
© 2023 CMA Impact Inc. or its licensors	 Can J Surg/J can chir 2023;66(2)	 E123

Major morbidity and mortality associated  
with delays to emergent surgery in children:  
a risk-adjusted analysis

Background: Delay of emergency surgery contributes to morbidity and mortality, 
and physiologic status affects outcomes of patients requiring emergent surgery. Our 
purpose was to determine whether delays to emergent surgery in children were asso-
ciated with increased major morbidity or mortality in a risk-adjusted population.

Methods: We performed a retrospective review of class  1 (≤  60 min to operating 
room) surgical procedures from July 11, 2011, to July 30, 2016, at BC Children’s 
Hospital, Vancouver. Data sources included the operating room database, patient 
charts, American Society of Anesthesiologists classification, Neonatal Acute Physiol-
ogy (SNAP II) and Pediatric Risk of Mortality (PRISM III) scores, time from booking 
to operating room and outcome. Patients were classified as being at low or high risk 
for death. We defined major morbidity as unintended loss of an organ, limb or func-
tion related to surgery, and delay to surgery as more than 60 minutes from booking to 
in room. We used the χ2 test for univariate analysis and logistic regression for multi-
variate analysis.

Results: There were 384 cases (367 patients), 223 high-risk and 161 low-risk. The 
median age was 4 years (range 0 d–18 yr). Overall, 184 cases (47.9%) were delayed. 
Major morbidity occurred in 94 cases (24.5%), and 28 patients (7.6%) (all in the high-
risk group) died. The mean time to the operating room was 1.46 hours for patients 
with major morbidity/mortality and 1.17  hours for those without. After adjustment 
for risk level, multivariate analysis showed delay to surgery to be associated with 85% 
increased odds of morbidity and/or mortality (adjusted odds ratio 1.85, 95% confi-
dence interval 1.20–2.94) compared to no delay.

Conclusion: Delay to emergent surgery was associated with a significant increase in 
major morbidity and/or mortality. Children who require emergency surgery need 
their care prioritized by not only operating room teams but also hospitals and govern-
ment; otherwise, they will continue to experience unintended consequences.

Contexte : Le retard des chirurgies d’urgence contribue à la morbidité et à la morta
lité, et l’état physiologique influence les résultats des patients en ayant besoin. Notre 
objectif était de déterminer si le retard des chirurgies d’urgence chez les enfants était 
associé à une hausse de la morbidité majeure ou de la mortalité dans une population 
ajustée en fonction du risque.

Méthodes : Nous avons mené une étude rétrospective sur les interventions chirurgi-
cales de classe 1 (entrée au bloc opératoire en 60  min ou moins) réalisées entre le 
11  juillet 2011 et le 30  juillet 2016 à l’Hôpital pour enfants de la Colombie-
Britannique de Vancouver. Les sources de données comprenaient la base de données 
du bloc opératoire, les dossiers des patients, les scores de la classification de 
l’American Society of Anesthesiologists, du SNAP II (Neonatal Acute Physiology ou 
gravité des maladies néonatales) et du PRISM III (Pediatric Risk of Mortality ou 
risque pédiatrique de mortalité), le temps entre l’inscription et l’entrée au bloc opéra-
toire et les résultats. Les patients ont été classés selon leur risque de décès, faible ou 
élevé. Nous avons défini la morbidité majeure comme la perte imprévue d’un organe, 
d’un membre ou d’une fonction liée à l’intervention chirurgicale et le retard de la 
chirurgie comme un temps entre l’inscription et l’entrée au bloc opératoire supérieur 
à 60 minutes. Nous avons réalisé l’analyse unidimensionnelle avec le test χ2 et l’ana
lyse multivariée avec la régression logistique.

Résultats  : Nous avons relevé 384 cas (367 patients); 223 présentaient un risque 
élevé et 161, un risque faible. L’âge médian était de 4 ans (plage 0 jour à 19 ans). Un 
retard est survenu dans 184 cas (47,9 %). Pour 94 cas (24,5 %), une morbidité majeure 
est apparue et 28 patients (7,6 %; appartenant tous au groupe à risque élevé) sont 
décédés. Pour ces cas de morbidité majeure ou de décès, le temps moyen d’entrée au 
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T he primary objective of the Canada Health Act is “to 
protect, promote and restore the physical and men-
tal well-being of residents of Canada and to facili-

tate reasonable access to health services without financial 
or other barriers.”1 Ensuring timely access to emergent 
surgical intervention has been recognized as a priority 
worldwide, with several countries implementing systems to 
collect data, benchmark and improve outcomes in this 
high-risk patient population.2

Well-established evidence shows that protected time for 
emergency operating rooms with teams available 24 hours 
a day, 7 days a week improves emergency surgery access 
and patient outcomes while decreasing costs.3–5 This model 
has been inconsistently adopted in Canada. In a review of 
the literature on emergency surgery, the authors stated, 
“Canada does not appear to be as advanced as the United 
Kingdom or the United States in terms of its approach to 
emergency surgery and focuses more on improving elect
ive surgery.”2 Despite increased resources being directed at 
improving access for Canadians needing elective surgery, 
not only have some elective wait times increased, but evi-
dence of preventable death in adults awaiting urgent sur-
gery is mounting.6,7 Urgent and emergency surgery 
patients have been an “ignored and fragmented patient 
population” in Canada8 who are experiencing adverse out-
comes owing to barriers in accessing surgical care.7

There is very little published literature on outcomes 
related to delays for children awaiting emergency surgery. 
In 2016, we published a 3-year retrospective audit of all 
emergency operations at our tertiary pediatric hospital.9 
Most of the 4668 procedures were performed after day-
time working hours, and patients requiring a class  1 
(within ≤ 1 h) operation were the most likely to have their 
procedure delayed, with only 59.2% getting to the operat-
ing room within 1 hour from booking. The aim of the cur-
rent study was to determine whether, in a risk-adjusted 
pediatric class 1 population, delays to surgery were associ-
ated with increased morbidity and/or mortality.

Methods

With research ethics board approval (CW11-0274/H11-
0276), we performed a retrospective review of all emergent 
class 1 operations at BC Children’s Hospital, Vancouver, 
from July 11, 2011, to July 30, 2016. We used data from 

the Operating Room Scheduling Office System, which is a 
prospective operating room database. Data collected 
included booking time, in-room time, incision time, date 
of surgery, procedure class, duration of surgery, surgeon 
and service, as well as patient diagnosis and demographic 
characteristics. We reviewed the electronic medical record 
and the hospital chart to collect information on pre
maturity, congenital heart disease and American Society of 
Anesthesiologists (ASA) classification.

We used the validated scores for Neonatal Acute Physi-
ology (SNAP II) and Pediatric Risk of Mortality (PRISM 
III) scoring systems to calculate mortality risk.10,11 Scores 
are calculated based on the most abnormal values in the 
24 hours preceding surgery. The SNAP II score includes 
mean blood pressure, lowest temperature, partial pressure 
of oxygen/fraction of inspired oxygen, serum pH, seizures 
and urine output; a score less than 20 is indicative of a low 
risk of death (< 5%). The PRISM III score is typically used 
for the pediatric population in the intensive care unit and 
includes systolic blood pressure, diastolic blood pressure, 
heart rate, respiratory rate, partial pressure of oxygen in 
arterial blood/fraction of inspired oxygen, partial pressure 
of carbon dioxide, Glasgow Coma Scale score and pupillary 
reaction, as well as laboratory parameters; a score less than 
6 is considered indicative of a low risk of death (< 5%). If 
laboratory variables used to calculate the SNAP  II or 
PRISM III score were not available, a normal value was 
assigned. We considered SNAP  II scores of 20 or more, 
and PRISM III scores of 6 or more to be indicative of a 
high risk for death. Patients were classified as being at high 
risk for death based on the appropriate mortality scoring 
and/or by an ASA classification of 3 or higher.

We calculated the duration from the time of booking to 
in room to determine whether the patient received surgical 
care within target. Cases for which booking time was not 
recorded were excluded.

For all patients, we collected time from booking to inci-
sion. For patients who died, data were also collected on the 
presence of active bleeding, shock and/or increased intra-
cranial pressure. Time from surgery to death was measured.

We collected major morbidity and mortality outcomes. 
We defined procedure-specific major morbidity as the 
unintended loss of a portion of a limb or organ, or a 
permanent deficit in the function of a limb or organ 
associated with class  1 booking (e.g.,  loss of a testicle in 

bloc opératoire était de 1,46 heure, contre 1,17 heure pour les autres. Après une cor-
rection en fonction du risque, l’analyse multivariée a révélé que les chirurgies réalisées 
en retard sont associées à une hausse de 85 % (rapport de cotes corrigé 1,85, intervalle 
de confiance à 95 % 1,20–2,94) des risques de morbidité et de mortalité comparative-
ment à celles réalisées dans les temps.

Conclusion : Le retard des chirurgies d’urgence est associé à une hausse significative 
de la morbidité majeure et de la mortalité. Les chirurgies pédiatriques d’urgence 
doivent être traitées en priorité par les équipes du bloc opératoire, mais aussi par les 
hôpitaux et les gouvernements, car les enfants continueront sinon de subir des con-
séquences imprévues.
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surgery for testicular torsion would be a major morbidity, 
but loss of the appendix for appendicitis would not). Mor-
bidities such as surgical site infections and urinary tract 
infections were not considered as procedure-specific major 
morbidities for this study. We assessed morbidities both 
per operation and per patient. To protect confidentiality 
for patients who died and had a delay to surgery, we 
revised patient diagnoses and procedures to a more generic 
description (e.g.,  the terms “brain tumour” and “craniot-
omy” were used instead of the specific site or type of brain 
tumour, and “intestinal perforation” and “laparotomy, 
intestinal resection” were used instead of anatomic location 
or reason for intestinal breach). If the date of death was not 
documented, we used the date of the last encounter as a 
surrogate. We calculated mortality on a per-patient basis.

In our institution, nursing staff is available nights and 
weekends in house (1 team), with a second team at home on 
call. Anesthesiology may have trainees in house, but this is 
variable, and attending anesthesiology staff have an expected 
maximum response time of 15 minutes to the hospital for 
cases after regular working hours. There is a second anes
thesiologist on call nights and weekends as well. There is also 
a dedicated cardiac nursing team with an anesthesiologist 
available for emergent cardiac surgery patients. Most surgical 
residents and fellows are on home call, as are staff surgeons. 
Staff surgeons also have an expected maximum response time 
of 15–20 minutes for emergencies when on call. Typically, 
there is no back-up call for staff surgeons.

There is no “emergency room” for emergent cases dur-
ing regular daytime hours at our institution. There is an 

“open access” room 4–5 days a week for urgent cases. This 
room is booked at 1000 the day prior. On weekdays, all 
nursing teams and anesthesiologists are assigned operating 
rooms. Thus, typically the only way for emergent cases to be 
completed during the day is if an elective or “open access” 
procedure finishes early, or a case is cancelled or bumped. 
These decisions are made by the anesthesiologist in charge.

Statistical analysis

The results are reported as median and range, or mean and 
standard deviation (SD). We performed descriptive, uni-
variate logistic regression (unadjusted odds ratios [ORs]) 
and multinomial logistic regression (adjusted ORs). The 
results are based on univariate logistic regression, multivar-
iate logistic regression and χ2 tests. We performed analyses 
using SPSS version 21 (IBM Corp.).

Results

During the study period, there were 384  surgical proced
ures in 367 patients. The median age was 4 years (range 
0 d–18 yr); 135 patients (36.8%) were infants aged 1 year or 
younger (Figure 1). The most common surgical services 
were  general surgery, neurosurgery and otolaryngology 
(Figure 2). Prematurity was a comorbidity in 31 patients 
(8.4%), congenital heart defects in 49 (13.4%) and both in 
9 (2.4%). Of the 384 procedures, 223 (58.1%) were classi-
fied as high risk, and 161 (41.9%) were classified as low risk. 
Of the high-risk group, 117 (52.4%) were in the operating 

Fig. 1. Distribution of cases by age.
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room within 1 hour from booking, compared to 83 (51.6%) 
in the low-risk group. The overall median and mean times 
from booking to in room were 1.67  hours (range 
0 h–18.8 h) and 2.07 hours (SD 1.46 h), respectively, for the 
high-risk group, and 1.33 hours (range 0.12 h–4.75 h) and 
2.08 hours (SD 1.72 h), respectively, for the low-risk group.

Major morbidity occurred in 94  cases (24.5%), and 
28 patients (7.6%) died; the latter were all in the high-risk 
group (Figure 3). Compared to the low-risk cases, the high-
risk cases had more than twice the odds (OR 2.15, 95% con-
fidence interval [CI] 1.34–3.45) of morbidity and/or mortal-
ity. Having a history of prematurity was associated with 

Fig. 3. Outcome based on mortality risk and delay to operating room. *Two patients had 2  class 1 operations, and 1 patient had 
5 class 1 operations. They were categorized as having a delay of more than 1 hour if any of their operations were delayed.

Emergent class 1 operations
n = 384

High-risk
n = 223

Low-risk
n = 161

> 1 h
n = 106
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n = 117
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Death*
(18 patients)
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Survival
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Fig. 2. Distribution of cases by surgical service. ANES = anesthesiology; CVS = cardiac surgery; DDS = dentistry; ENT = otolaryngol-
ogy; GAST = gastroenterology; GENL = pediatric surgery; NEUR = neurosurgery; OBGY = obstetrics and gynecology; ONC = oncol-
ogy; OPTH = ophthalmology; ORTH = orthopedic surgery; PLAS = plastic surgery; UROL = urology.
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increased mortality (p = 0.04); however, congenital heart dis-
ease was not (p = 0.2). The high-risk category was signifi-
cantly associated with mortality (p = 0.003). Patients who had 
a major morbidity and/or who died had greater median and 
mean times to the operating room (1.05  h, range 
0  h–13.67  h, and 1.46  h, SD 1.51  h, respectively) than 
patients with no major morbidity and/or mortality (0.88 h, 
range 0.08 h–18.80 h, and 1.17 h, SD 1.38 h, respectively). 
The median and mean time from booking to incision were 
1.05 hours (range 0.25 h–15.25 h) and 1.46 hours (SD 1.76 h) 
for those who experienced major morbidity and/or died, ver-
sus 0.85 hours (range 0.22 h–19.32 h) and 1.14 hours (SD 
1.45 h) for those who did not. These corresponding values 
for patients who did not survive versus those who did were 

1.83 hours (range 0.3 h–4.88 h) and 1.82 hours (SD 0.98 h) 
versus 1.43 hours (range 0.22 h–19.32 h) and 1.78 hours (SD 
1.61 h), respectively. After adjustment for risk level, multivar-
iate analysis showed time to the operating room of more than 
1 hour to be associated with 85% increased odds of morbid-
ity and/or mortality (adjusted OR 1.85, 95% CI 1.20–2.94) 
compared to time to the operating room within 1 hour. 
There was no association between morbidity or mortality 
and time from booking to incision (p = 0.1).

Most deaths occurred in infants who required general 
surgical, neurosurgical or cardiac surgical intervention; 
their median age was 0.4  years. Of the 28  patients who 
died, 18 experienced delays in transport to the operating 
room (Table 1).

Table 1. Pediatric patients with delayed class 1 surgery who died

Patient 
no. Age Diagnosis Procedure

Time from 
booking to 
operating 
room, h

Time from 
booking to 
incision, h

Active 
bleeding Shock

Increased 
intracranial 
pressure

Time 
from 

operating 
room to 

death, d*

1 2.5 yr Misplaced gastrostomy 
tube

Laparotomy, gastrostomy 
revision

1.73 2.20 No No No > 730

2† 1.7 yr Burn Burn débridement 1.47 2.22 No Yes No 4

3 0.2 mo Intestinal ischemia Laparotomy, intestinal 
resection

1.05 1.77 No Yes No 20

4 8.5 yr Intracranial hemorrhage Craniotomy 1.03 1.92 Yes No Yes 39

5 0 d Ruptured liver tumour Laparotomy, temporary 
abdominal closure

1.43 1.87 Yes Yes No 7

6 0.7 mo Necrotizing enterocolitis Laparotomy 2.17 2.30 No Yes No 61

7 4 mo Intestinal perforation Laparotomy, stoma 
formation

1.03 1.90 No Yes No 643

8 0.2 mo Cardiac tamponade Re-exploration of chest, clot 
evacuation

4.14 4.88 No Yes No 10

9 3.9 yr Brain tumour Craniotomy, tumour biopsy 24.00§ 24.00§ No No Yes 594

10 14.0 yr Intracranial hemorrhage Craniotomy, hematoma 
evacuation

2.30 1.77 Yes Yes Yes 6

11 3.6 yr Immunodeficiency Incision and drainage joints 1.33 3.00 No No No 45

12 0.1 mo Malrotation Laparotomy, intestinal 
resection

1.42 2.10 No Yes No 1

13 5 mo Airway obstruction Rigid bronchoscopy 1.05 1.28 No No No 19

14 5.0 yr Brain tumour Ventriculoperitoneal shunt 1.40 2.00 No No Yes 133

15 5.3 yr Traumatic brain injury Craniotomy, hematoma 
evacuation

1.08 2.00 Yes Yes Yes > 30

16 0.3 mo Necrotizing enterocolitis Laparotomy 2.58 3.25 No Yes No 27

1 mo Intestinal perforation Laparotomy 3.62 4.43 Yes Yes No 6

17‡ 1 mo Intestinal perforation Laparotomy 1.23 1.95 No Yes No 282

2 mo Intestinal perforation Laparotomy, intestinal 
resection, temporary 
abdominal closure

1.60 2.52 No Yes No 253

9 mo Upper gastrointestinal 
bleed

Upper gastrointestinal 
gastroscopy, VAC change

1.47 1.80 Yes Yes No 44

9 mo Retroperitoneal bleed Upper gastrointestinal 
gastroscopy, variceal 
sclerotherapy, VAC change

1.42 1.72 Yes Yes No 43

18 10 mo Abdominal compartment 
syndrome

Laparotomy, intestinal 
resection

1.50 1.92 No Yes No > 311

VAC = vacuum-assisted closure. 
*If the date of death was not recorded, the date of the last documented encounter was used. 
†Patient had second class 1 operation, with no delay to the operating room, 2 days after first class 1 operation (with delay). 
‡Patient had third class 1 operation, with no delay to the operating room, 6 days after second class 1 operation (with delay). 
§Patient arrived at operating room more than 24 hours from booking, and time was entered as 24 hours. From chart review, it appeared that the patient’s status had changed from initial 
booking and resulted in delay.
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Discussion

In our study, class 1 emergency surgery patients were able 
to access the operating room within the target window 
only 52% of the time. Patients at high risk for death were 
significantly more likely to experience major morbidity 
and/or death than those at low risk. Furthermore, in risk-
adjusted analysis, delay to the operating room was 
independently associated with a significant increase in 
major surgical morbidity and/or mortality. The results of 
this study have been shared with our operating room teams 
and leadership to explore possible solutions.

Evidence showing that delays to emergency surgery 
among adults are associated with adverse outcomes has 
been mounting for more than 2 decades in North Amer-
ica.5,7,12 Emergency access to the operating room during 
daytime hours when elective procedures are performed 
may pose a challenge. In the adult population, many cen-
tres now have dedicated operating rooms during the day-
time for emergency operations to improve access and out-
comes. In Canada, general surgery has led these efforts, 
and acute care surgery teams have been in place in many 
hospitals for more than a decade.13 Evidence from these 
centres has shown that this approach has improved timely 
surgical access for this critical group of patients without 
elective operations being cancelled, with potential cost sav-
ings to the health care system.13–16 Separation of surgical 
teams for elective surgery and emergency surgery has been 
shown to minimize disruptions and optimize efficiency for 
both patient groups.4 Having daily emergency lists 
improves access, and, in hospitals where use is a concern, 
half-days have been an effective alternative.4,17,18 Running 
rooms later into the evening or protecting time on the end 
of rosters are other approaches.17 At present, there is still 
no protected emergency time at our centre. Emergent 
cases currently go into the first available room, often dis-
rupting the flow of the booked schedule and resulting in 
the cancellation or postponement of elective procedures.

An important component of implementing any strategy 
for the care of patients who require emergency surgery is 
to use an evidence-based classification system.5 At the time 
of this study, our centre used a 4-class system: class  1 
(within ≤ 1 h), class 2 (within ≤ 6 h), class 3 (within ≤ 24 h) 
and class 4 (within ≤  72 h), with no defined category for 
immediate procedures. Furthermore, there was no auditing 
of case classifications to ensure they were congruent with 
the patient’s diagnosis and status. It is recognized that, for 
some specific diagnoses, such as active bleeding, increased 
intracranial pressure and unresponsive shock secondary to 
conditions such as abdominal compartment syndrome, 
each passing minute between diagnosis and incision 
increases mortality risk.5,12 Looking at time to incision as 
an independent predictor of adverse outcomes, Clarke and 
colleagues12 found a 1% increase in mortality among 
patients with trauma for every 3-minute delay to laparot-

omy for intra-abdominal bleeding. Arguably, with a more 
robust prioritization system in place, perhaps some of our 
patients would have been classified differently, and this 
may have facilitated an expedited time to the operating 
room, with improvement in outcomes.

In many circumstances for surgical patients with com-
plex conditions, the sicker the patient, the greater the dif-
ference between the time from booking to the patient 
entering the operating room, and the time from booking 
to incision. In the present study, we found no significant 
association between the time from booking to incision 
and mortality. However, the data did show that a number 
of patients at high risk for mortality had an “anesthetic 
time” (after arrival in the operating room and before inci-
sion) of more than an hour; the details about what this 
time was used for were not available. For some patients, 
particularly those at imminent risk of death, the anes-
thetic time may present in and of itself a risk to survival. 
However, for complex patients whose condition is stable 
(i.e., who are not actively bleeding, and do not have high 
intracranial pressure and/or unresponsive shock), in-
room anesthetic preparation including ensuring appropri-
ate access, volume status and product availability is cru-
cial to optimizing the patient’s outcome. Surgery booking 
classification systems that differentiate patients who need 
an operation within minutes to prevent death and those 
who need to get to the operating room emergently within 
an hour, coupled with clear communication among the 
surgical, anesthetic and nursing teams, are crucial to effi-
cient, safe surgical care.

Robust data capture of a surgical patient’s entire jour-
ney has shown other important components that influ-
ence outcomes. Process mapping has been used in emer-
gency general surgery as well as cardiac surgery to isolate 
each segment of a patient’s experience, measure the times 
and look for significant variability between sequence and 
timing for different patients at each stage of their surgical 
journey.19,20 An emergency general surgery model of care 
is an organizational structure that provides protected 
operating time for surgical emergencies, as well as struc-
tures and processes designed to improve the care of 
patients with general surgical emergencies.21 Evidence 
from hospitals using the emergency general surgery 
model shows important benefits, including decreases in 
time to surgical evaluation, time to the operating room, 
length of stay, morbidity, mortality, cost and nighttime 
operating.15,22,23

Despite the compelling evidence of the benefit to 
patients, health care teams and health care systems of pro-
tecting surgical resources for adult urgent/emergent 
patients, there is very limited literature on the use of this 
practice for children.3 Our group previously reported sig-
nificant increases in morbidity associated with repair 
of  esophageal atresia/tracheoesophageal fistula and pri-
mary radical nephrectomy when performed after daytime 
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working hours compared to within regular hours.24,25 It is 
not clear whether the increases in morbidity were related 
to factors associated with delay to operation or were 
secondary to system-related or fatigue-related factors. 
However, given the evidence, it seems clear that this group 
of children requires improved access and advocacy.

Although Canada is among the countries with the high-
est expenditure of health care dollars,26 its health care sys-
tem ranks at the bottom in many outcomes, particularly 
those related to access for patients.26 The gravity of the cri-
sis in access to surgical care in Canada is increasing: delays 
for patients who require elective surgery result in prevent-
able deaths.6 Similarly, delays in emergency surgery are 
associated with an increased rate of preventable death.7 
Urgent/emergency surgery and elective surgery seem to be 
in constant competition for a strained resource that is 
stretched beyond capacity, with patients ultimately paying 
the terrible price. Adults and children requiring emergency 
surgical care are arguably among the most vulnerable and 
least able to self-advocate of any patient in the entire 
health care system. The responsibility to advocate on their 
behalf and implement crucial changes for emergency sur-
gical patients rests with each health care provider, adminis-
trator and the health authority, as well as the provincial 
and federal governments.

Evidence from other institutions has shown improve-
ments in surgical access after internal audits and dissemin
ation of results to the teams27; however, at our institution, 
despite multiple presentations of the current evidence and 
our own data, there have been challenges in realizing any 
substantial improvements. There have been some positive 
changes, however. A new evidence-based surgical priori
tization system similar to that described by Kluger and 
colleagues5 has been adopted at our institution. There are 
now 5 priorities for urgent/emergent cases: E0 (immedi-
ate), E1 (< 1 h), E2 (< 6 h), E3 (< 12 h) and E4 (< 48 h). In 
addition, when our institution moved to a new hospital, in 
2018, we carried out a prospective analysis of all emer-
gency operations, collecting data on reasons for delay and 
whether the delay was deemed to have negatively affected 
patient outcome. Data for 12  months included more 
than 1300 cases, with an average of more than 4 urgent/
emergent (E0–E4) cases per day and 1–2 emergent (E0 or 
E1) cases per week. Not only were class  1 cases still 
most  likely to be delayed, but also there was a significant 
association between procedure-specific major morbidity 
and delay to the operating room. The most common rea-
son for delay was lack of an available operating room 
(unpublished data,  2018). These more recent data were 
similarly shared with the operating room teams and lead-
ership, but no major organizational changes occurred. 
Given the persistent unacceptable proportion of E0 and 
E1 patients still experiencing a delay to surgery, it was felt 
that sharing the data for patients from 2011 to 2016 more 
widely would prompt our hospital, government and other 

pediatric institutions to address any organizational barriers 
to access for urgent and emergent surgery.

There are now additional threats to this vulnerable 
patient population. Elective surgery recovery efforts in the 
shadow of COVID-19 have been underway across the 
country. These efforts have often included booking elect
ive cases until the evening and possibly even during the 
night, as well as weekends.28 Although there has been 
important advocacy to prioritize children’s elective surgery 
during the pandemic,29 recovery efforts should not further 
marginalize infants and children who require emergent or 
urgent surgical care. The omicron variant forced shut-
down of elective surgery in many provinces across Can-
ada,30 and the threat of subsequent COVID-19 waves 
affecting surgical access looms. With expectations of staff-
ing shortages added to the mounting burden of patients 
experiencing delayed surgical care,31 intentional protection 
of resources for emergency surgery for children must be 
initiated and sustained.

Limitations

Given our study’s retrospective nature, it is very difficult 
to ascertain the reasons for delay in patients’ getting to 
the operating room. The determination of whether delay 
was a potential factor leading to morbidity/mortality is 
challenging, especially in retrospect, without having 
input from the surgical team caring for the patient. 
Attributable morbidity and mortality is a more robust 
method and typically can be used when there is a rela-
tively uniform population experiencing (or not) a specific 
event or exposure with the use of matched cohorts.32 To 
our knowledge, there is no way of determining attribut-
able morbidity or mortality with such a heterogeneous 
population as in the current study. In addition, it is 
unknown whether some of the patients who arrived in 
the operating room within 1  hour should have under-
gone surgery sooner because of immediately life-
threatening conditions (such as bleeding or increased 
intracranial pressure). It is widely agreed that these 
patients are at imminent risk of death and require sur-
gery within minutes to save their lives.5,12 The SNAP II 
and PRISM III scoring systems are not typically used to 
predict mortality after surgery; rather, the scores are 
often calculated soon after birth and within hours of 
admission to the pediatric intensive care unit, respect
ively. Given this, we also used ASA classification of 3 or 
higher for patients whose risk level may not have been 
captured by the scoring systems. The ASA classification 
is a robust measure to stratify risk immediately before 
surgery, and a classification of 3 or higher has been 
shown to reliably predict increased postoperative mor-
bidity and mortality.33 Furthermore, there were likely 
some patients who were not appropriately categorized 
and could have safely had their surgery delayed past the 
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1-hour time frame. The present study focused only on 
the time from booking to the patient entering the oper-
ating room, and the time from booking to incision; thus, 
all data on times and events from the patient’s initial 
assessment to booking were unknown and may have had 
a significant impact on the patient’s outcome.

We have gathered only a small portion of the patient 
journey, and to make fully informed, meaningful improve-
ments, data from each step need to be collected. In addi-
tion, and importantly, we were unable to determine why 
patients were delayed to the operating room. At the time 
of the study, the operating rooms were in a building con-
structed in 1984, and lack of physical space was believed to 
be a major causative factor by many with whom these data 
were shared. Finally, the study data date back more than 
5  years and relate to surgical access in our old hospital, 
which had only 7 operating rooms. The results may not be 
generalizable to the outcomes of patients in the new build-
ing, which has 11 operating rooms, or to other institutions 
with greater operating room capacity.

Conclusion

In our study, an unacceptable proportion of infants and 
children who were in a surgical crisis and at immediate risk 
for loss of a limb or organ, or death did not receive timely 
surgical care. At the federal and provincial levels, action 
must be taken to prioritize, be accountable to and advocate 
for emergency surgery patients. Our most vulnerable sur-
gical patients are at great risk of experiencing barriers to 
surgical access; without commitment, measurement and 
accountability at all levels of health care, unintended harm 
will continue.
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