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In health care, most preventable adverse 
events occur in the operating room.1 Check-
lists aim to minimize preventable errors by 

providing a standardized framework for under-
taking complex procedures.2 The World Health 
Organization (WHO) developed a surgical safety 
checklist to improve perioperative safety,3 which 
has been shown to reduce rates of perioperative 
mortality and complications in a range of health 
care settings.4 As a result, surgical safety check-
lists have been established as a standard of care 
for safe operating room practice,5 but there is 
conflicting evidence for the effectiveness of 
checklists to improve perioperative outcomes in 
some populations.6

Pediatric surgery differs from adult surgery, 
particularly in terms of models of health care 
delivery, perioperative risks, and surgical proce-
dure types and volume. The infrastructure of 
health care services differs for pediatric and 
adult surgery, with many types of pediatric sur-
gery undertaken only in secondary or tertiary 
specialist centres. The risk of perioperative death  
in children is low, with the exception of congeni-

tal cardiac and newborn surgery.7 However, the 
risk of perioperative adverse events is relatively 
high.8 These risks are influenced by the specialty 
of the primary health care provider, the age of 
the child and delivery of health care at an aca-
demic centre.8 In addition, some pediatric surgi-
cal procedures and hospitals are considered to be 
low volume, which can also contribute to differ-
ences in perioperative adverse events between 
children and adults.9 Because of these factors, 
findings from previous investigations of the 
effect of surgical safety checklists on periopera-
tive outcomes in adults may not be generalizable 
to children undergoing surgery.

We hypothesized that the proportion of chil-
dren admitted to hospital for surgery who had 
perioperative complications would decrease after 
the mandated implementation of surgical safety 
checklists in Ontario. The primary aim of this 
study was to evaluate the effect of surgical safety 
checklists on perioperative complications in chil-
dren who undergo common types of pediatric sur-
gery. The secondary aim was to determine if the 
use of surgical safety checklists was associated 
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Background: In health care, most preventable 
adverse events occur in the operating room. Sur-
gical safety checklists have become a standard of 
care for safe operating room practice, but there 
is conflicting evidence for the effectiveness of 
checklists to improve perioperative outcomes in 
some populations. Our objective was to deter-
mine whether surgical safety checklists are asso-
ciated with a reduction in the proportion of 
children who had perioperative complications.

Methods: We conducted a retrospective cohort 
study using administrative health care databases 
housed at the Institute for Clinical Evaluative Sci-
ences to compare the risk of perioperative com-
plications in children undergoing common types 
of surgery before and after the mandated imple-
mentation of surgical safety checklists in 116 
acute care hospitals in Ontario. The primary out-
come was a composite outcome of 30-day all-
cause mortality and perioperative complications.

Results: We identified 14 458 and 14 314 
surgical procedures in pre- and postcheck-
list groups, respectively. The proportion of 
children who had perioperative complica-
tions was 4.08% (95% confidence interval 
[CI] 3.76%–4.40%) before the implementa-
tion of the checklist and 4.12% (95% CI 
3.80%–4.45%) after implementation. After 
we adjusted for confounding factors, we 
found no significant difference in the odds 
of perioperative complications after the 
introduction of surgical safety checklists 
(adjusted odds ratio 1.01, 95% CI 0.90–1.14, 
p = 0.9).

Interpretation: The implementation of surgi-
cal safety checklists for pediatric surgery in 
Ontario was not associated with a reduction 
in the proportion of children who had peri-
operative complications. Trial registration: 
ClinicalTrials.gov, no. NCT02419053
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with a reduction in measures of health care utili-
zation (i.e., unplanned return to the operating 
room, length of hospital stay and visits to the 
emergency department).

Methods

We conducted a retrospective cohort study of 
patients more than 28  days and less than 
18 years of age who were admitted to hospital 
for surgery in Ontario before and after the man-
dated implementation of surgical safety check-
lists. The use of a 3-phase surgical safety check-
list in all hospital operating rooms in Ontario 
was mandated by the Ministry of Health and 
Long-Term Care in September 2009, and public 
compliance reporting was implemented in July 
2010. The surgical safety checklist proposed by 
the Ontario government was adapted by the 
Canadian Patient Safety Institute from the WHO 
surgical safety checklist but was subject to modi-
fication by individual hospitals. 

We identified surgical admissions, patient 
demographic characteristics, perioperative com-
plications and measures of health care utilization 
from Ontario health administrative and demo-
graphic databases housed at the Institute for 
Clinical Evaluative Sciences (Toronto): the Dis-
charge Abstract Database of the Canadian Insti-
tute for Health Information (CIHI) and the Reg-
istered Persons Database.

We received approval for this study protocol 
from the Research Ethics Board of The Hospi-
tal for Sick Children (Toronto).

Study population
We included children more than 28 days of age 
who were admitted to hospital in Ontario to 
undergo a surgical procedure (primary reason) 
in the study cohort; neonates were excluded 
because most surgical procedures in this popu-
lation are typically low volume and undertaken 
in tertiary hospitals. We used the following age 
categories: infants (29–364  d), young children 
(1–7 yr) and older children (8–17 yr). The age 
limit (8 yr) used to differentiate between young 
and older children was chosen to reflect the 
potential for meaningful participation by older 
children in the preoperative component of the 
surgical safety checklist.

Surgical admissions
We identified hospital admissions with a surgical 
procedure as the primary reason for admission 
using case mix group category codes from the 
Discharge Abstract Database. Cardiac surgery, 
solid organ transplant, admissions without a sur-
gical procedure performed and low-volume (< 10 

procedures undertaken in Ontario per yr) admis-
sion categories were excluded from the cohort. 
We used the Canadian Classification of Health 
Interventions (CCI) codes for therapeutic inter-
ventions to define all surgical procedures.

Study periods
The study time frame was the same 12-month 
period before (October 2008 to September 2009) 
and after (October 2010 to September 2011) 
surgical safety checklist compliance reporting 
began in July 2010. We chose these periods to 
minimize seasonal and temporal effects on peri-
operative complications and to account for the 
variable implementation of checklists across 
hospitals.

Outcomes
The primary outcome was the composite of all-
cause mortality and a priori specified complica-
tions within 30  days of surgery. Perioperative 
mortality and complication rates were deter-
mined for each surgical procedure. We used the 
International Statistical Classification of Dis-
eases and Related Health Problems, 10th revi-
sion (ICD-10) to code complications, which 
included acute renal failure, cardiac arrest, com-
plications of implants or grafts, decubitus ulcer, 
deep vein thrombosis, disruption of wound, elec-
trolyte or acid–base abnormality, hemorrhage or 
hematoma, pulmonary embolism, pulmonary 
collapse or pneumonia, surgical site infection, 
sepsis, shock, stroke and vascular graft failure. 
We used the Registered Persons Database to 
determine 30-day postoperative all-cause mortal-
ity and the Discharge Abstract Database to deter-
mine all other complications.

Secondary outcomes were measures of health 
care utilization: length of hospital stay, any 
unplanned return to the operating room or emer-
gency department visits within 30 days of surgery. 
We calculated length of hospital stay as the differ-
ence between the relevant admission and dis-
charge dates, and we identified unplanned return 
to the operating room and emergency department 
visits from their respective CIHI codes in the Dis-
charge Abstract Database.

Statistical analysis
We determined descriptive statistics for all par-
ticipants by study group, which are presented as 
appropriate for the data distribution. We calcu-
lated proportions and 95% confidence intervals 
(CIs) where appropriate. We used multivariable 
logistic regression models to estimate the 
adjusted association of surgical safety check-
lists (independent variable) with primary (com-
posite outcome of perioperative complications) 
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and secondary outcomes (proportion of children 
with a visit to the emergency department or an 
unplanned return to the operating room). We 
used a negative binomial regression model to 
estimate the adjusted effect of surgical safety 
checklists on length of stay. Covariates used in 
the regression models (i.e., admission category, 
age category, average neighbourhood income 
quintile, hospital type, sex and rurality) were 
specified a priori. A backward, stepwise 
approach was used for model building. We 
assessed logistic model goodness-of-fit with the 
Hosmer–Lemeshow test. Odds ratio (OR) esti-
mates and 95% CIs were used to summarize the 
results. We defined statistical significance as 
2-tailed p < 0.05. All analyses were performed 
using SAS version 9.4 (SAS Institute).

Results

A total of 127 categories of eligible pediatric 
surgical admissions were identified from 116 
Ontario hospitals (Appendix 1, available at www.
cmaj.ca/lookup/suppl/doi:10.1503/cmaj.151333/-/
DC1). The most frequent surgical admission cate-
gories were acute appendicitis (14.6%), oral cav-
ity or pharynx surgery (12.6%), orthopedic sur-
gery of upper body or limb (8.8%), complicated 
appendectomy (4.5%), and orthopedic surgery 
of the tibia, fibula or knee (1.9%). From these 
admissions, we identified 14 458 and 14 314 
surgical procedures in the same 12-month peri-
ods before and after the introduction of the 
checklist, respectively. Characteristics of chil-
dren who underwent surgery are summarized in 
Table 1. Most children were male (59.4%), were 
admitted to hospital urgently or emergently 
(54.2%) and underwent intervention in a teach-
ing hospital (56.9%).

Univariable analyses
The proportion of children with complications 
after surgery did not differ based on demographic 
or admission characteristics (admission category, 
age category, average neighbourhood income 
quintile, hospital type and sex), apart from rurality 
(Table 2). The proportion of children from an 
urban area who had at least one complication was 
3.94% compared with 5.12% of patients from a 
rural area (unadjusted OR 0.76, 95% CI 0.65–0.89, 
p < 0.001).

Perioperative complications
The proportion of children who had complica-
tions that occurred within 30  days of surgery 
was 4.08% (95% CI 3.76%–4.40%) in the pre-
checklist group and 4.12% (95% CI 3.80%–
4.45%) in the postchecklist group. After adjust-

ing for confounding factors, we found that there 
was no significant difference in the odds of 
perioperative complications after the introduc-
tion of surgical safety checklists (adjusted OR 
1.01, 95% CI 0.90–1.14, p = 0.9).

Health care utilization
Data for length of stay were not normally dis-
tributed. Length of stay differed significantly 
between pre-and postchecklist groups (p  < 
0.001); however, the difference was small, and 
both groups had the same median unadjusted 
length of stay (1  d, interquartile range [IQR] 
1–3 d) and the same frequency distributions up 
to the 95th quantile (10 v. 9 d for pre- and post-
checklist groups, respectively). After adjusting 
for confounding factors, the difference in length 
of stay between groups remained significant 
(p < 0.001).

The proportion of children who presented to 
the emergency department within 30 days of sur-
gery was 3.35% and 3.53% in the prechecklist 
and postchecklist groups, respectively (p = 0.4). 
There was no difference in the odds of an emer-
gency department visit after the introduction of 
surgical safety checklists (adjusted OR 1.06, 
95% CI 0.93–1.21, p = 0.4).

The proportion of children who had an 
unplanned return to the operating room did not 
differ between the prechecklist (0.27%) and post-
checklist (0.24%) groups (p = 0.6). The adjusted 
OR of an unplanned return to the operating room 
after the introduction of surgical safety checklists 
was 0.88 (95% CI 0.55–1.39; p = 0.6).

Subgroup analysis
Unadjusted rates and risks of specific complica-
tions are summarized in Table 3. The proportion 
of children with individual complications did not 
differ between pre- and postchecklist groups, 
with the exception of electrolyte or acid–base 
abnormalities, which decreased from 0.12% to 
0.03%. The unadjusted OR of an electrolyte or 
acid–base abnormality in the postchecklist group 
was 0.28 (95% CI 0.10–0.76; p = 0.01).

Interpretation

Our study of 28 772 pediatric surgical proce-
dures in 116 hospitals in Ontario found no dif-
ference in the proportion of children who had 
perioperative complications before and after 
the mandated implementation of surgical safety 
checklists. There were no clinically important 
differences between groups in measures of health 
care utilization.

Properly implemented checklists have been 
shown to be associated with significantly 
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Table 1: Demographic characteristics of patients who underwent pediatric surgery in Ontario
(n = 28 772)

Characteristic

No. (%) of patients

p value‡
Prechecklist group*

n = 14 458
Postchecklist group†

n = 14 314

Admission category 0.1

Elective 6 681 (46.2) 6 484 (45.3)

Emergent or urgent 7 777 (53.8) 7 830 (54.7)

Age 0.003

Infant (29–364 d) 1 065 (7.4) 985 (6.9)

Young children (1–7 yr) 4 202 (29.1) 4 412 (30.8)

Older children (8–17 yr) 9 191 (63.6) 8 917 (62.3)

Ambulatory surgery 1 099 (7.60) 1 111 (7.76) 0.6

Sex 1.0

Female 5 878 (40.7) 5 819 (40.6)

Male 8 580 (59.3) 8 493 (59.3)

CMG category

Digestive system 4 046 (28.0) 4 088 (28.6) 0.3

Trauma 3 428 (23.7) 3 228 (22.5)   0.02

Ear, nose and throat 2 939 (20.3) 3 155 (22.0) < 0.001

Musculocutaneous 1 783 (12.3) 1 712 (12.0) 0.3

Urology and male reproductive system 777 (5.4) 743 (5.2) 0.5

Nervous system 436 (3.0) 440 (3.1) 0.8

Skin and subcutaneous tissue 324 (2.2) 257 (1.8)   0.01

Hepatobiliary 155 (1.1) 164 (1.1) 0.5

Female reproductive system 161 (1.1) 160 (1.1) 1.0

Respiratory 146 (1.0) 123 (0.9) 0.2

Endocrine 139 (1.0) 118 (0.8) 0.1

Ophthalmology 108 (0.8) 109 (0.8) 0.9

Burns 16 (0.1) 17 (0.1) 0.8

Neighbourhood income quintile 0.6

Unknown 55 (0.4) 81 (0.6)

1 2 808 (19.4) 2 693 (18.8)

2 2 604 (18.0) 2 640 (18.4)

3 2 836 (19.6) 2 864 (20.0)

4 3 186 (22.0) 3 127 (21.8)

5 2 969 (20.5) 2 909 (20.3)

Hospital type 0.3

Teaching 8 186 (56.6) 8 185 (57.2)

Nonteaching 6 272 (43.4) 6 129 (42.8)

Home location   0.03

Unknown 4 (0.0) 5 (0.0)

Rural 2 073 (14.3) 1 929 (13.5)

Urban 12 381 (85.6) 12 380 (86.5)

Note: CMG = case mix group.
*October 2008 to September 2009 (before the implementation of patient safety checklists in operating rooms in Ontario).
†October 2010 to September 2011 (after the implementation of patient safety checklists in operating rooms in Ontario).
‡Likelihood ratio test.
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improved perioperative outcomes and patient 
safety in most health care settings.10 However, 
several critical factors are necessary to ensure 
that checklist implementation is successful11 
(e.g., overcoming contextual barriers to adoption 
that are dependent on cultural and organizational 
factors).12 Data from the Ontario Ministry of 
Health and Long-Term Care showed that the 
mandated public reporting of surgical safety 
checklists did increase their use in pediatric aca-
demic hospitals, and checklists were used for 
most (> 98%) of the surgical procedures in the 
postimplementation group of this cohort.13 How-
ever, these data do not evaluate other factors that 
could influence the effectiveness of surgical 
safety checklists, such as the quality of checklist 
completion or engagement of operating room 
staff in the checklist process. The lack of posi-
tive findings in this study might reflect the extent 
of organizational leadership and patient safety 
infrastructure that are necessary for effective 
implementation of surgical safety checklists. 
Introduction of surgical safety checklists without 
adequate staff education or local leadership can 

lead to disinterest and, in some instances, aban-
donment by operating room staff.14

This study may not have detected improve-
ments in operating room safety after adoption of 
surgical safety checklists because of the types of 
outcomes evaluated in this relatively low-risk pop-
ulation. Many quantitative research studies evalu-
ating surgical safety checklists have used major 
adverse events (e.g., adverse outcomes defined by 
the American College of Surgeons National Surgi-
cal Quality Improvement Program) to evaluate the 
effect of checklists on patient safety. However, 
these outcomes can be uncommon in some surgi-
cal populations (i.e., ambulatory surgery and 
patients without significant comorbidities) and 
may not be suitable for detecting improvements in 
patient safety or quality of health care in popula-
tions with already low rates of perioperative com-
plications and death. In this study, the reduced rate 
of electrolyte or acid–base abnormalities, an out-
come not typically measured by studies evaluating 
the effect of surgical safety checklists, may be a 
spurious finding. However, it could also indicate 
that other trigger outcomes for adverse events are 

Table 2: Analysis of rate of complications in patients who were admitted to hospital for pediatric 
surgery in Ontario, by potential confounding factors

Characteristic Rate of complications, % OR (95% CI) p value

Admission category 0.2

Elective 4.28 1 (ref)

Emergent or urgent 3.95 0.921 (0.820–1.035)

Age 0.7

Infant (29–364 d) 4.38 1 (ref)

Young children (1–7 yr) 4.14 0.942 (0.743–1.193)

Older children (8–17 yr) 4.05 0.919 (0.734–1.149)

Sex 0.2

Female 3.92 1 (ref)

Male 4.23 1.083 (0.961–1.221)

Neighbourhood income quintile 0.3

1 4.45 1 (ref)

2 4.39 0.984 (0.819–1.183)

3 3.95 0.882 (0.733–1.061)

4 3.94 0.881 (0.736–1.055)

5 3.81 0.850 (0.706–1.023)

Hospital type 0.5

Teaching 4.03 1 (ref)

Nonteaching 4.19 1.042 (0.927–0.172)

Home location < 0.001

Rural 5.12 1 (ref)

Urban 3.94 0.759 (0.650–0.886)

Note: CI = confidence interval, OR = odds ratio, ref = reference group.
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useful for detecting improvements in patient safety 
for low-risk surgeries or patients.8

Comparison with other studies
When Haynes and colleagues first reported that 
the WHO surgical safety checklist was an effec-
tive tool for reducing perioperative mortality,4 
some experts argued that the size of the observed 
improvements was misleading, given the pre-
dominance of health care settings with relatively 
high rates of perioperative death and complica-
tions in the cohort, and that similar results were 
unlikely to be achieved in populations with lower 
rates of adverse outcomes.15 Despite these con-
cerns, the overall effect of surgical safety check-
lists on perioperative patient safety has been 
striking,16 and the body of evidence from quanti-
tative and qualitative research supporting the use 
of surgical safety checklists continues to grow. A 
recent randomized controlled trial (RCT) involv-
ing adults undergoing surgery in Norway 

reported that use of the WHO surgical safety 
checklist was associated with a substantial reduc-
tion in perioperative complications (19.9% v. 
11.5% before and after implementation, respec-
tively) and mortality (1.6% v. 1.0% before and 
after implementation, respectively).17 This study 
was notable for both the study design (i.e., RCT) 
and setting (i.e., a developed health care service 
with low rates of perioperative death).

Another study by Urbach and colleagues 
using Ontario health administrative databases 
found no difference in perioperative mortality or 
complications after the introduction of surgical 
safety checklists in a predominantly adult popu-
lation in Ontario.6 In this study, the adjusted 
risks of perioperative death and complications 
were low (0.71% and 3.86%, respectively) 
before the introduction of surgical safety check-
lists.6 This is similar to our study in which the 
proportion of children who had perioperative 
complications before the introduction of surgi-

Table 3: Unadjusted risk of complications in patients who underwent pediatric surgery in Ontario (n = 28 772) 

Outcome (within 30 d after surgery)

No. (%) of patients

Before checklist 
implementation v. after 

checklist implementation

Prechecklist group*
n = 14 458

Postchecklist group†
n = 14 314 OR (95% CI)

One or more complications 590 (4.08) 590 (4.12) 1.010 (0.899–1.135)

Mortality 1 (0.01) 0 (0.00) –

Acute renal failure 3 (0.02) 5 (0.03) 1.684 (0.402–7.046)

Cardiac arrest requiring CPR 0 (0.00) 0 (0.00) –

Complications of procedure 464 (3.21) 447 (3.12) 0.972 (0.852–1.109)

Complications of prosthetics 93 (0.64) 101 (0.71) 1.098 (0.827–1.456)

Decubitus ulcer 5 (0.03) 7 (0.05) 1.414 (0.449–4.457)

Deep vein thrombosis 3 (0.02) 4 (0.03) 1.347 (0.301–6.018)

Disruption of wound 40 (0.28) 49 (0.34) 1.238 (0.815–1.881)

Electrolyte or acid–base abnormality 18 (0.12) 5 (0.03)   0.280 (0.104–0.755)‡

Hemorrhage or hematoma 101 (0.70) 96 (0.67) 0.960 (0.725–1.270)

Pneumonia 34 (0.24) 44 (0.31) 1.308 (0.836–2.048)

Postprocedural respiratory distress 9 (0.06) 3 (0.03) 0.337 (0.091–1.243)

Pulmonary collapse 2 (0.01) 4 (0.03)   2.020 (0.370–11.032)

Pulmonary embolism 3 (0.02) 1 (0.01) 0.337 (0.035–3.237)

Surgical site infection 243 (1.68) 234 (1.63) 0.972 (0.811–1.165)

Sepsis 7 (0.05) 7 (10) 1.010 (0.354–2.880)

Shock 5 (0.03) 7 (0.05) 1.414 (0.449–4.457)

Stroke 1 (0.01) 1 (0.01)   1.010 (0.063–16.150)

Vascular graft failure 0 (0.00) 1 (0.01) –

Note: CI = confidence interval, CPR = cardiopulmonary resuscitation, OR = odds ratio.
*October 2008 to September 2009 (before the implementation of patient safety checklists in operating rooms in Ontario).
†October 2010 to September 2011 (after the implementation of patient safety checklists in operating rooms in Ontario).
‡p < 0.05.
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cal safety checklists was low (4.08%). Although 
our study used a short time interval between 
mandatory public reporting of surgical safety 
checklists in Ontario and measuring the check-
list effect to minimize secular changes that may 
also occur, this time frame was greater than in 
other clinical studies that detected improved 
perioperative outcomes with the implementation 
of surgical safety checklists.4 It is possible that 
surgical safety checklists cannot effect further 
reductions in major adverse events in popula-
tions with already low rates of complications. A 
ceiling effect, if it does exist, may influence 
how we approach both the evaluation and 
implementation of surgical safety checklists in 
populations considered to be at low risk for 
major complications (e.g., ambulatory surgery).

Strengths and limitations
Strengths of this study include the generalizabil-
ity of the population-based cohort and the use of 
provincial health administrative and demo-
graphic databases. Exclusion of high-risk types 
of surgery undertaken in tertiary specialist pedi-
atric hospitals (e.g., cardiac and neonatal sur-
gery) and types of pediatric surgery that are 
infrequently undertaken from this cohort increased 
the external validity of our study. By using data-
bases housed at the Institute for Clinical Evalua-
tive Sciences, we were able to adjust for poten-
tial confounding by socioeconomic and 
geographical factors that were identified in 
Ontario demographic databases. In addition, the 
use of a retrospective study design could also 
have been advantageous by reducing the risk of a 
Hawthorne effect associated with some prospec-
tive study designs.18

Some caution must be used when interpreting 
the results of this study. The mandated imple-
mentation of surgical safety checklists by the 
provincial government in Ontario prevented the 
use of a study design with greater strength of 
evidence (i.e., a prospective cohort study or 
RCT) in this population. In addition, ambulatory 
surgery is underrepresented in this cohort; ambu-
latory care in Ontario is most often reported in 
the National Ambulatory Care Reporting Sys-
tem, which was not included in the current study 
owing to the use of a different case mix method-
ology. As a result, our findings may be best 
applied to children undergoing inpatient surgery 
in secondary or tertiary care settings. Further-
more, although CIHI health administrative data-
bases undergo rigorous data quality controls to 
ensure accuracy, reliability and comparability 
over time,19 there is potential for inaccuracy in 
the calculated rates of perioperative complica-
tions because of coding and abstracting errors. 

However, there is no basis for such coding dis-
crepancies to differ between the study periods.

Unanswered questions and future 
research
The lack of positive findings in this study 
prompts several questions, including the follow-
ing: What contextual factors influence the suc-
cess of surgical safety checklists? What quanti-
tative outcomes can be used to evaluate the 
effect of surgical safety checklists in popula-
tions with already low rates of adverse events 
and death? Future research will also be influ-
enced by the increasing time interval since the 
introduction of surgical safety checklists and the 
absence of suitable control groups owing to the 
mandated use of surgical safety checklists in 
most populations. These factors could necessi-
tate the use of other study designs for quantita-
tive research in this field.20

Conclusion
There is increasing evidence that surgical safety 
checklists can improve perioperative outcomes in 
many health care settings, but the mandated 
implementation of surgical safety checklists in 
Ontario was not associated with a reduction in 
the proportion of children who had perioperative 
complications.
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