative preparation, which then would have been coded 
differently. Structure-related cancellations included those 
related to hospital constraints or uncontrollable factors, such 
as weather and included “crisis cancellation,” “emergency 
case inserted” and “no bed/step-down bed available.” We 
considered process-related cancellations as those which 
were due to the organization and facilitation of periopera-
tive care and scheduling, including “anesthesiologist late,” 
“incorrectly booked,” “patient not NPO,” “room running 
late” and “surgeon running late.” 

Finally, standardized phone interviews were conducted 
with cancelled urological patients booked for surgery 
between January 2009 and January 2010. Interviews were 
performed at least 5 months after cancellations to evaluate 
each patient’s experience and satisfaction with the process 
using open-ended questions and a quantitative survey. These 
closed-ended questions, each with a 5-point Likert scale, 
were developed after a literature search and consultation 
with stakeholders on the healthcare team. 

Calculations and statistics 

The surgical cancellation rate was calculated as follows: 
[number of cases cancelled] / [number of cases cancelled 
+ number of elective cases completed]. Data were pre-
sented as rates per calendar year. Descriptive statistics for 
the closed-ended questions in the patient interview were 
presented as mean ± standard deviation (SD). For ease of 
reporting, agreement scores for the closed-ended questions 
included the first and second score (strongly agree, agree) in 
the 5-point Likert scale. Inferential statistics used to compare 
cancellation rates included Student’s two-sample t-test22 for 
continuous data or Fisher’s exact test and χ2 test for dichoto-
mous data. One-way ANOVA was used to compare rates 
of cancellations over time. GraphPad Prism was used for 
statistical analysis. 
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Results 

The ORSOS database for the three surgical services (gyne-
cology, general surgery, urology) identified 19 141 booked 
elective cases, of which 1544 (8.0%) were cancelled over 
the 5-year period of time. Of the three specialties examined, 
urology had the highest 5-year average cancellation rate at 
9.5% (430/4512). Gynecology had the lowest at 6.8% and 
general surgery at 8.2% (Fig. 1a). Rates appeared to vary 
with time, especially for the urology service with a peak 
of 13.4% and its nadir at 7.3% in the most recent year; 
these fluctuations, however, were not statistically significant 
(p = 0.162, one-way ANOVA). 

Cancellation rates were dependent on the inclusion or 
exclusion of “standby” cases listed on the elective booking 
list, particularly for the urology service (Fig. 1b, p < 0.001). 
Rate of cancellation differed significantly based on surgical 
indication (Table 1). Non-oncological cases were preferen-
tially cancelled (15%) compared to genitourinary cancer 
surgery (5%). 

Causes of surgical cancelations divided into structure-, 
process- and patient-related factors are shown for each spe-
cialty over the 5-year period (Table 2). Over 5 years for all 
three specialties, structure-related causes (Fig. 2) accounted 
for 22.8% of OR cancellations, compared to only 19.6% 
of patient-related cases (Fig. 3). Structure-related cases of 

cancellations were most common in general surgery, most 
often due to a higher number of urgent cases displacing 
elective case load during the OR day. Although structure- 
and patient-related factors associated with OR cancellations 
may have been identified preoperatively or modified with 
a significant increase in resources, process-related causes 
are likely more easily targeted to affect change. We found 
that these process-related cases were by far the most com-
mon among the three specialties at 57.6% (Fig. 4), which is 
similar to other reports.20 Interestingly, the reduction in can-
cellation rates in the urology service was associated mostly 
with improvements in the process-related factors. 

Of the 50 cases cancelled in the 2009 calendar year, 
29 patients were successfully contacted and interviewed 
(58% response rate). However, 26% (13/50) of all cases had 
no updated contact information and only 16% with valid 
information were not interviewed (3 did not want to par-
ticipate and 5 were unreachable by phone). The interview 
results showed that about half of the patients contacted were 
notified of the need for cancellation less than 60 minutes 
prior to, or after, their scheduled OR time. Most interview 
respondents said they were made aware of the reason for 
the cancellation, although 4 (14%) reported no information 
was given and in another 4 (14%) cases, the reasons given 
were not corroborated by the administrative data. Out of the 
29 patients interviewed, 20 (69%) were notified in person, 

Fig. 1a. Cancellation rates for General Surgery, Gynecology and Urology services over 5-year study period (April 2005 to March 2010).
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14 by their physician and 6 by a nurse. Interview respond-
ents were modestly satisfied (3.9, mean±1.4 SD) with the 
perioperative process on the day of their cancelled cases; 
63% agreed that it was handled appropriately. Four of the 
50 patients were repeat cancellations. The average amount 
of time required to reschedule cases was 5 weeks, with 69% 
waiting less than 2 weeks. Three patients (10%) reported that 
they needed to seek medical attention in the intervening 
time; however, 23 (80%) believed their cancellation did not 
lead to any problems or a worse health outcome. Patients 
did report that the day-of-surgery cancellation did lead to a 
modest amount (2.0±1.1) of additional emotional burden; 
34% of patients said that the cancellation led to severe or 
moderate stress (4 and 5 on Likert scale). Similarly, finan-
cial burden was reported to be modest (2.0±1.3), with 20% 
reporting severe or moderate financial issues encumbered 
by the cancellation. 

Discussion

In this retrospective, contemporary series of elective surgical 
cases, overall the cancellation rate of 8.1% was lower than 
previous reports, but still represents a significant barrier to 
timely care. Of the three surgical services reviewed, urology 
had the highest rate of cancellation of 9.5% over the 5-year 
period of time; this confirms other reports that urology is 
prone to day-of-surgery cancellations.20-23 Although some 
of these reports categorized the reasons for cancellation dif-
ferently,22,23 it appears that most cancellations were likely 
also do to process-related issues. The explanations for these 
higher cancellation rates are likely multifactorial, but may 
include the variable case mix of urological practice often 
weighted to non-oncologic, non-urgent cases in an older, 
potentially more comorbid, patient population. Furthermore, 
persistent underestimation and turnover time by surgeons 
may bias against services with higher percentage shorter 
and generally stable duration of OR times.20 

The prospectively collected, administrative data on can-
celled cases in many institutions would appear to be limited 
in their ability to provide robust information to highlight 
problem areas and direct policy to reduce late surgical can-
cellations.20 Several reports categorize reasons for surgical 
cancellations from data collected within the institution to 
identify modifiable factors, although none are extensively 

Fig. 1b. Cancellation rates for General Surgery, Gynecology and Urology services over 5-year study period (April 2005 to March 2010), adjusted for 
standby patients. 

Table 1. Cancellation rates of oncology versus non-
oncology related procedures between April 2005 and 
March 2010

Oncology 
cancellation rate

Non-oncology 
cancellation rate

Cancellations/procedures 33/656 447/3007

Cancellation rate (%) 5% 15%
*Rates vary significantly (Chi-Square, p < 0.0001).



CUAJ • May-June 2013 • Volume 7, Issues 5-6 171

Surgical cancellations in urology

validated.4,17-20 In our experience, the available data allow 
some categorization of reasons for cancellations into patient-, 
structure- and process-related factors, differences of which 
were sensitive to variations over time as well as between 
surgical specialties. Our strategy of categorization is similar 
to those in other reports,18,19 and it could be useful to identify 
potentially more modifiable reasons for cancellation. 

We found that in urology, 55% of cancellations were 
secondary to process-related causes. Although this categor-
ization was retrospective and perhaps arbitrary, as most of 
the factors associated with cancellation are inter-related, 

it appeared to be sensitive to changes over time and any 
changes seen in cancellation rates in the urological ser-
vice was mostly informed by improvements in this area. For 
example, cases listed on the final OR schedule as “standby” 
were responsible for a significant number of cancelled cases. 
Internal changes to the listing and management of these 
cases over the study period affected overall cancellation 
rates in the urological service. Although targeting such 
discrete issues are helpful, tackling each problem in the 
process, beginning with the initial booking to patient notifi-
cation, is likely required to attain sustained quality improve-

Fig. 2. Percentage of patient-related causes for cancellation of surgery. Figure displays a low average patient-
related cancellation rate of about 1.8% with minimal variation between specialty and year during study period. 

Fig. 3. Percentage of structure-related causes for cancellation of surgery by specialty per year during study period. 
General surgery had the highest average structure-related reasons for cancellation of surgery at 3.2%. Structure-
related cancellations for Urology and Gynecology averaged 2% and 1.1%, respectively, during the study period. 
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ment. We strongly feel that there is potential to better monitor 
cancellations to improve OR utilization. Unfortunately, the 
available administrative data did not allow for more in-depth 
description and assessment of other process-related issues; the 
extensive chart review and patient interviews only resulted in 
further insight into reasons for cancellation in 28% of cases 
(data not shown). Chart review data were not used to change 
categorization coding when conflicting charting was found, 
however this was a rare event. We suggest that each sur-
gical cancellation should be considered an adverse incident 
with more robust, prospective data collection and frequent 
reporting given the apparent fluidity of rates over time. 

Day-of-surgery cancellations may have emotional and 
economic impacts on patients; qualitative and quantitative 
interviews from our study and results from other studies 
confirm this finding.7-10 However, it is interesting that most 
patients did not feel that the cancellation was associated 
with further health problems or a worse outcome. Specific 
areas of improvement identified from the patient interviews 
were communication between OR staff and patients, as well 
as the timing of OR rescheduling, particularly in the context 
of financial issues as well as prolonged wait times for non-
oncological urological cases. 

As with all survey studies a limitation of this data is 
selection bias. The fact that we could not reach 26% of 
patients (without valid contact information) and another 
16% (unreachable or chose not to participate) may add to 
the bias of our results. A further limitation of our study was 
the cancellation codes. They were often inadequate and 
did not account for cancellations that were multifactorial, 
nor did they identify the root cause of the cancellation. For 
example, “surgery running late” could be due to delays in 
the post-anaesthesia care unit earlier in the day. We need to 
start identifying the root causes of cancellations and docu-
ment whether they were avoidable or not. 

Conclusion 

We believe that every cancellation should be considered a 
failure of the system and, consequently, an incident report 
should be filed for each cancellation. This failure would 
require a detailed note with an explanation of the potentially 
multiple reasons for cancellation with input from multiple 
sources rather than a single code. These results would be 
reviewed by the OR manager and the key stakeholders to 
ensure constructive change occurs to reduce inefficiencies 
in the system.
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Competing interests: None declared. 

Table 2. Cancellation by service and reason between April 
2005 and March 2010

General 
surgery

Gynecology Urology Total

Patient 93 (13%) 96 (24%) 113 (26%) 302

Process 403 (57%) 249 (61%) 238 (55%) 890

Structural 213 (30%) 60 (15%) 79 (18%) 352

Total 709 405 430 1544
*Rates vary significantly (Chi-Square, p = 0.027).

Fig. 4. Percentage of process-related causes for cancellation of surgery. Figure displays large variation of 
cancellation rate due to process related causes between specialty and year during study period. Percentage of 
process-related Urology cancellation varies between 3.3 and 9.6%, averaging 6.0%. Process related cancellations for 
General Surgery and Gynecology averaged 4.7% and 4.5%, respectively, during the study period. 
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Appendix 1. Categorization of reason for cancellations of surgery into: patient-, process-, and structure-related reasons. The 
frequency of cancellation by reason over the 5 year study period has been included.

Group 1: Patient Frequency Group 2: Process Frequency Group 3: Structural Frequency
Case Aborted Post Anesthesia 1 Administration Reconciliation 1 Crisis Cancellation 27

Done previously as an 
Emergency

6 Anaesthesiologist Late 3 Emergency A Case 33

Medical reasons 4 Cancelled by Institution 3
Emergency Case inserted 
Other Service

14

Patient did not show 16 Delayed Start Time 2
Emergency Case inserted 
Same Service

153

Patient Expired 2 Incorrectly booked Surgeon Office 19 Equipment Broken 7

Patient not available 27 Insufficient Work Up 8 No Bed 49

Patient Refused Procedure 48 Moved to another date surgeon office 16 No Step down Bed 54

Patient too ill/ not fit for surgery 175 No Anesthesia Available 24 No ICU bed 8

Surgery no longer needed/
inoperable

23 Office cancelled 9 Room unavailable 5

Operating Room/PACU Staff Problems 15 Weather 2

Patient not NPO 21

Room on hold/other room running late 10

Room running late 71

Scheduling error OR office 3

Standby patient cancelled 266

Surgeon ill or not able to operate 2

Surgeon overbooked 11

Surgery running late 406

Total 302 Total 890 Total 352



Association Between Handover of Anesthesia Care
and Adverse Postoperative Outcomes Among Patients
Undergoing Major Surgery
Philip M. Jones, MD, MSc; Richard A. Cherry, MD; Britney N. Allen, MSc; Krista M. Bray Jenkyn, PhD;
Salimah Z. Shariff, PhD; Suzanne Flier, MD, MSc; Kelly N. Vogt, MD, MSc; Duminda N. Wijeysundera, MD, PhD

IMPORTANCE Handing over the care of a patient from one anesthesiologist to another occurs
during some surgeries and might increase the risk of adverse outcomes.

OBJECTIVE To assess whether complete handover of intraoperative anesthesia care is
associated with higher likelihood of mortality or major complications compared with no
handover of care.

DESIGN, SETTING, AND PARTICIPANTS A retrospective population-based cohort study
(April 1, 2009-March 31, 2015 set in the Canadian province of Ontario) of adult patients aged
18 years and older undergoing major surgeries expected to last at least 2 hours and requiring
a hospital stay of at least 1 night.

EXPOSURE Complete intraoperative handover of anesthesia care from one physician
anesthesiologist to another compared with no handover of anesthesia care.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of all-cause death,
hospital readmission, or major postoperative complications, all within 30 postoperative days.
Secondary outcomes were the individual components of the primary outcome. Inverse
probability of exposure weighting based on the propensity score was used to estimate
adjusted exposure effects.

RESULTS Of the 313 066 patients in the cohort, 56% were women; the mean (SD) age was 60
(16) years; 49% of surgeries were performed in academic centers; 72% of surgeries were
elective; and the median duration of surgery was 182 minutes (interquartile [IQR] range,
124-255). A total of 5941 (1.9%) patients underwent surgery with complete handover of
anesthesia care. The percentage of patients undergoing surgery with a handover of
anesthesiology care progressively increased each year of the study, reaching 2.9% in 2015.
In the unweighted sample, the primary outcome occurred in 44% of the complete handover
group compared with 29% of the no handover group. After adjustment, complete handovers
were statistically significantly associated with an increased risk of the primary outcome
(adjusted risk difference [aRD], 6.8% [95% CI, 4.5% to 9.1%]; P < .001), all-cause death
(aRD, 1.2% [95% CI, 0.5% to 2%]; P = .002), and major complications (aRD, 5.8% [95% CI,
3.6% to 7.9%]; P < .001), but not with hospital readmission within 30 days of surgery
(aRD, 1.2% [95% CI, −0.3% to 2.7%]; P = .11).

CONCLUSIONS AND RELEVANCE Among adults undergoing major surgery, complete handover
of intraoperative anesthesia care compared with no handover was associated with a higher
risk of adverse postoperative outcomes. These findings may support limiting complete
anesthesia handovers.

JAMA. 2018;319(2):143-153. doi:10.1001/jama.2017.20040
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H andovers of anesthesia care from one anesthesiolo-
gist to another can occur intraoperatively due to per-
sonal or professional commitments, illness, or fa-

tigue. Handovers can be temporary (initial clinician hands over
care to another clinician for a break and then returns) or com-
plete (initial clinician hands over care completely to another
clinician and is no longer available).

During handovers, the outgoing clinician must commu-
nicate important facts about the patient and the surgery to the
incoming clinician while continuing to provide patient care.
This is a potentially vulnerable time for the patient because
all information required for safe anesthesia care must be trans-
ferred between clinicians in a busy environment with many
distractions. If crucial details are omitted, the patient may be
at increased risk of adverse events. Alternatively, a suffi-
ciently rested clinician taking over for a fatigued clinician may
improve quality of care and result in fewer adverse events.

Uncertainty regarding the effect of intraoperative anes-
thesia handovers on mortality and major morbidity contin-
ues to exist. The hypothesis of this large, population-based,
multicenter observational study was that the complete intra-
operative handover of anesthesia care from one anesthesi-
ologist to another was not associated with higher mortality or
major complications up to 30 days postoperatively, relative
to the standard case of anesthesia care.

Methods
Study Design, Setting, and Data Sources
This population-based, retrospective cohort study used ad-
ministrative health care data from the Canadian province of
Ontario and followed the STROBE (strengthening the report-
ing of observational studies in epidemiology)1 and RECORD
(reporting of studies conducted using observational rou-
tinely collected health data)2 reporting guidelines. All resi-
dents of Ontario (approximately 14 million) obtain health care
services from a government-administered single-payer sys-
tem. A unique, encoded identifier permitted linkage across sev-
eral administrative databases, which were then analyzed at the
Institute for Clinical Evaluative Sciences (ICES). Data were ob-
tained from the Canadian Institute for Health Information’s
Discharge Abstract Database (CIHI-DAD; in-hospital out-
comes), the National Ambulatory Care Reporting System
(CIHI-NACRS; emergency department [ED] visits), the Same
Day Surgery Database (CIHI-SDS), the Ontario Health Insur-
ance Plan (physician billings), the Corporate Provider Data-
base (physician demographic data from Ontario’s Ministry
of Health and Long-Term Care), and the Registered Persons
Database (patient demographics and vital status). Ethics ap-
proval was granted through the Sunnybrook Health Sciences
Centre Research Ethics Board (Toronto, Ontario), which waived
the requirement for informed consent from participants.

Participants
Adult patients (≥18 years) were identified who underwent
major surgeries expected to have duration of at least 2 hours
and require postoperative admission to hospital for at least

1 night between April 1, 2009, and March 31, 2015. Major sur-
geries were targeted within the broad subgroup domains of
neurosurgery; cardiac; vascular; thoracic; and abdominal,
pelvic, and urologic surgery, as identified by surgeon experts
using Canadian Classification of Health Intervention (CCI)
codes (eTable 1 in the Supplement).

Patients having multiple surgeries within the accrual pe-
riod were only included in the cohort for their first eligible sur-
gery. Patients who had surgery within the same surgical sub-
group within the previous year were excluded to reduce the
probability of complicated surgeries requiring revision or reop-
eration soon after initial operations (patients were still in-
cluded if they had surgeries within another surgical subgroup
at any time or within the same subgroup if more than 1 year had
passed after the previous surgery). In addition, after examin-
ing the initial cohort, it was discovered that one Ontario insti-
tution systematically billed the code used to define the main
exposure in this study for an alternative purpose—specifically,
the postoperative care of patients requiring complicated care
in the postanesthetic care unit. Because it could not be posi-
tively determined which exposures were intraoperative vs post-
operative, all patients who had surgery at this institution were
excluded (Figure 1).

Exposure of Interest
The exposure of interest in this study was the complete intra-
operative handover of anesthesia care from one physician an-
esthesiologist (the primary anesthesiologist) to another physi-
cian anesthesiologist (the replacement anesthesiologist).
In Ontario, this transition is specifically captured by a unique
billing code (E005C). This code is submitted by the replace-
ment anesthesiologist and identifies a surgery in which a re-
placement anesthesiologist entirely took over a case from the
primary anesthesiologist. This billing code was expected to be
accurate since it is the only mechanism used to remunerate the
replacement anesthesiologist. Patients were considered to be
exposed to a complete handover if the code was billed on the
day of surgery or the day after surgery (to account for handovers
occurring after midnight).

Outcomes
The primary outcome was a composite3 of all-cause death, re-
admission to any hospital in the province, or major postop-
erative complications, all within 30 days of the index surgery.

Key Points
Question Is there an association between complete
intraoperative handover of anesthesia care and adverse
postoperative outcomes?

Findings In this retrospective cohort study that included 313 066
adults undergoing major surgery, complete intraoperative
handover of anesthesia care compared with no handover was
significantly associated with a higher risk of a composite of
all-cause death, hospital readmission, or major postoperative
complications over 30 days (44% vs 29%).

Meaning Complete handover of intraoperative anesthesia care
was associated with adverse postoperative outcomes.
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Secondary outcomes were the 3 separate components of the
primary outcome, the incidence of postoperative intensive care
unit (ICU) admission, hospital length of stay, and the number
of ED visits in Ontario within 90 days of the index surgery.

Major complications were defined by CCI intervention
codes, International Classification of Diseases, Tenth Revision
(ICD-10) diagnostic codes, and the Ontario Health Insurance Plan
physician billings (eTable 2 in the Supplement). Major compli-
cations were only included if they were diagnosed for the first
time postoperatively (ie, atrial fibrillation present before sur-
gery was not counted as a complication). All outcomes were
specified a priori.

Statistical Analysis
Analyses were conducted using Stata version 15. Patients in the
exposed(handover)andnonexposed(nohandover)groupswere

likely to differ systematically due to confounding by indica-
tion.Forexample, itwasprobablethathandoversoccurredmore
commonlyduringlonger-durationsurgeries.Therefore,wecon-
trolled for measured confounding using inverse probability of
exposure weighting (IPEW) based on propensity scores.4,5 The
propensity score was estimated using multivariable logistic re-
gression with receipt of a handover as the dependent variable
and covariates decided upon a priori as the independent vari-
ables (sex, age, comorbidities with a 5-year look-back window
[hypertension, coronary artery disease, congestive heart fail-
ure, peripheral vascular disease, diabetes, previous stroke or
transient ischemic attack, chronic liver disease, cancer, chronic
renal disease, and chronic obstructive pulmonary disease], du-
ration of the surgery [reported in deciles], years since medical
school graduation for the primary anesthesiologist, region
within the province, type of hospital [academic or not], whether

Figure 1. Cohort Build and Missing Data for Surgeries With Complete Handover vs No Handover

13 968 Excluded
12 832 Patients aged >105 y or  <18 y

24 Missing age or sex

848 Died on or before index date
264 Non-Ontario residents

421 051 Eligible surgeries among 363 705 unique
patients between April 1, 2009, and
March 31, 2015, reviewed  for eligibility 

48 298 Surgeries excluded
28 774 Billing code for replacement

anesthesiologist not used as
intended (1 institution)

19 524 No billing by an anesthesiologist
could be matched to the surgerya

358 785 Eligible surgeries among 315 749
unique patients reviewed

45 719 Surgeries excluded
43 036 Inclusion restricted to first

eligible procedure per patient
2683 Removed if patient had same

type of surgery within the
previous 365 d

313 066 Eligible surgeries among 313 066
unique patients included

407 083 Eligible surgeries among 353 919
unique patients reviewed

252 098 Patients included in the primary
analysis (complete case cohort)b

302 209 Patients included in subgroup analyses
 and some sensitivity analysesb

4326 Patients included in the primary
analysis (complete case cohort)b

5805 Patients included in subgroup analyses
 and some sensitivity analysesb

50 189 Missing data for years since graduation
for primary anesthesiologistb

4916 Missing data for surgery durationb

1481 Missing data for years since graduation
for primary anesthesiologistb

136 Missing data for surgery durationb

307 125 Included in the no handover group 5941 Included in the complete handover group

a Billing code for replacement
anesthesiologist not used as
intended (1 institution) refers
to 1 Ontario institution which
systematically billed the code used
to define the main exposure in this
study for an alternative purpose
(ie, the postoperative care of
patients with complicated medical
needs in the postanesthetic care
unit). Since it was not possible to
positively determine which
exposures among these patients
were intraoperative vs
postoperative, all patients who
underwent surgery at this
institution were excluded.

b To move from the complete case
cohort (256 424 patients) to the
subgroup analysis cohort (308 014
patients), 51 670 patients missing
data on years since graduation for
the primary anesthesiologist were
added to the complete case cohort,
and 80 patients were subtracted
who also had missing data on
duration of surgery.
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Table 1. Baseline Characteristics of the Patients Before and After Inverse Probability of Exposure Weightinga

Characteristic

Observed Data (N = 313 066)
Inverse Probability of Exposure-Weighted Data
(n = 256 424)b

No Handover
(n = 307 125)

Complete
Handover
(n = 5941)

Standardized
Difference (%)c

No Handover
(n = 127 569.4)

Complete
Handover
(n = 128 854.6)

Standardized
Difference (%)c

Women 171 397 (55.8) 2764 (46.5) 17.9 71 104.5 (55.7) 69 956.3 (54.3) 2.9

Age, y

Mean (SD) 59.8 (15.6) 59.9 (15.7) 0.4 59.7 (15.5) 60.2 (15.5) 3.3

Median (IQR) 61 (48 to 72) 61 (50 to 72)

Region

Metropolitan Toronto 107 800 (35.1) 2776 (46.7) 23.8 44 933.5 (35.2) 39 749.0 (30.9) −9.3

Southwestern Ontario 102 159 (33.3) 1215 (20.5) −27.1 42 154.3 (33.0) 43 384.4 (33.7) 1.3

Eastern Ontario 68 581 (22.3) 1617 (27.2) 9.1 28 672.7 (22.5) 32 758.0 (25.4) 6.9

Northern Ontario 28 585 (9.3) 333 (5.6) −13.6 11 808.9 (9.3) 12 963.2 (10.1) 2.7

Type of hospital

Academic 147 736 (48.1) 4235 (71.3)
46.5

61 620.2 (48.3) 62 155.6 (48.2)
−0.1

Nonacademic 159 389 (51.9) 1706 (28.7) 65 949.2 (51.7) 66 699.0 (51.8)

Comorbidities

Charlson Comorbidity Indexd

Mean (SD) 0.86 (1.49) 0.97 (1.63) 7.3 0.87 (1.50) 0.96 (1.57) 6.3

Median (IQR) 0 (0 to 2) 0 (0 to 2)

No. of conditions

0 125 467 (40.9) 2152 (36.2) −9.4 52 261.8 (41.0) 48 730.9 (37.8) −6.4

1 26 954 (8.8) 536 (9.0) 2.0 11 076.5 (8.7) 10 757.3 (8.4) −1.2

≥2 80 223 (26.1) 1686 (28.4) 5.8 33 471.3 (26.2) 38 447.5 (29.8) 8.0

No hospitalizations in previous 5 ye 74 481 (24.3) 1567 (26.4) 3.3 30 759.8 (24.1) 30 918.9 (24.0) −0.3

Hypertension 161 498 (52.6) 3234 (54.4) 3.6 67 014.9 (52.5) 66 066.1 (51.3) −2.5

Coronary artery disease 92 959 (30.3) 1676 (28.2) −4.7 39 038.5 (30.6) 40 440.6 (31.4) 1.7

Congestive heart failure 25 094 (8.2) 515 (8.7) 1.2 10 406.6 (8.2) 11 328.2 (8.8) 2.3

Peripheral vascular disease 5015 (1.6) 120 (2.0) 2.6 2131.5 (1.7) 2883.4 (2.2) 4.1

Diabetes 72 692 (23.7) 1453 (24.5) 1.9 29 910.9 (23.5) 30 248.4 (23.5) 0.1

Previous stroke or transient ischemic attack 8633 (2.8) 216 (3.6) 3.4 3584.6 (2.8) 3555.7 (2.8) −0.3

Chronic liver disease 15 167 (4.9) 383 (6.5) 6.1 6218.8 (4.9) 6543.0 (5.1) 0.9

Chronic kidney disease 19 797 (6.5) 469 (7.9) 6.7 8151.8 (6.4) 8843.8 (6.9) 1.9

Chronic obstructive pulmonary disease 54 776 (17.8) 1092 (18.4) 1.4 22 635.2 (17.7) 24 578.9 (19.1) 3.4

Cancer 50 434 (16.4) 1094 (18.4) 5.7 21 228.1 (16.6) 24 698.2 (19.2) 6.6

Surgery

Time since medical school graduation
for primary anesthesiologist, y

Mean (SD) 22.1 (10.6) 21.0 (10.3) −11.1 22.1 (10.6) 21.8 (10.6) −3.2

Median (IQR) 21 (13 to 30) 20 (12 to 29)

Duration of surgery, min

Mean (SD) 199.1 (116.3) 320.8 (189.5) 78.7 200.1 (119.6) 206.6 (127.8) 5.3

Median (IQR) 180 (124 to 253) 275 (190 to 410)

Elective vs urgent/emergent

Elective 222 704 (72.5) 3446 (58.0)
29.1

92 582.4 (72.6) 91 598.6 (71.1)
3.3

Urgent/emergent 84 421 (27.5) 2495 (42.0) 34 987.0 (27.4) 37 256.0 (28.9)

Neurosurgery

Brain, brain stem, spinal canal, pituitary 19 838 (6.5) 1028 (17.3) 33.0 8279.6 (6.5) 7629.2 (5.9) −2.4

Spine 33 499 (10.9) 903 (15.2) 11.5 14 008.8 (11.0) 12 541.0 (9.7) −4.1

Cardiac surgery

Coronary artery bypass grafting
and/or valve

52 444 (17.1) 761 (12.8) −11.3 21 783.8 (17.1) 22 302.3 (17.3) 0.6

Vascular surgery

Abdominal aortic 6454 (2.1) 197 (3.3) 7.5 2766.1 (2.2) 2889.8 (2.2) 0.5

(continued)
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the surgery was elective or urgent/emergent, and the type of
surgery [eTable 3 in the Supplement]). Observations were then
weighted according to the inverse of the calculated probabil-
ity of receiving the exposure that the participant actually re-
ceived and analyzed using the teffects ipw package in Stata.
Results were expressed as potential outcome means (which re-
flect the outcomes in the inverse probability of exposure-
weightedpseudosample6),adjustedriskdifferences(aRDs),and
adjusted relative risks (aRRs). The balance of covariates pre- and
postweighting was assessed using standardized differences.7

For the primary analysis, planned a priori, complete case analy-
sis was implemented when data were missing.

A priori subgroup analysis was planned for the fiscal year
of surgery, whether the surgery was elective vs urgent/emergent,
and for major surgical subgroup. Homogeneity of subgroup ef-
fects were tested via a test of interaction. Results were assessed
for robustness to analytical technique by reanalyzing the main
outcomes with the following methods: (1) multivariable logis-
tic regression; (2) a doubly robust IPEW with regression adjust-
ment model4 (using the Stata teffects ipwra package); (3) IPEW
after excluding the variable with the most missing data (years
since medical graduation for the primary anesthesiologist [for
which no administrative data were available for fiscal year 2015]);
(4) IPEW after adding calendar year of surgery as a covariate;
(5) median imputation for missing data for duration of surgery
(ie, the median duration of surgery for each surgical subtype was
imputed into each record that was missing duration of surgery
according to the type of surgery the patient underwent); and
(6) multiple imputation for missing data for surgical duration
and years since medical school graduation for the primary an-
esthesiologist (using a multivariate normal regression, iterative
Markov chain Monte Carlo method [using the Stata mi impute
mvn package and incorporating all covariates in the imputation
model including the primary outcome8] to calculate 20 multi-
ply imputed data sets). Reanalysis of the primary outcome was

performed after incorporating age and duration of surgery into
the analysis as polynomial variables. A P value of less than .05
was considered statistically significant. All hypothesis tests were
2-sided. No corrections were made for multiple comparisons,
therefore the comparisons of individual complications between
exposure groups were interpreted as exploratory analyses.

Results
Patients
This study included 313 066 patients (307 125 in the no
handover group; 5941 in the complete handover group)
(Figure 1). There were missing data for 2 variables: 51 670
(16.5%) patients were missing data on years since medical
school graduation for the primary anesthesiologist, and 5052
(1.6%) patients were missing data on the duration of surgery
(Figure 1). The total number of complete handovers for all sur-
geries (ie, not just the surgeries meeting inclusion criteria for
this cohort study) in Ontario from 2004 until 2015 increased
every year as did the yearly percentage of patients in this co-
hort whose surgery had a complete handover during the study
period (eFigure in the Supplement). Important baseline dif-
ferences between the no handover and complete handover
groups were noted on several characteristics (Table 1).

Unadjusted Main Outcomes
The primary outcome (all-cause death, hospital readmission,
or major complication within 30 days of the index surgery) oc-
curred in 90 306 (29%) of the no handover group and in 2583
(44%) of the complete handover group (risk difference [RD],
14.1% [95% CI, 12.8% to 15.3%]). Having a complete handover
was associated with worse outcomes for each component of
the primary outcome (Table 2). The mean hospital length
of stay was longer in the complete handover group as was the

Table 1. Baseline Characteristics of the Patients Before and After Inverse Probability of Exposure Weightinga (continued)

Characteristic

Observed Data (N = 313 066)
Inverse Probability of Exposure-Weighted Data
(n = 256 424)b

No Handover
(n = 307 125)

Complete
Handover
(n = 5941)

Standardized
Difference (%)c

No Handover
(n = 127 569.4)

Complete
Handover
(n = 128 854.6)

Standardized
Difference (%)c

Thoracic surgery

Lung resection 13 810 (4.5) 112 (1.9) −13.8 5624.2 (4.4) 5237.6 (4.1) −1.7

Abdominal, pelvic, and urologic surgery

Gastric, intestinal, rectal 90 059 (29.3) 1872 (31.5) 5.1 37 206.6 (29.2) 42 661.3 (33.1) 8.5

Liver resection 1731 (0.6) 85 (1.4) 9.4 706.3 (0.6) 754.9 (0.6) 0.4

Bladder 4051 (1.3) 160 (2.7) 11.0 1652.1 (1.3) 1644.7 (1.3) −0.2

Kidney, including renal transplantation 12 683 (4.1) 280 (4.7) 3.2 5276.0 (4.1) 5489.2 (4.3) 0.6

Uterus 72 556 (23.6) 543 (9.1) −39.6 30 265.9 (23.7) 27 704.6 (21.5) −5.3

Abbreviation: IQR, interquartile range.
a All values are reported as No. (%) unless otherwise specified.
b The inverse probability of exposure-weighted data represent a pseudosample

after weighting and therefore were not directly observed.6 The pseudosample
also explains the apparent fraction of patients seen after weighting.
The sample size for the inverse probability of exposure-weighted cohort
(256 424) differs from the overall cohort due to missing data (Figure 1).

c Standardized differences compare imbalance among variables without being

affected by sample size.7 Standardized differences of less than 10% are
considered by some authors to indicate good balance between groups.7

d The Charlson Comorbidity Index is a list of 17 comorbidities identified
by International Classification of Diseases, 10th Revision codes, each of which
is assigned a weight from 1 to 6 (score of 0 indicates healthy patients
[no comorbidities identified]; higher scores indicate the presence of additional
comorbidities). Comorbidities included a 5-year look-back window.

e Indicates no data were available for this time frame.
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mean number of ED visits within 90 days of the index sur-
gery, postoperative admissions to an ICU, and the proportion
of the study cohort with any ED visit (Table 2).

Adjusted Main Outcomes
After adjustment, a complete handover of anesthesia care re-
mained statistically significantly associated with an increased
incidence of the primary outcome (Table 2; adjusted risk dif-
ference [aRD], 6.8% [95% CI, 4.5% to 9.1%]) and an increase in
all-cause death and major complications within 30 days of the
index surgery but not with hospital readmissions. The mean hos-
pital length of stay was longer in the complete handover group,
as was the incidence of postoperative ICU admission (Table 2).

Sensitivity Analyses
Across multiple sensitivity analyses, similar point estimates
and 95% CIs were found, including when the variable with the
most missing data was excluded from the statistical models
(allowing for analysis of 308 014 patients), when multiple im-
putation was performed (allowing for analysis of 313 066 pa-
tients), and when age and/or duration of surgery were incor-
porated into the analysis as polynomial variables (eTable 4 and
eTable 5 in the Supplement).

Secondary Outcomes
After adjustment in exploratory analyses, complete handover
was statistically significantly associated with a higher inci-
dence of postoperative ventilation for 48 hours or more, a ma-
jor disruption of the surgical wound, bleeding, pneumonia,
an unplanned return to the operating room, and new-onset
hemodialysis (Table 3).

Subgroup Analyses
In subgroup analyses, heterogeneity was observed in the sub-
group of year of surgery for the hospital readmission and ma-
jor complication outcomes, for the subgroup of type of sur-
gery for the primary outcome, and for the all-cause death and
major complication outcomes. No statistically significant hetero-
geneity was observed between elective or urgent/emergent
surgeries (Figure 2; and eTable 6 in the Supplement).

Discussion
In this large population-based study, a clinically important and
statistically significant detrimental association between the
complete handover of anesthesia care during major surgery and
adverse postoperative outcomes was found. On average, for
every 15 patients exposed to a complete anesthesia handover,
1 additional patient would be expected to experience the pri-
mary outcome. Intraoperative handovers were also associ-
ated with an increase in ICU admissions and longer hospital
lengths of stay.

In Ontario, the absolute number of complete handovers
is increasing year-by-year. Knowing that fatigue exacerbates
many human limitations,9 some departments have imple-
mented policies of restricted duty hours for medical staff,
residents, or both.10 It is likely that these policies have someTa

bl
e

3.
D

et
ai

ls
of

Co
m

pl
ic

at
io

ns
(E

xp
lo

ra
to

ry
An

al
ys

es
)a

(c
on

tin
ue

d)

Co
m

pl
ic

at
io

nb

Un
ad

ju
st

ed
Va

lu
es

Ad
ju

st
ed

Va
lu

es

N
o

H
an

do
ve

r
(n

=
30

7
12

5)

Co
m

pl
et

e
H

an
do

ve
r

(n
=

59
41

)
RD

,%
(9

5%
CI

)
(N

=
31

3
06

6)
c

RR
(9

5%
CI

)
(N

=
31

3
06

6)
c

N
o

H
an

do
ve

rP
ot

en
tia

l
O

ut
co

m
e

M
ea

n,
%

(9
5%

CI
)

(n
=

12
7

56
9.

4)
d

Co
m

pl
et

e
H

an
do

ve
rP

ot
en

tia
l

O
ut

co
m

e
M

ea
n,

%
(9

5%
CI

)
(n

=
12

8
85

4.
6)

d
RD

,%
(9

5%
CI

)
(n

=
25

6
42

4)
c

RR
(9

5%
CI

)
(n

=
25

6
42

4)
c,

e

Co
m

a
44

(0
.0

1)
6

(0
.1

)
0.

09
(0

.0
06

to
0.

2)
7.

05
(3

.0
1

to
16

.5
4)

0.
01

(0
.0

1
to

0.
02

)
0.

06
(0

.0
01

to
0.

12
)

0.
05

(−
0.

01
to

0.
1)

4.
23

(1
.4

9
to

11
.9

9)

P
va

lu
e

<.
00

1
.1

3

Ab
br

ev
ia

tio
ns

:R
D,

ris
k

di
ffe

re
nc

e;
RR

,r
el

at
iv

e
ris

k.
a

Co
m

pl
et

e
ca

se
an

al
ys

is
re

su
lte

d
in

so
m

e
m

iss
in

g
da

ta
in

th
e

co
ho

rt
on

2
va

ria
bl

es
on

ly
:a

n
en

tir
e

ye
ar

of
m

iss
in

g
da

ta
fo

ry
ea

rs
sin

ce
m

ed
ic

al
sc

ho
ol

gr
ad

ua
tio

n
fo

rt
he

pr
im

ar
y

an
es

th
es

io
lo

gi
st

(5
16

70
re

co
rd

s[
16

.5
%

])
an

d
m

iss
in

g
da

ta
fo

rd
ur

at
io

n
of

su
rg

er
y

(5
0

52
pa

tie
nt

s[
1.6

%
])

.T
he

re
su

lts
w

er
e

sim
ila

rw
he

n
ye

ar
ss

in
ce

m
ed

ic
al

sc
ho

ol
gr

ad
ua

tio
n

w
as

ex
cl

ud
ed

fr
om

th
e

st
at

ist
ic

al
m

od
el

(e
Ta

bl
e

4
in

th
e

Su
pp

le
m

en
t)

.
b

D
ia

gn
os

tic
an

d
in

te
rv

en
tio

n
co

de
su

se
d

to
de

fin
e

ou
tc

om
es

ar
e

sp
ec

ifi
ed

in
eT

ab
le

2
in

th
e

Su
pp

le
m

en
t.

c
RD

sa
nd

RR
sa

re
fo

rt
he

co
m

pl
et

e
ha

nd
ov

er
gr

ou
p

re
la

tiv
e

to
th

e
no

ha
nd

ov
er

gr
ou

p.
Fo

re
xa

m
pl

e,
th

e
ris

k
di

ffe
re

nc
e

of
0.

8%
(9

5%
CI

,0
.3

to
1.3

%
)f

or
ne

w
-o

ns
et

he
m

od
ia

ly
sis

in
di

ca
te

st
ha

ta
ft

er
ad

ju
st

m
en

t,
th

e
co

m
pl

et
e

ha
nd

ov
er

gr
ou

p
ha

d
a

0.
8%

ab
so

lu
te

in
cr

ea
se

in
th

e
ris

k
of

ne
w

-o
ns

et
he

m
od

ia
ly

sis
co

m
pa

re
d

w
ith

th
e

no
ha

nd
ov

er
gr

ou
p.

d
Po

te
nt

ia
lo

ut
co

m
e

m
ea

ns
re

fle
ct

th
e

ou
tc

om
es

in
th

e
in

ve
rs

e
pr

ob
ab

ili
ty

of
ex

po
su

re
-w

ei
gh

te
d

ps
eu

do
sa

m
pl

e
(ie

,p
os

ta
dj

us
tm

en
t)

an
d

th
er

ef
or

e
w

er
e

no
td

ire
ct

ly
ob

se
rv

ed
ou

tc
om

es
.6

e
Ad

ju
st

ed
re

su
lts

ob
ta

in
ed

fr
om

in
ve

rs
e

pr
ob

ab
ili

ty
of

ex
po

su
re

w
ei

gh
tin

g
ba

se
d

on
pr

op
en

sit
y

sc
or

es
.T

he
pr

op
en

sit
y

sc
or

e
w

as
es

tim
at

ed
us

in
g

m
ul

tiv
ar

ia
bl

e
lo

gi
st

ic
re

gr
es

sio
n

w
ith

re
ce

ip
to

fa
ha

nd
ov

er
as

th
e

de
pe

nd
en

tv
ar

ia
bl

e
an

d
a

ve
ct

or
of

co
va

ria
te

sd
ec

id
ed

up
on

a
pr

io
ri

as
th

e
in

de
pe

nd
en

tv
ar

ia
bl

es
(s

ex
,a

ge
,

co
m

or
bi

di
tie

sw
ith

a
5-

ye
ar

lo
ok

-b
ac

k
w

in
do

w
[h

yp
er

te
ns

io
n,

co
ro

na
ry

ar
te

ry
di

se
as

e,
co

ng
es

tiv
e

he
ar

tf
ai

lu
re

,
pe

rip
he

ra
lv

as
cu

la
rd

ise
as

e,
di

ab
et

es
,p

re
vi

ou
ss

tr
ok

e
or

tr
an

sie
nt

isc
he

m
ic

at
ta

ck
,c

hr
on

ic
liv

er
di

se
as

e,
ca

nc
er

,
ch

ro
ni

cr
en

al
di

se
as

e,
an

d
ch

ro
ni

co
bs

tr
uc

tiv
e

pu
lm

on
ar

y
di

se
as

e]
,d

ur
at

io
n

of
th

e
su

rg
er

y
[in

de
ci

le
s]

,y
ea

rs
sin

ce
m

ed
ic

al
sc

ho
ol

gr
ad

ua
tio

n
fo

rt
he

pr
im

ar
y

an
es

th
es

io
lo

gi
st

,r
eg

io
n

of
th

e
pr

ov
in

ce
,t

yp
e

of
ho

sp
ita

l
[a

ca
de

m
ic

or
no

t]
,w

he
th

er
th

e
su

rg
er

y
w

as
el

ec
tiv

e
or

ur
ge

nt
/e

m
er

ge
nt

,a
nd

th
e

ty
pe

of
su

rg
er

y
pe

rf
or

m
ed

).

Research Original Investigation Intraoperative Anesthesia Handovers and Complications After Major Surgery

150 JAMA January 9, 2018 Volume 319, Number 2 (Reprinted) jama.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Queen's University User  on 01/29/2018

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.20040&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.20040
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.20040&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.20040
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.20040


Figure 2. Risk of Adverse Outcomes (Complete Intraoperative Handover of Anesthesia Care vs no Handover Groups) in the Prespecified Subgroups

P Value for
Interaction

Favors Complete
Handover

Favors No
Handover

5.01.00.2
Adjusted Relative Risk (95% CI)

No. of Patients With Event/Total No. of Patients
No Handover Complete HandoverSubgroup

Fiscal year of surgerya
Primary outcome

Adjusted Relative
Risk (95% CI)

13 844/51 854 223/4682010 1.29 (1.07-1.56)
13 455/49 706 230/5672011 0.99 (0.83-1.18)

Elective vs urgent or emergent surgery
51 810/219 881 1304/3377Elective 1.22 (1.12-1.33)
36 645/82 328 1208/2428Urgent or emergent 1.13 (1.06-1.21)

15 494/51 674 378/8532012 1.22 (1.05-1.43) .07

.71

<.001

.18

.35

.02

.03

.17

.66

.04

.38

<.001

15 103/49 044 519/11952013 1.22 (1.07-1.38)
15 344/50 002 545/12482014 1.30 (1.13-1.50)

Type of surgery
8674/52 150 664/1875Neurosurgery 1.67 (1.48-1.88)

37 732/52 245 551/750Cardiac surgery 0.98 (0.92-1.05)
2881/6368 143/194Vascular surgeryb 1.19 (0.95-1.48)
2509/13 666 38/112Thoracic surgeryb 1.68 (0.94-3.00)

36 659/177 780 1116/2874Abdominal, pelvic, and urologic surgery 1.39 (1.27-1.51)

15 215/49 929 617/14742015 1.15 (1.03-1.28)

Overall effect 1.23 (1.16-1.32)

Fiscal year of surgery
All-cause death within 30 days

1515/51 854 27/4682010 2.18 (1.27-3.73)
1365/49 706 28/5672011 1.16 (0.72-1.89)

Elective vs urgent or emergent surgery
2036/219 881 73/3377Elective 1.79 (1.16-2.75)
5978/82 328 230/2428Urgent or emergent 1.24 (1.05-1.48)

1350/51 674 42/8532012 1.50 (0.95-2.35)
1302/49 044 67/11952013 1.19 (0.88-1.61)
1229/50 002 62/12482014 1.71 (1.13-2.59)

Type of surgery
1478/52 150 91/1875Neurosurgery 2.08 (1.46-2.97)
1158/52 245 45/750Cardiac surgery 2.16 (1.31-3.55)

386/6368 ≤5/194Vascular surgeryb 1.87 (1.09-3.20)
269/13 666 ≤5/112Thoracic surgeryb 0.16 (0.05-0.46)

4723/177 780 137/2874Abdominal, pelvic, and urologic surgery 1.25 (0.98-1.61)

1253/49 929 77/14742015 1.38 (1.03-1.85)

Overall effect 1.45 (1.19-1.76)

Fiscal year of surgery
Readmission within 30 days

3422/51 854 39/4682010 0.74 (0.43-1.29)
3322/49 706 43/5672011 0.71 (0.47-1.06)

Elective vs urgent or emergent surgery
14 165/219 881 348/3377Elective 1.35 (1.09-1.67)

6769/82 328 190/2428Urgent or emergent 1.05 (0.84-1.32)

3554/51 674 81/8532012 1.59 (0.99-2.55)
3417/49 044 114/11952013 1.23 (0.83-1.83)
3581/50 002 121/12482014 1.22 (0.86-1.74)

Type of surgery
2988/52 150 132/1875Neurosurgery 1.15 (0.85-1.55)
4617/52 245 62/750Cardiac surgery 1.10 (0.66-1.82)

428/6368 11/194Vascular surgery 0.79 (0.32-1.92)
941/13 666 11/112Thoracic surgery 0.79 (0.35-1.81)

11 960/177 780 322/2874Abdominal, pelvic, and urologic surgery 1.32 (1.09-1.59)

3638/49 929 140/14742015 1.29 (0.99-1.69)

Overall effect 1.18 (0.98-1.41)

Fiscal year of surgery
Major complication within 30 days

10 744/51 854 202/4682010 1.48 (1.21-1.81)
10 473/49 706 193/5672011 1.08 (0.89-1.32)

Elective vs urgent or emergent surgery
40 818/219 881 1062/3377Elective 1.20 (1.09-1.33)
30 009/82 328 1018/2428Urgent or emergent 1.15 (1.06-1.26)

12 558/51 674 313/8532012 1.09 (0.93-1.27)
12 348/49 044 427/11952013 1.23 (1.07-1.41)
12 420/50 002 442/12482014 1.29 (1.08-1.53)

Type of surgery
5405/52 150 543/1875Neurosurgery 2.02 (1.75-2.33)

36 130/52 245 526/750Cardiac surgery 0.97 (0.90-1.04)
2560/6368 134/194Vascular surgery 1.22 (0.97-1.55)
1608/13 666 32/112Thoracic surgery 2.49 (1.35-4.61)

25 124/177 780 845/2874Abdominal, pelvic, and urologic surgery 1.46 (1.33-1.61)

12 284/49 929 503/14742015 1.16 (1.02-1.31)

Overall effect 1.25 (1.16-1.34)

See Statistical Analysis for calculation methods of subgroup effects. Because of
missing data, years since graduation for the primary anesthesiologist was
excluded as a covariate in these analyses (Figure 1).

a Data were plotted in the year the fiscal year ended (end date, March 31).
b Small cell sizes (�5) cannot be reported and were obscured to create ambiguity.
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effect on the increase in the volume of handovers (since the
policies may require anesthesiologists to hand over the care
of more partially completed surgeries to colleagues when their
working hours end).

Previous studies were from single institutions and in-
cluded patients undergoing either narrow11,12 or broad13,14 ranges
of surgeries. Three studies11-13 had CIs for the primary out-
come that were consistent with a significant association be-
tween handovers and harm, the largest of which13 found that
each anesthesia care transition was associated with increased
odds of in-hospital mortality and major complications (odds ra-
tio 1.08 for each transition [95% CI, 1.05 to 1.10]). The fourth
study14 was compatible with the others since its 95% CI for the
odds of the primary outcome (0.90 to 1.02), while not statisti-
cally significant, included a potentially clinically important ef-
fect. Most studies were conducted in the United States, where
anesthesia care involves certified registered nurse anesthe-
tists, physicians, or both. This differs from some other coun-
tries including Canada,15 where physicians typically care for one
patient directly.

The congruity of these results with the majority of the pre-
vious research suggests that anesthesia handovers during ma-
jor surgeries are associated with unintended harmful conse-
quences. If the percentage of handovers observed in the final
year of this study cohort (2.9%) were reflected worldwide, more
than 9 million patients per year would potentially undergo sur-
gery with a complete anesthesia handover.16 Given the large
number of patients and the increase in adverse outcomes ob-
served in this study, the public health implications of its find-
ings are concerning. The most prudent approach at the current
time may therefore be to invoke the precautionary principle17

and minimize unnecessary anesthesia handovers until future
research has demonstrated that these harmful associations
have been attenuated. However, determining which handovers
are unnecessary remains a significant challenge. For example,
since fatigue will, at some point, have a measureable and det-
rimental effect on clinicians,9 handovers performed for rea-
sons of fatigue may be reasonable. Determining when the risk
of a fatigued clinician exceeds the potential risk of a complete
handover is an important subject for future research.

It is possible that an improved system of anesthesia
handovers (in which critical components of handovers are man-
dated by a checklist) would eliminate the signal of harm while
maintaining lifestyle benefits for clinicians. Although attempts
to improve the quality of handovers are common and invoke
many differing theoretical frameworks (eg, information process-
ing, stereotypical narratives, distributed cognition), no unified
approach has been identified.18 The potential for important in-
tangible information loss during handover remains a latent

threat. Attempting to demonstrate improved outcomes with the
use of handover tools is an important area of research.

Subgroup analyses demonstrated statistical evidence of
heterogeneity for some of the outcomes, particularly for the type
of surgery performed. However, the majority of point estimates
indicate an association between handovers and both the primary
and all-cause death outcomes. Although the absolute risks of
these outcomes may differ among surgery types, these results
indicate consistent findings of harm among most subgroups.

A strength of this study is its large sample of patients rep-
resenting a wide variety of surgeries at many hospitals. This
is important since the majority of previous studies excluded
important patient populations (often cardiac surgery) and were
conducted at single centers. Many outcome events occurred,
increasing the statistical power to detect important differ-
ences. Because this was a population-based study based in the
largest Canadian province, patients in this cohort are likely rep-
resentative of other Canadians in terms of sex, age, socioeco-
nomic groups, comorbidity distributions, and other impor-
tant prognostic factors. Unlike other countries where there are
distinct regional differences in anesthesia practice (eg, the use
of nurse anesthetists), this cohort involved only physician an-
esthesiologists. This allowed the research to focus more di-
rectly on the issue of handovers rather than on the types of cli-
nicians involved.

This study has several limitations. Because the exposure
of complete handover was determined using a billing code,
there is a risk of misclassification if the code was used improp-
erly. ICD-10 diagnostic codes may not have captured all ad-
verse postoperative outcomes. The primary anesthesiolo-
gist’s career experience was controlled for, but the career
experience of the replacement anesthesiologist and the sur-
geon was not. It was not possible to determine the precise time
of handover because this information was not captured by phy-
sician billings, which limited the ability to investigate the ef-
fect of the handover’s time of day on outcomes. Cases in which
a primary anesthesiologist had the assistance of a second an-
esthesiologist or took breaks during an operation and then re-
turned to the operating room were not identified; nor was the
presence of anesthesia trainees during the surgeries.

Conclusions
Among adults undergoing major surgery, complete handover
of intraoperative anesthesia care compared with no handover
was associated with a higher risk of adverse postoperative out-
comes. These findings may support limiting complete anes-
thesia handovers.
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