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Abstract

IMPORTANCE Delayed admission of patients with surgical emergencies to the operating room
occurs frequently and is associated with poor outcomes. In France, where 3 distinct organizational
pathways in hospitals exist (a dedicated emergency operating room and team [DET], a dedicated
operating room in a central operating theater [DOR], and no dedicated structure or team [NOR]),
neither the incidence nor the influence of delayed urgent surgery is known, and no guidelines are
available to date.

OBJECTIVE To examine the overall frequency of delayed admission of patients with surgical
emergencies to the operating room across the 3 organizational pathways in hospitals in France.

DESIGN, SETTING, AND PARTICIPANTS This prospective multicenter cohort study was conducted
in 10 French tertiary hospitals. All consecutive adult patients admitted for emergency surgery from
October 5 to 16, 2020, were included and prospectively monitored. Patients requiring pediatric
surgery, obstetrics, interventional radiology, or endoscopic procedures were excluded.

EXPOSURES Emergency surgery.

MAIN OUTCOMES AND MEASURES The main outcome was the global incidence of delayed
emergency surgery across 3 predefined organizational pathways: DET, DOR, and NOR. The ratio
between the actual time to surgery (observed duration between surgical indication and incision) and
the ideal time to surgery (predefined optimal duration between surgical indication and incision
according to the Non-Elective Surgery Triage classification) was calculated for each patient. Surgery
was considered delayed when this ratio was greater than 1.

RESULTS A total of 1149 patients were included (mean [SD] age, 55 [21] years; 685 [59.9%] males):
649 in the DET group, 320 in the DOR group, and 171 in the NOR group (missing data: n = 5). The
global frequency of surgical delay was 32.5% (95% CI, 29.8%-35.3%) and varied across the 3
organizational pathways: DET, 28.4% (95% CI, 24.8%-31.9%); DOR, 32.2% (95% CI, 27.0%-37.4%);
and NOR, 49.1% (95% CI, 41.6%-56.7%) (P < .001). The adjusted odds ratio for delay was 1.80 (95%
CI, 1.17-2.78) when comparing NOR with DET.

CONCLUSIONS AND RELEVANCE In this cohort study, the frequency of delayed emergency surgery
in France was 32.5%. Reduced delays were found in organizational pathways that included dedicated
theaters and teams. These preliminary results may pave the way for comprehensive large-scale
studies, from which results may potentially inform new guidelines for quicker and safer access to
emergency surgery.
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Introduction

Emergency surgery represents a significant and increasing proportion of operating activity in
institutions across the world and is even considered a specialty in some countries.1,2 In the US, more
than 3 million patients are admitted each year for urgent abdominal surgery, and the associated costs
are increasing.1,3

As opposed to elective care, emergencies are characterized by reduced preoperative time for
comprehensive patient workup optimization and team coordination. Emergency surgery is
associated with a higher risk of mortality and postoperative complications.4-6 Additionally,
organizational issues, such as staff unavailability, frequently delay emergency surgery. Delayed
emergency surgery is associated with increased risk of adverse events and complications.7-10 McIsaac
et al11 studied delayed access to surgery in a retrospective Canadian cohort in 2017. Among 15 000
emergency patients, 3000 underwent surgery with delay (20%); this delay was associated with
higher in-hospital mortality and length and cost of stay. The proportion of delayed surgical
emergencies is a benchmark proxy to investigate the performance of the health care system. To
address the challenge of timely access of emergent surgical cases to the operating room, dedicated
multidisciplinary standing operating teams and specific classifications for emergency surgery
facilitate the prioritization between urgent and nonurgent cases.12,13 Dedicated teams and risk
stratification networks optimize the use of resources,14-18 reducing the delay to emergency surgery
and complications.

In France, the incidence of delayed emergency surgery is unknown, and no guidelines are
available to date. Currently, 3 types of care pathways for emergency surgery predominate in France:
(1) an exclusive emergency theater with a dedicated emergency operating theater and team (DET);
(2) 1 (or more) dedicated emergency operating room in a shared, all-purpose, multidisciplinary
surgical theater (DOR); and (3) no dedicated emergency operating room (NOR), in which emergency
cases are integrated into the elective surgery workflow (absence of a dedicated pathway) (eFigure 1
in Supplement 1).

In consequence, it appeared necessary to study the frequency of delayed emergency surgery
depending on the 3 aforementioned organizational pathways in France. Based on the international
experience, we hypothesized that the DET pathway would be associated with reduced incidence of
delay and shorter time to surgery.14,19-24

Methods

Study Design and Patients
This prospective, multicenter cohort study took place in 10 French tertiary academic centers
(eAppendix 1 in Supplement 1) and followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline. The Comité de Protection des Personnes
Nord Ouest IV approved the study and waived informed consent, considering written information of
all patients as sufficient and in agreement with French legislation.25 All data sets were registered
with Lille University Hospital’s data protection officer.

During the study period, all consecutive adult patients admitted for emergency surgery and
with social security coverage were included from October 5 to 16, 2020. Urgent surgery was defined
as a condition requiring surgery within 72 hours. Patients requiring pediatric surgery, obstetrics,
endoscopy, or interventional radiology were excluded, as were patients under guardianship. Patients
enrolled in prospective studies were not recruited.

In all participating centers, data were prospectively retrieved from electronic patient records,
the emergency department, anesthetic records, electronic imaging systems, and operative reports.
Patients were monitored until their 30th postoperative day.
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Outcomes and Exposures
The main outcome was the global frequency of delayed admission to the operating room for patients
requiring urgent surgery. To determine this delay, 2 surgical times were labeled: the observed time,
or the actual time to surgery (aTTS), and the ideal time to surgery (iTTS). The aTTS was the time
observed between the decision in favor of an unequivocal, definitive need for surgery (surgical
indication), for example, after failure of a medical treatment or observation. This point in time was
indicated by the surgeon responsible for the surgery. In consequence, the aTTS was the time
between surgical indication and incision in the operating theater. The iTTS was the predefined
optimal time between surgical indication and incision according to the Non-Elective Surgery Triage
(NEST) classification. The NEST classification facilitates prioritization of surgical cases (eTable 1 in
Supplement 1)17 and comprises 6 decreasing levels of urgency (from 1, the most urgent, to 6, the least
urgent). Each NEST category is defined by an iTTS. A NEST class of 1 corresponds to life-saving
surgery and a NEST class of 6 to interventions to be performed within 72 hours. In consequence, any
case was considered as delayed and accounted for the primary outcome whenever the ratio of aTTS
to iTTS was greater than 1 (eFigure 2 in Supplement 1).

All of the most frequently performed emergency surgeries at Grenoble Alpes University
Hospital and Lille University Hospital were classified by a college of experienced surgeons from both
institutions according to NEST criteria to determine the iTTS and identify interventions not covered
by NEST. For surgeries not covered by NEST, the college defined an iTTS. The complete listing of
surgical emergencies with their respective iTTS was provided to each participating center to serve as
a template to calculate the delay (eAppendix 2 in Supplement 1). If a case with no predefined iTTS
was included, the attending surgeon determined the iTTS to the best of her or his abilities. For each
patient, the ratio was calculated using the iTTS or, if not available, the surgeon-determined iTTS.

Additionally, 5 clinical severity criteria (infectious, hemorrhagic, ischemic, neurological, and
multiple trauma) (eAppendix 3 in Supplement 1) were used to assess the surgical urgency of the
patient’s clinical condition (eFigure 3 in Supplement 1). The severity criteria were used to upgrade
patients.26 These criteria were applied after coordination between the attending surgeon and
anesthetist at their discretion before admission to the operating room.

The secondary objectives consisted of the frequency and importance of delay (according to the
aTTS to iTTS ratio) for each organizational pathway independent of age, sex, clinical severity criteria,
American Society of Anesthesiologists (ASA) physical status classification (range, 1-6, with higher
scores indicating more severe systemic disease and functional impairment),27 and NEST
classification; intrahospital mortality and postoperative complications according to the Clavien-
Dindo classification (class II to V) (eAppendix 4 in Supplement 1); and the association of delay with
morbidity and mortality, surgical workflow, and staff organization. The proxies for the association of
delay with surgical workflow corresponded to the number of cancellations, rescheduling of elective
or nonelective surgery, and secondary transfers of patients to hospitals with available operating
capacities. The proxy to assess the association of any delay with staff organization corresponded to
supplementary activation of staff and any increase in overtime. Causes of delay were classified into
patient-specific and organizational causes. The COVID-19 pandemic resulted in a specific cause of
delay: “waiting for COVID test results.” Follow-up ended on day 30.

Statistical Analysis
Categorical variables were expressed as frequencies and percentages. Quantitative variables were
expressed as means and SDs or medians and IQRs. Normality of distribution was verified graphically
and with the Shapiro-Wilk test. The delay rate was calculated with its 95% CI and compared across
the 3 organizational pathways using a multivariable logistic regression model adjusted for predefined
confounding factors: age, sex, clinical severity criteria, ASA classification, and NEST classification
(theoretical NEST or the surgeon’s NEST). Based on McIsaac et al,11 the expected frequency of delay
was approximately 18%. The investigators anticipated to estimate the theoretical frequency with a
precision of 2%, which relates to half of the 95% CI. To obtain this precision, the required sample size
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was 1500 patients. Associations of delay with intrahospital mortality and postoperative
complications were estimated using a multivariable logistic regression model adjusted for the
predefined confounding factors and the organizational pathway. Odds ratios (ORs) were estimated
with their 95% CIs. Length of hospital stay was estimated by the Kalbfleisch and Prentice method28

to consider death as a competing event and compared between delayed and not delayed operations
using a Fine and Gray competing risk regression model adjusted for the predefined confounding
factors and the organizational pathway. The hazard ratio was estimated with its 95% CI. Associations
of delay and pathway with surgical workflow and staff organization were estimated using a
multivariable logistic regression model including delay, pathway, and the predefined confounding
factors as covariates. Statistical testing was conducted at a 2-tailed significance level of P < .05. Data
were analyzed using SAS software, version 9.4 (SAS Institute).

Results

Population
In total, the study recruited 1149 patients; 5 patients (0.4%) were excluded because their center
dropped out of the study. Among the remaining 1144 patients, the mean (SD) age was 55 (21) years;
459 (40.1%) were female, 685 (59.9%) were male, and 418 (36.5%) had ASA class III or IV. A total of
649 (56.7%) were in the DET group, 320 (28.0%) in the DOR group, and 171 (15.3%) in the NOR
group. Figure 1 shows the flowchart of the study.

The epidemiological, clinical, and surgical profiles together with the NEST classification of the
included patients are reported in eTable 2 in Supplement 1. A predefined iTTS was appropriate for
only 799 of the 1144 surgeries (69.8%). Therefore, time to surgery was calculated using an iTTS
determined by the attending surgeon in the remaining 345 cases (30.2%) (eTable 2 in Supplement 1).

Primary and Secondary Outcomes
The global frequency of delayed admission to the operating room for patients requiring emergency
surgery (primary outcome) was 372 of 1144 cases (32.5%; 95% CI, 29.8%-35.3%). Figure 2 shows the
frequency and importance of delay as assessed by the aTTS to iTTS ratio for each organizational
pathway. The frequency of delay differed between pathways (28.4% [95% CI, 24.8%-31.9%] in DET,
32.2% [95% CI, 27.0%-37.4%] in DOR, and 49.1% [95% CI, 41.6%-56.7%] in NOR; P < .001) even
after adjustment for confounding variables. The ORs of delay were 1.80 (95% CI, 1.17-2.78) for NOR
vs DET and 0.91 (95% CI, 0.62-1.32) for DOR vs DET. Patients stratified to a NEST classification of 1 or
2 experienced more delays than patients stratified to a NEST class of 5 or 6 (OR, 54.78; 95% CI,
28.13-106.69; P < .001) (Figure 3); this result was similar for patients stratified to NEST class 3 or 4 vs
NEST class 5 or 6 (OR, 2.54; 95% CI, 1.71-3.79; P < .001) (Figure 3).

The unadjusted complication rate was 29.7% (95% CI, 26.2%-33.3%) in the DET group, 27.6%
(95% CI, 22.6%-32.5%) in the DOR group, and 40.9% (95% CI, 33.5%-48.4%) in the NOR group. The

Figure 1. Flowchart of the Study

1144 Patients

5 Patients from 1 center excluded

649 In DET

772 Patients without delay 372 Patients with delay

320 In DOR 171 In NOR

1149 Patients from 10 centers from October 5 to 16, 2020

DET indicates dedicated emergency theater and team;
DOR, dedicated emergency operating room; and NOR,
no dedicated emergency operating room or team.
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unadjusted mortality rate was 14.1% (95% CI, 11.4%-16.9%) for DET, 16.8% (95% CI, 12.6%-21.0%) for
DOR, and 27.4% (95% CI, 20.6%-34.2%) for NOR.

After adjustment for confounding factors, the rates of intrahospital mortality and postoperative
complications (Clavien-Dindo class II-V) did not differ significantly between the patients who
underwent surgery with a delay and those who underwent surgery without delay (with delay: OR,
1.09 [95% CI, 0.65-1.83]; adjusted P = .75; without delay: OR, 1.09 [95% CI, 0.76-1.56]; adjusted
P = .62). The length of hospital stay did not differ (OR for the risk of hospital discharge: 0.94; 95% CI,
0.79-1.12; adjusted P = .49).

Table 1 summarizes the analysis of the association of delayed emergency surgery and the
pathway with overall surgical workflow (canceled or rescheduled elective surgery, transfer to another
theater or hospital). Delayed interventions were associated with a higher risk of rescheduled or
canceled elective surgery (adjusted OR, 2.27; 95% CI, 1.51-3.40). The DOR pathway was associated
with a lower risk of influence on surgical flow compared with DET (adjusted OR, 0.58; 95% CI, 0.38-
0.87). No difference was shown between DET and NOR concerning surgical workflow. The

Figure 2. Frequency and Importance of Delay in Dedicated Emergency Theater and Team (DET),
Dedicated Emergency Operating Room (DOR), and No Dedicated Emergency Operating Room (NOR) Pathways
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Figure 3. Actual Time to Surgery (aTTS) to Ideal Time to Surgery (iTTS) Ratio per Non-Elective Surgery Triage (NEST) Category

100

80

60

40

20

0

Pa
tie

nt
s,

 %

aTTS:iTTS
≤1 (no delay) 2:31:2 3:4 7:85:64:5 9:108:9 >106:7

1 2 3 4 5 6

NEST

The NEST classification comprises 6 decreasing levels of urgency (from 1, the most urgent, to 6, the least urgent).

JAMA Network Open | Critical Care Medicine Association of Organizational Pathways With the Delay of Emergency Surgery

JAMA Network Open. 2023;6(4):e238145. doi:10.1001/jamanetworkopen.2023.8145 (Reprinted) April 13, 2023 5/11

Downloaded from jamanetwork.com by guest on 12/19/2023



investigation did not find a measurable association of delay and surgical pathway with staff
organization.

Table 2 shows the results of analysis for the association of delayed emergency surgery and the
organizational pathway with staff organization (additional staff for backup, overtime). No difference
was shown for any of the 3 pathways.

Organizational issues accounted for 188 of 372 delayed admissions (50.5%) and concerned
mainly the availability of operating rooms and clinical staff. Organizational issues were not
significantly associated with any of the 3 surgical pathways. Issues relating to patient management
(additional examinations, SARS-CoV-2 test results, and medical optimization of the patient) were
more frequent (235 of 372 [63.2%]). In 8 cases (2.2%), delay resulted from a combination of patient
management and organizational issues.

Discussion

This prospective cohort study showed a global frequency of delayed emergency surgery in France of
32.5% across 3 distinct organizational pathways. The difference was significant between the DET
(28.4%) and NOR (49.1%) pathways. Complications and mortality were not different between
patients who underwent surgery with or without delay, but the study was not powered to show such
differences. The strength of the present study consists of the multicenter assessment of delay across
3 distinct organizational pathways across surgical specialties.

The observed frequency of surgical delay was higher than the rate described by McIsaac et al.11

Those authors did not explore organizational pathways. Restricting the comparison between the
data from McIsaac et al11 and the current study’s DOR pathway demonstrated a greater rate of delay
in the present study (32.2%) vs 18.6% in the other study. Of note, the study by McIsaac et al11

excluded cases with a delay exceeding the iTTS by 3 times and, in consequence, may have
underestimated overall delay. In comparison, Schneider et al7 observed a delay in 36.9% of cases
exploring a DOR pathway. Schneider et al7 included exclusively patients with emergency laparotomy,
which may not allow a direct comparison with the present study.

Table 1. Association of Interventions With Impaired Surgical Workflowa

Interventions, No./total No. (%)
(N = 192) OR (95% CI)b P value

Delayed

No 92/767 (12.0) 1 [Reference]
<.001

Yes 100/372 (26.9) 2.27 (1.51-3.40)

Pathway

DET 119/649 (18.3) 1 [Reference]

.03DOR 42/320 (13.1) 0.58 (0.38-0.87)

NOR 31/171 (18.1) 0.80 (0.50-1.29)

Abbreviations: DET, dedicated emergency theater and
team; DOR, dedicated emergency operating room;
NOR, absence of a dedicated emergency operating
room; OR, odds ratio.
a Impaired workflow included canceled or rescheduled

surgery or transfer to other theater or hospital.
b Odds ratios were calculated for operations that

modified the surgical flow vs those that did not and
were adjusted on predefined confounding variables
(age, sex, clinical severity criteria, American Society
of Anesthesiologists physical status classification,
and Non-Elective Surgery Triage score).

Table 2. Association of Interventions With Impaired Staff Organization, Including Backup and Overtime

Interventions, No./total No. (%) OR (95% CI)a P value
Delayed (n = 208)

No 111/767 (14.5) 1 [Reference]
.38

Yes 97/372 (26.1) 1.20 (0.80-1.80)

Pathway (n = 207)

DET 119/649 (18.3) 1 [Reference]

.054DOR 64/320 (20.0) 0.98 (0.68-1.41)

NOR 24/171 (14.0) 0.54 (0.32-0.90)

Abbreviations: DET, dedicated emergency theater and
team; DOR, dedicated emergency operating room;
NOR, absence of a dedicated emergency operating
room or team; OR, odds ratio.
a Odds ratios were calculated for operations that

modified the staff organization vs those that did not
and were adjusted on predefined confounding
factors: age, sex, clinical severity criteria, American
Society of Anesthesiologists physical status
classification, and Non-Elective Surgery Triage score.
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In the present study, the most urgent cases were often surgically treated with delay. This
compares unfavorably with a study from Koivukangas et al29 that showed that a higher degree of
urgency was associated with increased chance for the patient to undergo surgery in a timely manner.
However, Koivukangas et al29 defined a 3-hour time frame for the most urgent cases. In the present
study, patients in the NEST 1 category were supposed to undergo surgery within 30 minutes. This
time frame is challenging even for dedicated and trained teams. Patients in the NEST 1 or 2 category
were often clinically unstable; in consequence, their condition sometimes required stabilization to
perform the surgery safely, leading to a long delay. An important proportion of delays concerned
aTTS to iTTS ratios of 1 to 2 or 2 to 3 (Figure 3). These delays may appear minor or may in part be
explained by clinical reasoning and due process. The aTTS-iTTS method attempted to reduce any
delay induced by observation and waiting for a medical treatment to work. Figure 3 also shows that
the delays concerned mainly cases in NEST categories 1 and 2, for which small delays can induce
considerable clinical impact.

To reduce the risk for delay, some teams have suggested the use of dedicated pathways for
specific indications such as emergency laparotomy.30 In 1 study, time to surgery was reduced if the
patient was examined at admission by an emergency surgeon.31 In the US, emergency surgery is a
surgical specialty with specific training; this emphasizes the importance of a dedicated team.2,32-36 In
the study by McIsaac et al,11 more urgent operations (41.4%), lack of staff (31.7%), and the need for
patient examination or care (13.6%) were the main causes of delay. Cosgrove et al19 documented the
unavailability of a surgeon as the main cause of delay (15.6%).

In terms of organizational factors, the NOR pathway was associated with an increased delay
compared with the DET pathway. Other groups observed the same phenomenon after
implementation of a DET in their institutions.14,37,38 Wanis et al14 documented a reduction in time to
surgery from 3.7 to 3.2 hours (P = .02) and Sarmiento Altamirano et al37 from 10.6 to 3.2 hours in
general surgery and 6.3 to 1.6 hours in traumatology (P < .05). In another study, a DET pathway was
associated with increased operating room occupation from 57% to 69% (P < .001) and reduced
nighttime occupation by 26% (P = .007), improving working conditions.39

The available evidence suggests that in addition to dedicated pathways, individualized risk
assessment and triage and active, dedicated fast-track pathways are associated with improved
management of high-risk patients based on clinical score.26,40 The advantage of a specific score
would facilitate communication between all involved clinicians. Existing mortality prediction tools do
not seem well suited since they do not account for the aforementioned causes of delay.41 Such a
score should be a future avenue of research.

The present study did not demonstrate any measurable association of delay with either
intrahospital mortality or postoperative complications, probably due to a lack of power and
inappropriate design. Morbidity and mortality rates were higher than those observed by McIsaac
et al11 but similar to those in other studies.6,42 Previous studies concluded that a DET pathway was
associated with reduced complications, mortality, and length and cost of stay.20,21,39,43

Limitations
In terms of limitations, the number of patients included (n = 1144) did not reach the initial objective
(n = 1500). This was likely due to the difficulty to predict the number of patients undergoing surgery
in each center and to 1 center dropping out. This limitation did not prevent the main objective from
being achieved, and a higher incidence of delay than expected was found when exploring the 3
distinct pathways. The time to surgery assessed by the surgeon was not always in agreement with
the iTTS proposed by the experts for the study. Often, surgeons considered the case to be more
urgent than the categorization suggested. In the literature, the definitions of iTTS and delay to
surgery vary among authors, which limits the reliability of comparisons between studies. As with any
classification, the NEST categorization of a single patient into one or another category results from
an arbitrary clinical gestalt. Categorization into a high-priority class but delayed surgery may not
necessarily translate into adverse clinical consequences. This circumstance applies to any
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classification and is not specific to the NEST system. The investigators considered international
comparability as a priority.44-46

Conclusions

In this cohort study, the global frequency of delayed admission to the operating room for patients
requiring emergency surgery was 32.5% for 3 distinct surgical pathways and across different surgical
specialties. There seemed to be an advantage to reduced delay with a dedicated pathway either with
a DET or DOR compared with NOR. Reduced delay to emergency surgery may be associated with
improved patient outcomes and may facilitate appropriate resource use and allocation. The present
results require confirmation in a large, multicenter study to inform national guidelines.
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