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Abstract 

 

Introduction: Acute Care Surgery (ACS) is a new model of emergency general surgery 

care that was developed to provide prompt, comprehensive, and evidence-based care to 

acutely ill non-trauma surgical patients. Our objective was to determine the impact of 

implementing ACS on efficiency of care (EOC) and patient outcomes. 

 

Methods: This was a retrospective chart review of patients admitted with acute 

appendicitis (AA) and biliary tract disease (BTD). EOC measures and patient outcomes 

were compared over two one-year time periods: pre-ACS (2007) and established St. 

Boniface ACS (2011). 

 

Results: A total of n=1,229 patients were included in this study; n=507 were in the pre-

ACS cohort, and n=722 were in the ACS cohort. The cohorts were similar on most 

baseline demographic information. Surgical response times and acquisition of imaging 

were significantly faster with ACS. Time to OR and total hospital length of stay were 

similar between cohorts. Similar rates of daytime operating were present between 

cohorts, but significantly more appendectomies occurred at night with ACS. The ACS 

cohort had significantly more perforated appendices and AA readmissions.  

 

Conclusions: Despite the increased volume of patients seen with the implementation of 

ACS, surgical assessments and diagnostic imaging were significantly more prompt. 

Inpatient EOC measures were unchanged with ACS, and outcomes for AA were worse.
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Chapter 1: Introduction 

 

 In 1966, the National Academy of Sciences published a landmark paper which 

branded accidental injuries as “the neglected epidemic of modern society” and the 

“nation’s most important environmental health problem” (NAS, 1966). According to this 

report, one of the most important elements in the prevention of death and permanent 

disability is the reduction of time between the receipt of injury and the initiation of 

medical care (NAS, 1966). This exposed the need for a systematic and organized 

approach to the care of injured patients and led to the development of the Emergency 

Medical Services system. Highly organized trauma systems have ultimately emerged that 

continue to have a significant impact on patient mortality (MacKenzie et al., 2006). 

The public health burden presented by emergency general surgery (EGS) mirrors 

the epidemic of traumatic injuries. Emergency department (ED) overcrowding is a 

widespread problem with adverse consequences, both in the United States and Canada. 

ED overcrowding occurs when the demand for acute care exceeds the ability of health 

care professionals to provide timely and quality care (CAEP, 2001). Effects of 

overcrowding include long waiting times, patient and physician dissatisfaction, 

ambulance diversions, and greater risk for poor patient outcomes (CAEP, 2001). In 2011-

2012, there were approximately 16.2 million ED visits in Canada, with 55% of these 

visits triaged as urgent or emergent. The most common ED presenting complaint was 

abdominal or pelvic pain (CIH, 2012). In the United States, more than 3 million patients 

are admitted to hospital each year with EGS conditions (Gale et al., 2014). Also in the 

US, EGS affects more than 1,290 of 100,000 persons per year; this far exceeds the 
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populations affected by new-onset diabetes mellitus (899 of 1,000,000 persons per year) 

and newly diagnosed cancers (650 of 1,000,000 persons per year) (Gale et al., 2014). 

Emergency facilities will see the number and complexity of patients requiring EGS 

services increase as the population ages. In both the US and Canada, EGS accounts for a 

substantial proportion of ED presentations and contributes to the increasing inability of 

hospitals to provide timely emergency care (Hameed et al., 2010).  

 In addition to encompassing an immense burden of disease, EGS patients are also 

uniquely challenging to manage. EGS has historically been difficult to define because it 

encompasses a spectrum of illnesses with very diverse pathology, including almost any 

diagnosis that can culminate in abdominal sepsis. The main uniting factor in this patient 

population is the urgency with which they require intervention. EGS patients also tend to 

be older, have significant comorbidities, and often present in a state of physiologic 

compromise from which they may rapidly deteriorate (Gale et al., 2014). Preoperative 

evaluation and optimization are therefore limited, leaving these patients particularly 

prone to poor outcomes.   

 Multiple studies have demonstrated the association between EGS and negative 

outcomes, including higher rates of major complications and death (Akinbami et al., 

2011; Havens et al., 2015; Ingraham et al., 2010; Matsuyama et al., 2013; Patel et al., 

2013; Shah et al., 2015; Sorensen et al., 2007). When compared with elective operations, 

patients undergoing emergency open gastrointestinal surgery are up to five times more 

likely to die within 30 days of their operation; they also experience minor and major 

complications three times as often as their elective counterparts (Sorensen et al., 2007). 

Patients undergoing EGS for ulcerative colitis experience significantly longer hospital 
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stays, higher rates of surgical site infections, and increased respiratory, renal, cardiac, 

hematologic, and infectious complications. These patients also have a higher frequency of 

returning to the operating room and significantly higher 30-day mortality when compared 

to elective cases (Patel et al., 2013). The increased morbidity and mortality of EGS is 

often attributed to patient factors, including advanced age, the presence of multiple and 

severe comorbidities, and acute physiologic derangements at presentation. Factors 

associated with the surgery itself, including surgeries occurring at night and prolonged 

operative duration, also make patients more susceptible to postoperative morbidity and 

mortality in the emergency setting (Matsuyama et al., 2013).  

 Despite the fact that they represent a large public health burden and are the most 

at-risk surgical candidates, EGS patients have historically been a largely ignored and 

fragmented population. Until recently, provision of non-trauma surgical care stood in 

stark contrast to the highly developed system of trauma care. The traditional model of 

care for EGS was an “on-call” system. A surgeon managed all incoming surgical 

emergencies for 24 hours while simultaneously working within the demands of their 

scheduled elective practice. The on-call surgeon would not necessarily be on-site when 

consulted on a patient, resulting in potential delays in patient assessment, ordering of 

supplemental investigations, and admission to hospital. Patients requiring an emergent 

operation would either interrupt an elective slate or would be delayed until a theatre 

became available. Evening and nighttime operating, while not ideal, were often 

preferable to cancelling elective cases. There was also a high likelihood that the on-call 

surgeon would have to engage in elective clinical obligations post-call. The traditional 

model therefore required surgeons to simultaneously balance EGS on-call duties with the 
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usual demands of scheduled surgery and clinics. In addition to this being a significant 

strain and source of fatigue for those participating in EGS coverage, conflict arose 

between providing prompt care of unpredictable surgical emergencies and timely 

completion of scheduled clinical work. These conflicting demands inevitably culminated 

in the provision of suboptimal care of EGS patients or delays in completion of work in an 

elective practice. 

Under the traditional model, EGS patients were admitted under the service of the 

on-call surgeon. This served to further marginalize this population by distributing them 

across numerous subspecialty services in the hospital. Each subspecialty service had its 

own primary clinical and academic interests, which did not necessarily include the 

evidence-based care of acutely ill general surgery patients. Similarly, fellowships 

dedicated to EGS and research aimed at establishing clinical standards of care were not 

prevalent, again hindering the quality of care being delivered. 

 The adoption of trauma systems nearly forty years ago revolutionized the care of 

critically injured patients. EGS patients are an equally prevalent and complex population 

of patients, and it became increasingly clear that a new model of care was required to 

streamline their management, improve hospital efficiencies, and enhance outcomes. The 

acute care surgery model in Canada was developed as a response to growing concerns 

with the traditional paradigm of EGS care. 

 Acute care surgery (ACS) is broadly defined as clinical service teams that are 

dedicated to the prompt, comprehensive, and evidence-based care of acutely ill general 

surgery patients. The ACS model represents a change in the organization and staffing of 

general surgery services across North America. While loco-regional and national 
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variation exists, several common elements of an ACS service are agreed upon. A 

consultant leads the ACS service for a defined period of time, generally one week in 

duration. During this time, the consultant is on-site and available to provide clinical 

support to all stages of patient care. The consultant is relieved from all elective duties 

while leading the ACS service. There is complete separation of emergency and elective 

pathways, with most ACS services having dedicated operating room time for emergency 

surgical cases. The ACS model is a multidisciplinary team based approach, with 

residents, nurses, physician assistants and other allied health professionals involved in the 

care of ACS patients.   

 With the institution of ACS in Winnipeg, there was consolidation of emergency 

surgery care in three hospitals. The Acute Care Surgical Service (ACSS) is the largest 

ACS service in Winnipeg, and was established at St. Boniface General Hospital (SBGH) 

in April, 2008. As a result of regionalization of care, ACSS saw a 221% increase in 

patient volume after its inception (Faryniuk et al., 2013). A surgeon leads the ACSS team 

for a seven-day period from Monday to Sunday, 08:00 to 16:00. A separate surgeon 

manages the service overnight on home call. The call pool in 2011 consisted of twelve 

general surgeons, each of whom took turns leading ACSS on a weekly rotating basis. 

Sign-over between duty surgeons occurs in an informal manner. A dedicated resident 

team, generally with a single senior general surgery resident and a varying number of 

junior residents, staff the ACS service for four-week periods at a time. During the time 

this study was conducted, there were no nurse practitioners or physician assistants on 

ACSS. Two assessment beds are available exclusively for ACSS and are used at the 

discretion of the duty surgeon. Patients from referral sites that are considered clinically 
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stable are triaged by the duty surgeon and assessed directly by an ACSS team member in 

the assessment room, thereby bypassing the emergency department.  In 2011, ACSS had 

a dedicated daytime operating room during the week, from 07:30 to 16:00. Operating 

room time was shared with other surgical services in the evenings and on weekends on a 

case-priority basis.  

  The impetus to create ACS in Canada arose from the developing crisis of 

emergency care access, increasing subspecialization with fewer surgeons willing to cover 

EGS call, and concern regarding the disjointed and substandard care of acutely ill general 

surgery patients. The proposed benefits of the ACS model address these concerns. A 

well-organized, dedicated ACS team with continual on-site presence in conjunction with 

a consultant with protected time should increase efficiency in the delivery of care to EGS 

patients. Specifically, this team-based approach should lead to faster assessments of 

surgical consults, decreased time to hospital admission and improved throughput in the 

ED (Beardsley et al., 2014; Cubas et al., 2012; Faryniuk et al., 2013; Qureshi et al., 

2011). With a dedicated ACS OR and surgeon, a patient’s time to operation should also 

decrease (Beardsley et al., 2014; Cubas et al., 2012; Earley et al., 2006; Lau et al., 2011; 

Lehane et al., 2010; Michailidou et al., 2014; Milzman et al., 2010; Pepingco et al., 2012; 

Wanis et al., 2014). Additionally, a dedicated OR should allow more emergency cases to 

occur during daytime hours (Brockman et al., 2013; Gandy et al., 2010; Lau et al., 2011; 

Pepingco et al., 2012; Pillai et al., 2013; Poh et al., 2013; Suen et al., 2014; Wanis et al., 

2014). This has the potential to improve the quality of care delivered to EGS patients as a 

more awake and alert surgical team could lead to minimization of human errors 

secondary to fatigue (Cubas et al., 2012). Finally, improvements in timeliness of patient 
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care with ACS are proposed to translate into fewer patient complications and overall 

enhanced outcomes (Earley et al., 2006; Gandy et al., 2010; Lau et al., 2011; Lehane et 

al., 2010; Michailidou et al., 2014; Milzman et al., 2010). A reduction in complications 

in addition to improved pre-operative timeliness of care should result in decreased total 

hospital length of stay (LOS) with attendant cost benefits to the hospital and health care 

system as a whole (Cubas et al., 2012; Earley et al., 2006; Lehane et al., 2010; 

Michailidou et al., 2014; Perry et al., 2010; Pillai et al., 2013).  

 Over the past decade, there has been a groundswell of support for the acute care 

surgery model. As of 2009, there were thirteen ACS services across Canada (Hameed et 

al., 2010). These services are hypothesized to improve the timeliness of care provided to 

patients as well as enhancing outcomes. The implementation of and support for this 

model has led to invigorated interest in acute care surgery fellowships, dedicated ACS 

conferences, and research establishing evidence-based guidelines for the care of 

emergency general surgery patients. In an era of increasing subspecialization, ACS may 

serve as a unifying force in general surgery and a platform from which to advocate for a 

unique and vulnerable patient population (Hameed et al., 2010). Drawing from the 

“golden hour” concept that precipitated the establishment of trauma systems, the 

development of acute care surgery hinges on the belief that rapid intervention can 

minimize patient morbidity and mortality. The degree to which the ACS model can 

deliver on this proposition continues to be debated in current literature, and is the focus of 

this master’s thesis.  
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Chapter 2: Systematic Review of the Literature 

  

 A systematic review of the literature was performed with the objective to identify 

whether an acute care surgery model is associated with greater efficiency in delivery of 

care and improved outcomes when compared with the traditional model. The Preferred 

Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guidelines were 

followed where possible in performing this review. 

 

Search Strategy 

A professional health science librarian performed a systematic search of the 

literature across a number of relevant databases. While searches varied in keeping with 

the options available within each database, a combination of controlled vocabulary and 

keyword queries were used in most cases. The title, abstract and subject heading (if 

applicable) fields were searched in all cases. Most commonly used subject headings 

included: Emergency Medical Services; Emergency Service, Hospital; Triage; 

Specialties, Surgical; Acute Diseases; Appendicitis; Cholecystitis and Intestinal 

Obstruction. A series of keyword strategies were created to access literature focusing on 

the concept of emergency department (services) surgery, acute surgery, appendicitis, 

cholecystitis, and bowel obstruction to ensure that all relevant studies were captured in 

the search. The following databases were searched from their earliest date of coverage 

through May 15, 2014: MEDLINE (Ovid), Embase (Ovid), SCOPUS, Web of Science 

(Core Collection). No language restrictions were used in either the search or study 
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selection. The reference lists of relevant articles were also searched for appropriate 

studies. A search for unpublished literature was not performed.  

 

Study Selection 

Studies included in this review had to compare an ACS model with a pre-existing 

or traditional model of care. Studies also had to include a quantitative outcome 

evaluation. Studies that featured outcomes for an ACS model with no comparator were 

excluded. Similarly, qualitative studies were excluded. Primary outcomes for evaluating 

efficiency of care were surgical response time, time to operation, and total hospital LOS. 

The primary outcome for evaluating patient outcomes was total complication rate. 

Secondary outcomes included in this review were appendix perforation rate and operative 

time of day. Studies that reported on at least one of the above primary outcomes were 

included in the review.  

Possible studies for inclusion were identified from the abstracts of the initial 

search and were selected according to the inclusion criteria after reading the full text. 

Two reviewers, the primary author and a surgical resident, chose papers for inclusion 

independently. Once the studies for inclusion were chosen, the reviewers compared their 

choices and resolved discrepancies. A third reviewer, the primary author’s research 

supervisor, resolved outstanding discrepancies. The same two reviewers independently 

abstracted data from included studies using a standardized data extraction form based on 

the Cochrane Effective Practice and Organization of Care (EPOC) data collection 

checklist.  
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Data Analysis 

The data for the systematic review were initially compiled in a descriptive 

fashion. For the meta-analysis, data for the variable “time to OR” were extracted and 

entered into RevMan 4.3. This specific variable was chosen because there were eight 

studies that defined this variable in the same manner, and this degree of agreement was 

not present with any of the other efficiency of care measures that were studied. Individual 

and summary odds ratios with 95% confidence intervals (CI) were calculated using a 

random-effects model and represented in a standard Forest plot. Statistically significant 

heterogeneity amongst the studies was calculated using the chi-square test with the 

relevant degrees of freedom.  

 

Results: Study Characteristics 

 The original search strategy yielded 3,266 studies. Of these, 19 met full criteria 

for inclusion. Characteristics of the studies included in the systematic review and meta-

analysis are summarized in Appendix 1. All studies were retrospective in nature with 

pre/post designs. Three studies were Canadian, seven were from the United States, and 

nine were from Australia or New Zealand. Ten studies evaluated patients with a diagnosis 

of acute appendicitis, five studies dealt exclusively with biliary disease, and three 

included patients with multiple diagnoses (a combination of biliary disease, acute 

appendicitis and small bowel obstruction). One study evaluated all-comers without 

excluding patients based on diagnosis. Descriptive results of the included studies are also 

shown in Appendix 1. 
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Results: Efficiency of Care 

 The primary outcomes for evaluating efficiency of care were surgical response 

time, time to OR and hospital LOS.  

Of the 19 included studies, four evaluated surgical response time (Beardsley et 

al., 2014; Cubas et al., 2012; Faryniuk et al., 2013; Qureshi et al., 2011). There was 

significant heterogeneity in how each study defined this measure. Beardsley et al. and 

Cubas et al. defined surgical response time as the interval between a patient’s arrival at 

triage and their evaluation by the surgical team; Beardlsey et al. additionally measured 

the time from ED assessment to surgical evaluation. Faryniuk et al. evaluated the time 

from ED consultation to surgical assessment, while Qureshi et al. measured the time from 

ED consultation to the time the surgical team decided to admit the patient. Given this 

variation, a pooled result for surgical response time was not calculated. When compared 

with a traditional model of care, an ACS model was associated with significantly 

decreased surgical response time in all four studies (Table 1).  
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Table 1: Summary of Surgical Response Time Results 

Study Traditional Model 
(mean hours) 

ACS Model 
(mean hours) 

Mean Time 
Reduction (hours) 

Beardsley1 6.12 4.98 1.14 

Cubas 
6.601 4.401 2.191 

12.02 6.02 5.842 

Faryniuk3 1.72 0.82 0.90 

Qureshi1 5.63 3.17 2.46 

1 = acute appendicitis 
2 = acute cholecystitis 
3 = multiple diagnoses 

 

Time to OR was assessed in 17 of the included studies (Beardsley et al., 2014; 

Britt et al., 2010; Cubas et al., 2012; Earley et al., 2006; Ekeh et al., 2008; Faryniuk et 

al., 2013; Gandy et al., 2010; Lau et al., 2011; Lehane et al., 2010; Michailidou et al., 

2014; Milzman et al., 2010; Pepingco et al., 2012; Pillai et al., 2013; Poh et al., 2013; 

Qureshi et al., 2011; Suen et al., 2014; Wanis et al., 2014). Time to OR was also defined 

differently amongst these studies. The interval between triage registration and operative 

start was the most common definition, being utilized in eight studies. The remainder of 

the studies used a variety of start times other than triage registration, including time of 

surgical consultation, surgical diagnosis, surgical evaluation, admission, and booking 

request. Of note, Pepingco et al. defined this time interval as median time to definitive 

procedure, which may include time to interventions such as ERCP rather than an OR. 

Time to OR was significantly decreased with an ACS service in 9 out of 17 studies. Time 
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to OR was significantly increased in one study (Suen et al., 2014). The significant results 

for time to OR are summarized in Table 2.  

 

Table 2: Summary of Time to OR Results 

Study Traditional Model 
(mean hours) 

ACS Model 
(mean hours) 

Mean Time 
Change (hours) 

Beardsley1 26.5 24.5 -2.0 

Cubas 
16.41 11.01 -5.41 

60.02 34.02 -25.42 

Earley1 14.0 10.1 -3.9 

Lau2 35.0 24.6 -10.4 

Lehane2 48.0* 24.0* -24.0 

Michailidou2 25.7 20.8 -4.9 

Milzman1 1.6 0.6 -1.0 

Pepingco2 134.4* 50.4* -84.0* 

Suen1 15.0 18.0 +3.0 

Wanis3 3.7 3.2 -0.5 

1 = acute appendicitis 
2 = acute cholecystitis 
3 = multiple diagnoses 
* denotes median time 
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Length of hospital stay was assessed in 16 studies (Britt et al., 2010; Brockman et 

al., 2013; Cubas et al., 2012; Earley et al., 2006; Faryniuk et al., 2013; Gandy et al., 

2010; Lau et al., 2011; Lehane et al., 2010; Michailidou et al., 2014; Milzman et al., 

2010; Pepingco et al., 2012; Perry et al., 2010; Pillai et al., 2013; Poh et al., 2013; 

Qureshi et al., 2011; Suen et al., 2014). This efficiency of care measure was generally not 

clearly defined. Among studies that provided definitions, three looked at the time interval 

from inpatient admission to discharge, two considered the time from triage to discharge, 

and one measured ED arrival to discharge. With an ACS model in place, LOS was 

significantly decreased in 7 out of 16 studies. No significant differences in LOS were 

found in the remaining 9 studies. It should be noted that Faryniuk et al. did not find a 

significant different in LOS when all diagnoses were considered (appendicitis, acute 

cholecystitis, and small bowel obstruction). However, on subgroup analysis of only 

appendicitis and cholecystitis, LOS was significantly reduced with an ACS service in 

place (2.63 days vs. 1.79 days, p = 0.009). The significant results for length of hospital 

stay are summarized in Table 3.  
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Table 3: Summary of Length of Stay Results 

Study Traditional Model 
(mean days) 

ACS Model 
(mean days) 

Mean Time 
Reduction (days) 

Cubas 
2.81 1.81 1.01 

5.22 3.32 1.92 

Earley1 3.5 2.3 1.2 

Lehane2 6.0* 4.0* 2.0* 

Michailidou2 3.5 2.1 1.4 

Pepingco2 4.9* 4.0* 0.9* 

Perry3 2.58 2.04 0.54 

Pillai1 2.8 2.6 0.2 

1 = acute appendicitis 
2 = acute cholecystitis 
3 = multiple diagnoses 
*denotes median 

 

Results: Outcomes 

 Eleven studies evaluated the difference in rate of post-operative complications 

between the traditional model of care and the ACS model (Britt et al., 2010; Brockman et 

al., 2013; Cubas et al., 2012; Earley et al., 2006; Gandy et al., 2010; Lau et al., 2011; 

Lehane et al., 2010; Michailidou et al., 2014; Milzman et al., 2010; Pillai et al., 2013; 

Poh et al., 2013). To enable comparison of patient outcomes between these studies, only 

data regarding total post-operative complication rate was abstracted for this review. Six 

of the included studies found that the total rate of post-operative complications was 
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significantly decreased with an ACS service in place. The remaining studies found no 

significant difference in the rate of complications between cohorts. The significant results 

for total post-operative complication rates are summarized in Table 4.  

 

Table 4: Summary of Complication Rates 

Study Traditional Model 
(%) 

ACS Model 
(%) 

Mean % 
Reduction  

Earley1 17.4 7.7 9.7 

Gandy1 17.0 9.3 7.7 

Lau2 18.5 7.0 11.5 

Lehane2 17.2 8.7 8.5 

Michailidou2 13.8 3.9 9.9 

Milzman1 14.0 5.0 9.0 

1 = acute appendicitis 
2 = acute cholecystitis 
*denotes median 
 

Results: Secondary Outcomes 

 Data regarding two secondary outcomes, appendix perforation rate and operative 

time of day, were also abstracted for this review.  

 Appendix perforation rate was documented in 8 of the included studies 

(Brockman et al., 2013; Earley et al., 2006; Ekeh et al., 2008; Gandy et al., 2010; Pillai et 

al., 2013; Poh et al., 2013; Qureshi et al., 2011; Suen et al., 2014). The difference in 
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appendix perforation rates between the traditional model of care and the ACS model were 

not significantly different in 7 out of 8 studies. Earley et al. found a significantly 

decreased rate of appendix perforation with ACS (23.3% with the traditional model vs. 

12.3% with ACS, p < 0.05).  

 Operative time of day was reported in 10 of the studies in this review (Britt et al., 

2010; Brockman et al., 2013; Earley et al., 2006; Gandy et al., 2010; Lau et al., 2011; 

Pepingco et al., 2012; Pillai et al., 2013; Poh et al., 2013; Suen et al., 2014; Wanis et al., 

2014). Brockman et al. found that significantly fewer nighttime emergency 

appendectomies occurred with an ACS model (12% with the traditional model vs. 4% 

with ACS, p = 0.005). Similarly, Gandy et al., Lau et al., Poh et al., Suen et al., and 

Wanis et al. all noted significantly decreased after-hours operating with an ACS service. 

Complementing this finding, Britt et al., Gandy et al., Pepingco et al., Pillai et al., and 

Suen et al. noted an increase in daytime operating with ACS. Conversely, Earley et al. 

found that more than 40% of operations occurred in the evening (16:00-24:00) under the 

traditional model; in the ACS group, more than 40% of surgeries occurred after midnight 

(00:00-08:00).  

 

Results: Meta-Analysis 

 Of the eight studies selected for inclusion in the meta-analysis based on their 

common definition of “time to OR,” only four studies provided means and standard 

deviations (or medians and interquartile ranges) for their results. Therefore, only these 

four studies were ultimately analyzed. The results from this meta-analysis are 

demonstrated in Table 5, and the Forest Plot is illustrated in Figure 1. Significant 
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heterogeneity amongst the studies was found (I2 = 91%). Although combined results with 

significant heterogeneity must be interpreted with caution, an ACS model of care was 

associated with a significantly faster time to OR by a mean of 3 hours when compared to 

the traditional model.  

 

Table	  5:	  Meta-‐Analysis	  Results	  for	  Time	  to	  OR	  

 

	  

Figure	  1:	  Forest	  Plot	  for	  Meta-‐Analysis	  of	  Time	  to	  OR	  
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Given the significant heterogeneity among the 19 studies with respect to the 

definitions of the other efficiency of care measures, further meta-analysis was not deemed 

appropriate.  

 

Summary 

 Multiple recent studies have evaluated the impact of an acute care surgery model 

on efficiency of care and patient outcomes. Significant variability exists in which 

outcome variables are reported by each study and in the precise definition of these 

variables. Additionally, there is currently no single accepted ACS model. International 

variation in the structure and organization of ACS models necessitates caution when 

generalizing the results of a study conducted in one country to an ACS model in a 

different country. With these limitations in mind, a systematic review of the available 

literature demonstrates that an acute care surgery model generally results in significant 

improvements in surgical response time, time to operation, and hospital length of stay. A 

decrease in total complication rate is also realized with acute care surgery.  
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Chapter 3: Hypothesis and Objectives 
 
 
 It is hypothesized that the acute care surgery model of care is associated with 

greater efficiency in the delivery of patient care as compared with the traditional model. It 

is further hypothesized that greater efficiency within the ACS model results in improved 

patient outcomes.  

 The objective of this Master’s thesis is to determine the impact of implementing an 

Acute Care Surgical Service on the timeliness of care and patient outcomes related to 

common general surgical emergencies. 
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Chapter 4: Methods 
 
Study Design 
 
 A retrospective chart review was undertaken to compare efficiency of care 

measures and patient outcomes between the traditional “on-call” model of surgical care in 

2007 and the ACS model of care in 2011. 

 
Ethics Approval 
 
 Ethics approval was obtained from the University of Manitoba Health Research 

Ethics Board. Institutional ethics approval was obtained from St. Boniface General 

Hospital (SBGH), Concordia General Hospital (CGH), and Victoria General Hospital 

(VGH).  

 
Case Definition & Inclusion Criteria 
 
 The population of interest for the traditional model of care included all adult (>17 

years) patients admitted to the general surgery service of SBGH, CGH or VGH between 

January 1, 2007 and December 31, 2007 with a diagnosis of acute appendicitis, biliary 

tract disease, or malignant bowel obstruction. Patients from these three hospitals were 

included in the pre-ACS cohort to capture an accurate representation of the population 

that would later be cared for by the SBGH Acute Care Surgical Service (ACSS). 

 The population of interest for the ACS model of care included all adult patients 

admitted to ACSS at SBGH between January 1, 2011 and December 31, 2011 with a 

diagnosis of acute appendicitis, biliary tract disease, or malignant bowel obstruction.  

 For both populations, biliary tract disease included biliary colic, acute cholecystitis, 

chronic cholecystitis, choledocholithiasis, cholangitis, gallstone pancreatitis, and 
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obstructive jaundice. 

 As ACSS was implemented in 2008, the last full year the traditional model of care 

was in place was 2007. This was therefore chosen to represent the pre-ACS cohort as it 

would provide the most accurate depiction of how the system functioned immediately 

prior to the infrastructure change. It also shortened the time interval between the two 

models of care we were comparing, minimizing temporal changes that may have occurred 

independent of the model change. 2011 was chosen to be representative of the ACS 

model of care; this was the third full year after the implementation of ACSS and it was 

therefore a fully established and matured system within the hospital and the province.   

 Acute appendicitis and biliary tract disease were studied as they are the most 

common reasons for admission to an emergency general surgery service (Cubas et al., 

2012). Additionally, patients with these diagnoses have fairly standard points of care 

along their admissions that are measurable. Patient with acute appendicitis may or may 

not undergo an imaging test, generally followed by an operation. Patients with acute 

cholecystitis have a similar well-defined course in hospital.  

 Bowel obstructions are also a common reason for admission to a general surgical 

service. Unlike with acute appendicitis or acute cholecystitis, patients with small bowel 

obstructions do not have a predictable course in hospital. Their treatment usually 

commences with a trial of conservative management, and variably requires an operation 

based on their clinical course. This would independently modify the measurements of 

total hospital length of stay and time to operation and would confound our analysis. 

Conversely, patients admitted with malignant bowel obstruction consistently require 

urgent operative management, and therefore have a more predictable course to analyze. It 
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was therefore decided to include this specific diagnosis into our study.  

 Patients admitted with a diagnosis of appendicitis or biliary tract disease were 

included in the study regardless of whether or not they underwent an operation during 

their admission. Patients with a diagnosis of malignant bowel obstruction were only 

included if they were managed operatively during the same admission.   

 

Exclusion Criteria 
 
 Patients were excluded if they were initially admitted to a service other than general 

surgery (2007) or ACSS (2011). Patients were also excluded if they were initially 

admitted with a diagnosis that did not meet those within our case definition. Patients who 

underwent an appendectomy, cholecystectomy, or bowel resection for malignant bowel 

obstruction as an elective procedure or as part of another major operation were excluded.  

 
Search Strategy 
 
 Charts of patients meeting our inclusion criteria were identified by diagnostic and 

procedural ICD-10 codes (appendix 2). In lieu of an ICD-10 code that specified 

malignant large bowel obstruction, charts were included if they had a diagnostic ICD-10 

code corresponding to a colon or rectal cancer along with a procedure code to indicate 

that a surgery had occurred during the same admission. Included procedure codes were 

those for partial colectomy, subtotal colectomy, total colectomy, Hartmann’s resection, 

colostomy and ileostomy. 
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Data Abstraction 

 Two separate data collectors audited charts. Dr. Harjeet Ghuman, Research and 

Evaluation Associate at VGH, collected data on the pre-ACS cohort at CGH and VGH. 

Dr. Jennifer Metcalfe, principle investigator, collected all other data. Questions or 

concerns that arose during the data collection process were first relayed through Dr. 

Metcalfe for clarification. Where differences in assessment could not be resolved, 

arbitration by Dr. Krista Hardy was undertaken. 

 A Microsoft Excel spreadsheet was made that was used exclusively for data 

collection. To ensure data was being extracted in a uniform and reproducible manner, a 

reference document was created that specified where each variable being extracted was to 

be found within the chart (appendices 3 - 5). If the variable was not found in the pre-

specified locations, it was recorded as “not specified.” Dr. Ghuman and Dr. Metcalfe 

jointly extracted data from fifty charts at both CGH and VGH to ensure these methods 

were clearly understood and consistent between both parties. 

 Baseline demographic information was collected on each patient. These variables 

included: age at admission, gender, body mass index (BMI), comorbidities, previous 

laparotomy, smoking status, and medications (anticoagulants and steroids). Comorbidities 

were classified into five major categories: cardiac (ischemic heart disease, arrhythmia, 

congestive heart failure), respiratory (COPD, asthma), bleeding diathesis (bleeding 

disorder, cirrhosis), endocrine (diabetes mellitus), and hematology (deep vein thrombosis, 

pulmonary embolism). Baseline characteristics regarding a patient’s admission to hospital 

were also collected. These variables were: admission diagnosis, origin hospital (if the 

patient was transferred), regional health authority of the origin hospital, admission 
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hospital and service, and information regarding any previous admissions for the same 

diagnosis. The admission diagnosis was generally abstracted from the patient’s face sheet 

that is completed by the attending surgeon upon discharge; this was checked against the 

intra-operative and pathological diagnoses if available. If there was a discrepancy, the 

pathologic diagnosis was utilized.  

 Charts were then audited to collect efficiency of care variables for each patient. See 

Table 6 for a complete list of efficiency of care variables acquired.  

 

Table 6: Efficiency of Care Variables 

General surgery/ACSS 
consultation by origin 
hospital 

Date Time  

Triage/Assessment Room Date Time  

Emergency room physician 
assessment 

Date Time  

Surgical consultation Date Time  

Surgical assessment Date Time  

Hospital admission Date Time  

Radiology Date Time Location 

Non-operative interventions Date Time Location 

Operative intervention Start time End time Time of Day 

Hospital discharge Date  Time  
 

 Non-operative interventions include endoscopic retrograde 

cholangiopancreatography (ERCP), percutaneous drain insertion, gastroscopy, and 

colonoscopy. The hospital in which the intervention took place was recorded, as some 
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patients needed to be transferred to other centres for specialized tests to be performed.  

 Radiology included ultrasound, computed tomography (CT) and magnetic 

resonance imaging (MRI). The hospital at which the imaging test was performed (origin 

hospital or admission hospital) was recorded.  

 Operations were classified as to whether they were laparoscopic, open, or 

converted. Start time was defined as the time of surgical incision, while end time was 

defined as the end of the operation (skin closure). Operations were then further classified 

based on start time by the time of day they were performed: morning (07:00 - 15:59), 

evening (16:00 - 23:59), or night (00:00 - 06:59). Pathology for appendectomy and 

cholecystectomy specimens was also recorded.  

 From the above efficiency of care variables, ten key time intervals were calculated 

for each patient (Figure 2, Table 7). The figure below was designed specifically for this 

study to illustrate the key time intervals being compared between cohorts.  

 

Figure	  2:	  Efficiency	  of	  Care	  Time	  Intervals	  
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Table 7: Efficiency of Care Time Intervals 

Variable Definition 

Transfer Time Time from origin hospital consultation to arrival of the 
patient at triage or ACSS assessment room 

Time to ERP assessment Time from triage to first assessment by emergency physician 
or resident 

Time to surgical 
consultation Time from ERP assessment to surgical consult 

Surgical response time Time from ERP surgical consultation to surgical assessment 

Time to imaging Time from service (emergency or general surgery) requesting 
imaging to imaging test occurring 

Time to non-operative 
intervention 

Time from service (emergency or general surgery) requesting 
intervention to intervention occurring 

Time to operation Time from surgical assessment to operation start time 

Length of operation OR start time to OR end time 

Time from operation to 
discharge OR end time to time of discharge from hospital 

Total length of hospital 
stay 

 
Time from hospital admission to hospital discharge 

 
 
  

 Outcome data was abstracted for each patient. Outcomes were classified as intra-

operative complications, intervention related-complications, post-operative 

complications, 30-day hospital readmissions, or 30-day emergency room visits. Intra-

operative or interventional complications were: unexpected bleeding or hemorrhage, 

injury to another organ, avulsed cystic duct, significant arrhythmia or arrest, pulmonary 

embolism, blood transfusion, or failed ERCP necessitating a second intervention. Post-
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operative complications were graded according to the Clavien-Dindo Classification 

System (Table 8). This classification scheme has been used in many centers as a tool for 

quality assessment in audits and every day practice, and is increasingly being used in the 

surgical literature (Clavien et al., 2009).  

 

Table 8: Clavien-Dindo Classification of Surgical Complications  

Grade I Any deviation from the normal postoperative course without the 
need for pharmacological treatment or surgical, endoscopic, and 
radiological interventions.  
 
Acceptable therapeutic regimens are: drugs such as antiemetics, 
antipyretics, analgesics, diuretics, and electrolytes and 
physiotherapy.  
 
This grade also includes wound infections opened at the bedside. 

Grade II Requiring pharmacological treatment with drugs other than those 
allowed for in grade I complications. Blood transfusions and total 
parenteral nutrition are also included. 

Grade III Requiring surgical, endoscopic, or radiological intervention 

   Grade III-a    Intervention not under general anesthesia 

   Grade III-b    Intervention under general anesthesia 

Grade IV Life threatening complication (including CNS complications) 
requiring ICU management 

   Grade IV-a    Single organ dysfunction (including dialysis) 

   Grade IV-b    Multi-organ dysfunction 

Grade V Death of a patient 

Suffix ‘d’ If the patient suffers from a complication at the time of discharge, 
the suffix “d” (for “disability”) is added to the respective grade of 
complication. This label indicates the need for a follow-up to fully 
evaluate the complication. 
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Data Quality 

 Electronic patient records (EPR) were introduced at SBGH at the end of 2007. A 

minority of the audited 2007 SBGH charts had limited information in EPR (demographic 

information and laboratory orders). The majority of 2007 SBGH data was collected from 

paper charts. Data collected from CGH and VGH were exclusively from paper charts. 

Conversely, the majority of data abstracted for the ACSS cohort were from the EPR. All 

demographic information, physician orders, consultation requests, and investigations 

(laboratory results, diagnostic imaging results, procedure results) were electronic. The 

patient information face sheet, triage note, and operative report were typed paper 

documents, not entered into EPR. Progress notes, ERP notes, nursing notes, and consults 

were handwritten paper documents. Appendices 3 – 5 list each variable audited from a 

patient’s chart, the standardized locations these variables were to be found in the chart, 

and the quality of the data collected (EPR/electronic or hand-written). 

 

Statistical Methods 

Data were analyzed with SAS Institute Inc. (2011). Continuous data were 

analyzed with two-tailed Student’s t-test. Chi-square tests were used to test categorical 

variables; Fisher’s Exact Test was used instead if cells numbers were small (<5).  

Logistic regression model covariates were chosen by clinical decision and 

backward selection method. Age and gender were decided as clinically relevant and were 

included in all logistic models. The backward selection method started with all covariates 

listed in the analysis plan and variables were deleted based on p-value; if the p-value was 
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greater than 0.20 the variable was deleted from the logistic model. Cook’s D statistics 

were plotted for each regression model to determine the influence of each observation.  

For data analysis, all acute appendicitis patients were analyzed together. Biliary 

tract disease was analyzed in three separate groups, based on their inherent differences in 

time to operation, time to intervention, and total length of hospital stay. The first group 

included only patients with a diagnosis of biliary colic. While these patients are 

frequently admitted with the intent of undergoing an operation, they are classified as non-

urgent cases (E3 cases on the operating room emergency slating list) and therefore may 

wait 24 hours or longer for an operation. This is contrasted to patients admitted with 

acute cholecystitis, who are classified as semi-urgent operations (E2 cases). These cases 

should start within 6 hours of being booked. The differences in acuity between patients 

with biliary colic and those with acute cholecystitis may independently modify their time 

to operation and length of hospital stay; this led to us analyzing them separately. The 

third group included patients with one or more diagnoses of choledocholithiasis, 

cholangitis, obstructive jaundice, or gallstone pancreatitis. These patients are more likely 

to undergo an intervention, such as an ERCP, during their admission than the other 

patients within the biliary tract disease group. This also would tend to prolong their 

hospital length of stay and time to OR, and so they too were analyzed as a distinct group.  
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Chapter 5: Results 
 

  

Our search strategy yielded a total of 1,392 charts. Of these, 75 were excluded 

because they did not meet our inclusion criteria. Data were therefore abstracted from 

1,317 charts. Patients with a diagnosis of malignant bowel obstruction (n = 88) were not 

included in the final analysis. This diagnosis had a small sample size, and management 

strategies within this group were quite heterogeneous. The majority of patients were 

treated non-surgically, even though we had selected charts for this diagnosis by procedure 

codes. Given that this would skew our efficiency of care results, we decided to omit 

malignant bowel obstruction patients from our study. This resulted in a total of 1,229 

patients being analyzed in our study. The breakdown of patients by cohort and hospital 

are illustrated in Figure 3. The breakdown of patients by cohort and diagnosis are 

illustrated in Figure 4.  



	   32	  

Figure	  3:	  Patient	  Flow	  by	  Admission	  Hospital
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Figure	  4:	  Patient	  Flow	  by	  Diagnosis 

 

 
 
Demographics 
  

 Baseline demographics were compared between the two cohorts (pre-ACS, 2007 

and ACS, 2011) based on their admission diagnosis.  

 For acute appendicitis, there were significant differences between the two cohorts 

with respect to mean age (36.35 years in 2007 vs. 39.26 years in 2011, p = 0.0329) and 

percentage of patients with a previous midline laparotomy (1.23% in 2007 vs. 5.18% in 

2011, p = 0.0108). See Table 9 and Table 10 for a comparison of the baseline 

demographics between the two cohorts with respect to acute appendicitis.  
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Table 9: Demographics for Acute Appendicitis in 2007 versus 2011 

Variable 2007  
(n = 244) 

2011  
(n = 329) p-value 

Mean Age (SD) 36.35 (15.05) 39.26 (16.63)  0.0329 
Gender – %    
     Male 51.23 52.44 0.7746      Female 48.77 47.56 
Mean BMI (SD) 27.54 (6.22)¹ 26.43 (5.35)² 0.0615 
Received Previous 
Laparotomy – %    

     No 98.77 94.82 0.0108*      Yes 1.23 5.18 
Select Medications – %    
    No 97.54 98.78 0.3381*     Yes 2.46 1.22 
Note: ¹ indicates sample size of 130; ² indicates sample size of 309; * indicates a Fisher’s 
Exact Test was used. Select medications are: steroids, anticoagulants.  
 

Table 10: Comorbidities for Acute Appendicitis in 2007 versus 2011 
 Year Yes (%) No (%) p-value 

Cardiac 2007 3.27 96.70 0.705 2011 2.73 97.26 

Respiratory 2007 2.87 97.13 0.607 2011 3.65 96.35 

Bleeding Diathesis  2007 0.82 99.18 0.181* 2011 0.00 100.00 

Hematology  2007 1.23 98.77 0.3173* 2011 0.30 99.70 
* indicates a Fisher’s Exact Test was used 

  

 The baseline demographics for patients admitted to hospital with a diagnosis of 

biliary tract disease in 2007 and 2011 are compared in Table 11 and Table 12. Note that 

biliary tract disease includes any one or combination of the following: biliary colic, acute 

cholecystitis, chronic cholecystitis, choledocholithiasis, cholangitis, gallstone 

pancreatitis, and obstructive jaundice. The only significant difference between the two 

groups was with respect to major comorbidities; significantly more patients in the ACS 
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group had diabetes mellitus as a comorbid condition as compared with the non-ACS 

group (10.5% vs. 4.6% respectively, p = 0.007).  

 

Table 11: Demographics for Biliary Tract Disease in 2007 versus 2011 

Variable 2007  
(n = 263) 

2011  
(n = 393) p-value 

Mean Age (SD) 53.27 (19.78) 50.24 (19.41) 0.0544 
Gender – %    
     Male 35.02 35.58 0.8834      Female 64.98 64.42 
Mean BMI (SD) 30.17 (7.22) 1 30.55 (6.90) 2 0.5640 
Received Previous 
Laparotomy – %    

     No 94.94 91.95 0.1413      Yes 5.06 8.05 
Select Medications – %    
     No 91.83 94.03 0.2803      Yes 8.17 5.97 
Note: 1 indicates sample size of 158; 2 indicates sample size of 366 
	  
	  

Table 12: Comorbidities for Biliary Tract Disease in 2007 versus 2011 
 Year Yes (%) No (%) p-value 

Cardiac 2007 18.77 81.23 0.0700 2011 13.52 86.58 

Respiratory 2007 6.13 93.87 0.1260 2011 3.57 96.43 

Bleeding Diathesis  2007 0.38 99.62 0.4103* 2011 1.28 98.72 

Endocrine 2007 4.60 95.40 0.0070 2011 10.46 89.54 

Hematology  2007 0.77 99.23 0.3281* 2011 1.79 98.21 
* indicates a Fisher’s Exact Test was used 

 

Patients with a diagnosis of acute cholecystitis were additionally analyzed as a separate 

group. Their baseline demographics are illustrated in Table 13 and Table 14. There were 

no significant differences in baseline demographics between the two cohorts.  
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Table 13: Demographics for Acute Cholecystitis in 2007 versus 2011 

Variable 2007  
(n = 157) 

2011 
(n = 254)  p-value 

Mean Age (SD) 54.79 (18.44) 51.29 (18.17) 0.0609 
Gender – %    
     Male 37.82 41.27 0.4894      Female 62.18 58.73 
Mean BMI (SD) 29.54 (6.47)1 30.53 (6.77)2 0.2364 
Received Previous 
Laparotomy – %    

     No 95.51 91.67 0.1354      Yes 4.49 8.33 
Select Medications – %    
     No 91.67 94.84 0.2020      Yes 8.33 5.16 
Note: 1 indicates sample size of 89; 2 indicates sample size of 239 
  

Table 14: Comorbidities for Acute Cholecystitis in 2007 versus 2011 
Comorbidity Year Yes (%) No (%) p-value 

Cardiac 2007 13.64 86.36 0.3470 2011 10.05 89.95 

Respiratory 2007 4.55 95.45 0.2970 2011 2.12 97.88 

Bleeding Diathesis  2007 0.00 100.00 0.5333 2011 1.06 98.94 

Endocrine 2007 8.18 91.82 0.3440 2011 11.64 88.36 

Hematology  2007 0.91 99.09 1.0000* 2011 0.53 99.47 
* indicates a Fisher’s Exact Test was used 

 

 Baseline information regarding a patient’s admission to hospital was analyzed and 

compared between cohorts. There were significantly more patients who were transferred 

from another hospital versus admitted directly in 2011 as compared with 2007. This holds 

true for each diagnostic group analyzed (acute appendicitis, biliary tract disease, acute 

cholecystitis). Frequencies of patients transferred from other hospitals versus patients 

who were direct admissions, broken down by diagnosis, are found in Table 15.  
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Table 15: Direct Admissions and Transfers in 2007 versus 2011 
Diagnosis Year Transfer Direct Admission p-value 

Acute Appendicitis – n (%) 2007 35 (14.34) 209 (85.66) <0.0001 2011 220 (67.07) 108 (32.93) 

Biliary Tract Disease– n (%) 2007 43 (16.73) 214 (83.27) <0.0001 2011 227 (58.96) 158 (41.04) 

Acute Cholecystitis – n (%) 2007 22 (14.10) 134 (85.90) <0.0001 2011 150 (59.52) 102 (40.48) 
 

The breakdown of the location of the origin (transferring) hospital based on regional 

health authority (RHA) is found in Table 16. The majority of patients were transferred 

from the Winnipeg RHA, with the second most common origin hospital being the 

Interlake-Eastern RHA. 

 

Table 16: Frequency of Transferred Patients by RHA 
RHA Year % 

Winnipeg 2007 54.95 
2011 87.10 

Prairie Mountain Health 2007 2.20 
2011 0.42 

Southern Health 2007 8.79 
2011 1.69 

Interlake-Eastern 2007 20.88 
2011 5.92 

Northern 2007 7.69 
2011 2.11 

Churchill/Nunavut 2007 2.20 
2011 1.48 

Ontario 2007 3.30 
2011 1.27 

 

Radiology 

 The frequency of pre-operative imaging studies (ultrasound, CT, or MRI) was 

compared between the two cohorts for each diagnosis (Table 17). For acute appendicitis, 

significantly more patients received a pre-operative imaging study in 2011 as compared 
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to 2007 (93.3 % vs. 70.1% respectively, p <0.0001). There were no significant 

differences in the number of patients who received a pre-operative imaging study for 

biliary tract disease or acute cholecystitis. The number of patients requiring two pre-

operative imaging studies to arrive at a diagnosis did not significantly differ between the 

two cohorts for all diagnoses.  

 

Table 17: Frequencies First and Second Imaging Tests in 2007 versus 2011 

Diagnosis Imaging N Year No imaging 
(%) 

Imaging 
(%) p-value 

Appendicitis 
Radiology 1  573 2007 29.92 70.08 <0.0001 2011 6.69 93.31 

Radiology 2  573 2007 95.08 4.92 0.1222 2011 91.79 8.21 

Biliary 
Tract 

Disease 

Radiology 1 656 2007 18.25 81.75 0.0644 2011 12.98 87.02 

Radiology 2  655 2007 87.79 12.21 0.4021 2011 85.50 64.04 

Acute 
Cholecystitis 

Radiology 1 411 2007 14.65 85.35 0.0589 2011 8.66 91.34 

Radiology 2 410 2007 87.82 12.18 0.3711 2011 84.65 15.35 
Radiology 1 = first pre-operative imaging study; Radiology 2 = second pre-operative 
imaging study 
 

Non-Operative Intervention 

 Three non-operative interventions (percutaneous drain insertions) were performed 

in the 2007 acute appendicitis group. Two of these interventions involved the same 

patient; the first attempt at percutaneous drainage of an abscess was unsuccessful, 

necessitating a second attempt. No non-operative interventions were performed in the 

2011 acute appendicitis group.  

 In the biliary tract disease and acute cholecystitis groups, the most common non-

operative intervention performed was an ERCP. For both disease categories, there were 
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no significant differences between the pre-ACS and ACS cohorts with respect to the 

number of patients requiring an ERCP during their hospital admission (Table 18).  

 

Table 18: Frequency of ERCP in 2007 versus 2011 
 N Year Did not receive 

an ERCP (%) 
Received an 
ERCP (%) p-value 

Biliary Tract 
Disease 656 2007 69.58 30.42 0.1296 2011 63.87 36.13 
Acute 
Cholecystitis 411 2007 84.71 15.29 0.0765 2011 77.56 22.44 
 

Operative Intervention: Acute Appendicitis 

 For acute appendicitis, four patients were managed non-operatively in the 2007 

cohort. Three of these patients had diagnoses of missed appendicitis with a phlegmon; 

one patient had an unclear diagnosis (acute appendicitis versus epiploic appendagitis). 

One patient with a missed appendicitis and a phlegmon was managed non-operatively in 

the 2011 cohort.  

 Significantly more patients in the ACS cohort were managed with laparoscopic 

surgery versus open surgery when compared with the pre-ACS cohort (97.82% vs. 

80.60% respectively, p < 0.0001). The mean length of open appendectomies did not 

significantly differ between 2007 and 2011 (61.25 minutes in 2007 vs. 77 minutes in 

2011, p= 0.0510). The mean length of laparoscopic appendectomies was significantly 

longer in 2011 (55.54 minutes in 2007 vs. 62.81 minutes in 2011, p= 0.0013).  

 When comparing pathology findings on appendectomy specimens, significantly 

more patients in 2011 were found to have perforated appendicitis (29.10% in 2011 vs. 

18.86% in 2007, p = 0.0062). The mean time to OR for patients with perforated and non-
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perforated appendicitis was similar for both 2007 and 2011 (Table 19). A similar number 

of patients in 2007 and 2011 had negative appendectomies (4.10% vs. 3.65%, p = 0.781).  

 

Table 19: Mean Time to OR for Perforated versus Non-Perforated Appendicitis 

 N 
Perforated 

N 
Non-

Perforated 
Perforated Non-

Perforated 
 

p-value 

2007 - Mean time 
to OR (min) 40 178 494.4 389.0 0.1603 

2011 – Mean time 
to OR (min) 94 229 504.6 469.2 0.4324 

 

Operative Intervention – Biliary Tract Disease 

 The number of patients who were admitted to hospital with a diagnosis of biliary 

colic and received an operation during the same admission was significantly higher in the 

ACS cohort (96.72% vs. 85.11%, p= 0.0391). There were no significant differences 

between the pre-ACS and ACS cohorts in the frequencies of patients receiving operations 

during their admission with diagnoses of biliary tract obstruction (choledocholithiasis, 

cholangitis, gallstone pancreatitis, obstructive jaundice) or acute cholecystitis (Table 20).  

 

Table 20: Frequency of Operative Intervention for Biliary Tract Disease 
in 2007 versus 2011 

Diagnosis Year OR (%) No OR (%) p-value 

Biliary Colic  2007 85.11 14.89 0.0391 2011 96.72 3.28 

Biliary Obstruction 2007 59.80 40.20 0.9391 2011 60.29 39.71 

Acute Cholecystitis 2007 90.29 9.71 0.1041 2011	   94.38	   5.62	  
  

 Significantly more patients in 2011 received a laparoscopic cholecystectomy 

versus an open procedure than in 2007 (100% vs. 94.36% respectively, P < 0.0001). For 
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both biliary tract disease and acute cholecystitis, the mean length of a laparoscopic 

cholecystectomy was significantly longer in 2011 (96.86 minutes in 2011 vs. 82.47 

minutes in 2007 for acute cholecystitis, p < 0.0001).  

 

Operative Time of Day  

 To analyze the time of day an operation took place, the start time of an operation 

was classified as occurring during the day (07:00-15:59), evening (16:00-23:59) or night 

(00:00-06:59). Frequencies for the time of day the OR was used were then compared 

between 2007 and 2011 (Tables 21, 22, 23, 24).  

 For acute appendicitis, there was not a significant difference in the number of 

operations that occurred during the day in 2007 versus 2011 (25.1% vs. 28.05% 

respectively, p = 0.4344). Significantly more operations were performed in the evening in 

2007 as compared with 2011 (63.18% vs. 50.30% respectively, p = 0.002). Significantly 

more appendectomies were performed at night in 2011 (21.65% in 2011 vs. 11.72% in 

2007, p = 0.002).  

 For biliary tract disease and acute cholecystitis, there were no significant 

differences in OR time of day between 2007 and 2011. 
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Table 21: OR Time of Day 
Diagnosis Year Day Evening Night 

Appendicitis – n (%) 2007 60 (25.10) 151 (63.18) 28 (11.72) 
2011 92 (28.05) 165 (50.30) 71 (21.65) 

Biliary Tract Disease– n (%) 2007 47 (54.02) 40 (45.98) 0 (0.00) 
2011 72 (58.06) 50 (40.32) 2 (1.61) 

Acute Cholecystitis – n (%) 2007 70 (44.30) 83 (52.53) 5 (3.16) 
2011 123 (48.81) 116 (46.03) 13 (5.16) 

 

Table 22: Daytime OR 
Diagnosis Year Day Not day p-value 

Appendicitis – n (%) 2007 60 (25.10) 179 (74.90) 0.4344 2011 92 (28.05) 236 (71.95) 

Biliary Tract Disease– n (%) 2007 47 (54.02) 40 (45.98) 0.5598 2011 72 (58.06) 52 (41.94) 

Acute Cholecystitis – n (%) 2007 70 (44.30) 88 (55.70) 0.3738 2011 123 (48.81) 129 (51.19) 
 

Table 23: Evening OR 
Diagnosis Year Evening Not evening p-value 

Appendicitis – n (%) 2007 151 (63.18) 88 (36.82) 0.0023 2011 165 (50.30) 163 (49.70) 

Biliary Tract Disease– n (%)  2007 40 (45.98) 47 (54.02) 0.4137 2011 50 (40.32) 74 (59.68) 

Acute Cholecystitis – n (%) 2007 83 (52.53) 75 (47.47) 0.1999 2011 116 (46.03) 136 (53.97) 
 

Table 24: Night OR 
Diagnosis Year Night Not night p-value 

Appendicitis – n (%) 2007 28 (11.72) 211 (88.28) 0.0021 2011 71 (21.65) 257 (78.35) 

Biliary Tract Disease– n (%) 2007 0 (0.00) 87 (100.00) 0.5131 2011 2 (1.61) 122 (98.39) 

Acute Cholecystitis – n (%) 2007 5 (3.16) 153 (96.84) 0.3375 2011 13 (5.16) 239 (94.84) 
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Efficiency of Care 

 Ten efficiency of care measures were calculated for each patient. The 

applicability of these measures varied based on a patient’s diagnosis. For example, 

patients admitted with acute appendicitis do not have an efficiency of care measure for 

time to intervention as the case numbers for this variable in both cohorts were very small.  

 The efficiency of care measures for acute appendicitis are summarized in Table 

25. The time from a patient’s arrival at triage to their assessment by the emergency room 

physician (ERP) was significantly longer in 2011 versus 2007.  Similarly, the time from 

surgical assessment to operative intervention was significantly greater in 2011. Surgical 

response time and time to acquisition of imaging studies was significantly shorter in 

2011. All other efficiency of care measures were similar between the two cohorts. 

 

Table 25: Efficiency of Care Measures for Acute Appendicitis  

Efficiency of care 
measure 

N 
2007 

N 
2011 

2007 
Mean hours 

(SD) 

2011 
Mean hours 

(SD) 
p-value 

Transfer time 
 32 213 2.13 (1.56) 2.66 (2.11) 0.1696 

Total LOS 243 329 63.35 (99.13) 52.20 (75.10) 0.1267 
Time to ERP assess 197 109 2.41 (2.61) 3.40 (2.29) 0.0011 
Time to Sx assess 205 307 2.57 (4.32) 1.31 (1.15) <0.0001 
Time from ERP or Sx 
assess to first 
imaging 

146 181 6.86 (9.85) 4.07 (4.06) <0.0001 

Time from Sx assess 
to OR 230 328 6.76 (7.13) 8.04 (6.25) 0.0251 

Time from OR to 
discharge 238 328 53.04 (90.78) 45.26 (74.85) 0.2652 

LOS = length of stay; Sx = surgery; ERP = emergency room physician; OR = 
operation; min = minutes, SD = standard deviation 
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 The efficiency of care measures for patients with a diagnosis of biliary colic are 

illustrated in Table 26. With an ACS service in 2011, surgical response time and total 

hospital lengths of stay were significantly shorter. All other measures were similar 

between cohorts. 

Table 26: Efficiency of Care Measures for Biliary Colic 

Efficiency of care 
measure 

N 
2007 

N 
2011 

2007 
Mean hours 

(SD) 

2011 
Mean hours 

(SD) 
p-value 

Transfer time 8 24 2.85 (2.10) 6.10 (4.90) 0.0805 
Total LOS 47 61 97.21 (78.27) 69.62 (44.60) 0.0228 
Time to ERP assess 37 34 2.47 (3.98) 2.94 (2.31) 0.5493 
Time to Sx assess 37 50 4.16 (6.51) 2.15 (2.11) 0.0438 
Time from ERP or Sx 
assess to first imaging 25 26 11.90 (10.43) 15.52 (26.03) 0.5207 

Time from Sx assess 
to OR 40 59 52.08 (55.87) 44.79 (40.00) 0.4509 

Time from OR to 
discharge 40 59 38.89 (43.93) 28.18 (20.83) 0.1072 

Time from Sx assess 
to first intervention 16 20 37.38 (25.79) 23.21 (27.72) 0.1253 

 

 The efficiency of care measures for patients with diagnoses consistent with biliary 

obstruction (choledocholithiasis, cholangitis, gallstone pancreatitis, obstructive jaundice) 

are presented in Table 27. With an ACS service in place, time from patient presentation 

at triage to ERP assessment took significantly longer. Conversely, surgical response time 

and time from operation to discharge were significantly faster with ACS. All other 

measures were similar between cohorts. 
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Table 27: Efficiency of Care Measures for Biliary Obstruction 

Efficiency of care 
measure 

N 
2007 

N 
2011 

2007  
Mean hours 

(SD) 

2011  
Mean hours 

(SD) 
p-value 

Transfer time 18 75 3.64 (4.04) 4.03 (3.95) 0.7114 
Total LOS 102 136 148.97 (129.90) 121.12 (128.88) 0.1015 
Time to ERP assess 78 53 2.39 (1.90) 3.36 (2.32) 0.0099 
Time to Sx assess 80 126 4.66 (6.67) 1.89 (1.56) <0.0001 
Time from ERP or Sx 
assess to first imaging 72 68 16.22 (20.70) 13.68 (24.85) 0.5101 

Time from Sx assess 
to OR 55 82 70.93 (73.55) 68.00 (38.91) 0.7623 

Time from OR to 
discharge 61 82 63.86 (71.76) 35.43 (33.01) 0.0019 

Time from Sx assess 
to first intervention 63 118 87.04 (329.99) 27.8 (31.23) 0.0541 

 

 Efficiency of care measures for patients with acute cholecystitis are shown in 

Table 28. Surgical response time and time to acquisition of imaging were significantly 

faster with an ACS service. All other measures were similar between cohorts.   
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Table 28: Efficiency of Care Measures for Acute Cholecystitis 

Efficiency of care 
measure 

N 
2007 

N 
2011 

2007 
Mean hours 

(SD) 

2011 
Mean hours 

(SD) 
p-value 

Transfer time 23 153 4.11 (3.08) 3.33 (2.99) 0.2454 
Total length of stay 175 267 116.03 (129.33) 93.31 (144.40) 0.0926 
Time to ERP assess 144 105 2.63 (3.64) 3.11 (2.40) 0.2384 
Time to Sx assess 144 244 4.14 (4.96) 1.81 (1.54) <0.0001 
Time from ERP or Sx 
assess to first imaging 116 122 13.18 (18.52) 7.78 (11.85) 0.0076 

Time from Sx assess 
to OR 151 252 32.27 (31.48) 29.88 (27.84) 0.4269 

Time from OR to 
discharge 158 252 72.60 (92.24) 51.64 (118.52) 0.0592 

Time from Sx assess 
to first intervention 27 61 127.81 (501.56) 24.02 (28.10) 0.1084 

 

Temporal Trends in Efficiency of Care 

 Since we had collected data on multiple time points pre- and post-intervention, we 

were retrospectively able to check for temporal trends in our data, similar to an 

interrupted time series analysis. We evaluated our hospital LOS data for both acute 

appendicitis and biliary tract disease to ensure the absence of a pre-existing trend towards 

decreased LOS before the intervention took place. In our data, no temporal trends were 

identified.  

 

Outcomes  

 The frequencies of intraoperative complications for each of the diagnostic groups 

were compared between 2007 and 2011 (Table 29).  

 For acute appendicitis, there was not a significant difference in the frequency of 

intraoperative complications between cohorts. The presence of an ACS service in 2011 

was associated with significantly decreased frequencies of intraoperative complications 
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for biliary tract diseases (5.45% in 2007 vs. 2.08% in 2011, p = 0.0215) and acute 

cholecystitis (7.69% in 2007 vs. 2.78% in 2011, p = 0.0221).  

 

Table 29: Frequencies of Intra-Operative Complications for 2007 versus 2011 

Diagnosis Year Intra-operative 
complication 

No intra-operative 
complication  p-value 

Appendicitis – n (%) 2007 1 (0.41) 243 (99.59) 0.6398* 2011 3 (0.91) 325 (99.09) 
Biliary Tract Disease – n 
(%) 

2007 14 (5.45) 243 (94.55) 0.0215 2011 8 (2.08) 377 (97.92) 
Acute Cholecystitis – n 
(%) 

2007 12 (7.69) 144 (92.31) 0.0221 2011 7 (2.78) 245 (97.22) 
Note:	  *	  indicates	  Fisher’s	  Exact	  Test	  was	  used	  
 

 Post-operative complications were graded on a scale from I through V according 

to the Clavien-Dindo classification system for surgical complications (Clavien et al., 

2009). Across all diagnoses, there were no significant differences between 2007 and 2011 

with respect to minor (Grades I and II) or major (Grades III, IV and V) post-operative 

complications (Table 30). 
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Table 30: Frequencies of Post-Operative Complications in 2007 versus 2011 
Diagnosis Complication Grade Year Yes No p-value 

Appendicitis – 
n (%) 

Grade I & II 2007 20 (8.20) 224 (91.80) 0.6966 2011 24 (7.32) 304 (92.68) 

Grades III, IV, V 2007 4 (1.64) 240 (98.36) 0.2045 2011 11 (3.35) 317 (96.65) 

Biliary Tract 
Disease – n (%) 

Grade I & II 2007 18 (7.00) 239 (93.00) 0.6013 2011 23 (5.97) 362 (94.03) 

Grades III, IV, V 2007 15 (5.84) 242 (94.16) 0.4048 2011 29 (7.53) 356 (92.47) 

Acute 
Cholecystitis – 
n (%)  

Grade I & II 2007 13 (8.33) 143 (91.67) 0.4487 2011 16  (6.35) 236 (93.65) 

Grades III, IV, V 2007 11 (7.05) 145 (92.95) 0.4612 2011 23 (9.13) 229 (90.87) 
Note:	  *	  indicates	  Fisher’s	  Exact	  Test	  was	  used	  
 

 Frequencies of 30-day readmissions (Table 31) and 30-day emergency 

department (ED) visits (Table 32) were also compared between 2007 and 2011. For acute 

appendicitis, there were significantly more readmissions in 2011 than there were in 2007 

(4.56% in 2011 vs. 0.82% in 2007, p = 0.0108). The number of readmissions for biliary 

tract disease and acute cholecystitis were similar between the two cohorts. There were no 

differences in the frequencies of 30-day ED visits between the two cohorts across all 

diagnostic groups.  

 

Table 31: Frequencies of 30-Day Readmissions in 2007 versus 2011 

Diagnosis Year 30 day 
readmission 

No 30 day 
readmission 

Chi-Square  
p-value 

Appendicitis – n (%) 2007 2 (0.82) 242 (99.18) 0.0108* 2011 15 (4.56) 314 (95.44) 

Biliary Tract Disease – n (%) 2007 17 (6.51) 244 (93.49) 0.7298 2011 23 (5.85) 370 (94.15) 

Acute Cholecystitis – n (%) 2007 6 (3.82) 151 (96.18) 0.1316 2011 19 (7.48) 235 (92.52) 
Note:	  *	  indicates	  Fisher’s	  Exact	  Test	  was	  used	  
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Table 32: Frequencies of 30-Day ED Visits in 2007 versus 2011 

Diagnosis Year 30 day ED 
visit 

No 30 day 
ED visit 

Chi-Square  
p-value 

Appendicitis – n (%) 2007 8 (3.28) 236 (96.72) 0.5474 2011 14 (4.26) 315 (95.74) 

Biliary Tract Disease– n (%) 2007 19 (7.28) 242 (92.72) 0.1906 2011 19 (4.83) 374 (95.17) 

Acute Cholecystitis – n (%) 2007 10 (6.37) 147 (93.63) 0.8484 2011 15 (5.91) 239 (94.09) 
 

Logistic Regression Analyses: Post-Operative Complications and Readmissions 

The first logistic regression analysis used post-operative complications and 

readmissions as the categorical dependent variable and was completed once for each of 

the following diagnoses: (a) appendicitis, (b) biliary tract disease, and (c) acute 

cholecystitis. Age and gender were decided to be clinically relevant and were therefore 

included in all logistic models. Additional covariates included in each model were the 

following: laparotomy, BMI, medications, type of surgery (laparoscopic versus open), 

transfer status (transfer versus direct admission), OR time of day, time to OR, and 

admission hospital (SBGH, VGH, or CGH). A backwards selection method was then 

used to delete or include variables based on their p-value. If the p-value was greater than 

0.20, the variable was deleted from the model.  

For appendicitis, the covariates included in the final model were: age, gender, 

laparoscopic vs. open surgery, transfer status, and admission hospital. The dependent 

variable recognized 54 cases of complications, with 509 patients not having a 

complication. The multivariable logistic regression model for the odds of a patient with a 

diagnosis of appendicitis having a complication versus not having a complication is 

illustrated in Table 33. The risk of having a post-operative complication and/or 
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readmission increased with age (OR 1.02, CI 1.01 to 1.04, p = 0.0061), being transferred 

from another hospital (OR 2.01, CI 1.02 to 3.95, p = 0.0425), and with admission to VGH 

or CGH (OR 2.38, CI 1.11 to 5.11, p = 0.0258). The risk of having a post-operative 

complication and/or readmission decreased when a patient underwent a laparoscopic 

operation (OR 0.38, CI 0.18 to 0.81, p = 0.0124).  

 

Table 33: Logistic Regression Model for Appendicitis and 
Post-Operative Complications and Readmissions 

Variable OR (95% CI) p-value 
Age 1.02 (1.01, 1.04) 0.0061 
Gender   
     Male 1.60 (0.89, 2.88) 0.1167 
     Female Reference - 
Laparoscopic vs. open   
     Laparoscopic 0.38 (0.18, 0.81) 0.0124 
     Open Reference - 
Transfer vs. direct 
admit   

     Transfer 2.01 (1.02, 3.95) 0.0425 
     Direct admit Reference - 
Admission hospital   
     VGH/CGH 2.38 (1.11, 5.11) 0.0258 
     St. Boniface  Reference - 

  OR = odds ratio; CI = confidence interval 

  

 For biliary tract disease, backward selection led to the following covariates being 

included in the final model: age, gender, laparoscopic vs. open surgery, and admission 

hospital. The dependent variable recognized 80 cases of complications with 463 patients 

not having a complication. The multivariable logistic regression model for the odds of a 

patient with a diagnosis of biliary tract disease having a post-operative complication 

versus not having a complication is shown in Table 34. The risk of a post-operative 

complication and/or readmission increased with age (OR 1.02, CI 1.01 to 1.04, p = 
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0.0038). The risk was decreased when a laparoscopic procedure was performed (OR 

0.113, CI 0.05 to 0.27, p < 0.0001). 

 

Table 34: Logistic Regression Model for Biliary Tract 
Disease and Post-Operative Complications and 

Readmissions 
Variable OR (95% CI) p-value 

Age 1.02 (1.01, 1.04) 0.0039 
Gender   
     Male 0.88 (0.52, 1.51) 0.6455 
     Female Reference - 
Laparoscopic vs. 
open   

     Laparoscopic 0.113 (0.05, 0.27) <0.0001 
     Open Reference - 
Admission hospital   
     VGH/CGH 0.56 (0.28, 1.12) 0.1002 
     St. Boniface  Reference - 

  

 Backward selection was completed on acute cholecystitis data to reveal age, 

gender, laparoscopic vs. open surgery, admission hospital, and OR time of day to be the 

covariates included in the final model. The dependent variable recognized 62 cases of 

complications with 319 patients not having a complication. The logistic regression model 

for the odds of a patient with acute cholecystitis having a complication versus not having 

a complication can be found in Table 35. The risk of having a post-operative 

complication and/or readmission increased with age (OR 1.03, CI 1.01 to 1.05, p = 

0.0007). The risk decreased when a laparoscopic operation was undertaken (OR 0.18, CI 

0.07 to 0.52, p = 0.0013). 
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Table 35: Logistic Regression Model for Acute 
Cholecystitis and Post-Operative Complications and 

Readmissions 
Variable OR (95% CI) p-value 

Age 1.03 (1.01, 1.05) 0.0007 
Gender   
     Male 0.79 (0.43, 1.45) 0.4465 
     Female Reference - 
Laparoscopic vs. 
open   

     Laparoscopic 0.18 (0.07, 0.52) 0.0013 
     Open Reference - 
Admission hospital   
     VGH/CGH 0.53 (0.23, 1.23) 0.1398 
     St. Boniface  Reference - 
OR time of day   
     Night 1.77 (0.50, 6.26) 0.3778 
     Evening 1.67 (0.92, 3.05) 0.0950 
     Day Reference - 

 

Logistic Regression Analysis: Appendix Perforation 

The second logistic regression analysis used the pathologic diagnosis of 

perforated appendicitis as the categorical dependent variable. Age and gender were 

included in the model with the following possible covariates: patient comorbidities, BMI, 

transfer status, OR time of day, time to OR, and whether preoperative imaging was 

acquired. Comorbidities and preoperative imaging variables were converted into binary 

variables for the model. Backward selection was completed on appendicitis data to reveal 

age, gender, transfer status, and OR time of day to be the covariates to include in the final 

model. The dependent variable recognized 137 cases that had a perforated appendix, and 

413 patients who did not have a perforated appendix. Table 36 shows the multivariable 

logistic model for the odds of an appendicitis patient having a perforated appendix versus 

a non-perforated appendix. The risk of appendicular perforation increased with age (OR 
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1.04, CI 1.03 to 1.05, p < 0.0001), and being transferred from another hospital (OR 1.71, 

CI 1.13 to 2.57, p = 0.0109).  

 

Table 36: Logistic Regression Model for Perforated 
Appendix 

Variable OR (95% CI) p-value 
Age 1.04 (1.03, 1.05) <0.0001 
Gender   
     Male 0.92 (0.61, 1.38) 0.6723 
     Female Reference - 
Transfer vs. direct 
admit   

     Transfer 1.71 (1.13, 2.57) 0.0109 
     Direct admit Reference - 
OR time of day   
     Day Reference - 
     Evening  0.71 (0.44, 1.15) 0.1667 
     Night 1.22 (0.68, 2.22) 0.5042 

 

Linear Regression Analyses: Total Hospital Length of Stay 

The third regression analysis used the continuous variable of total length of 

hospital stay as the dependent variable.  The analysis was again completed for each of the 

three diagnostic categories. The following covariates were included in all three models: 

age, gender, BMI, comorbidities, appendix perforation (appendicitis analysis only), 

laparoscopic vs. open surgery, time to OR, pre-operative intervention, OR time of day, 

and admission hospital.   

The appendicitis analysis used 416 observations. The model’s r-square is 0.1172 

and was overall statistically significant. Tolerance values to test for multicollinearity 

among the covariates was performed; multicollinearity was not present among the 

variables tested (tolerance values all >0.1 and VIF < 10). Table 37 shows the linear 

regression model for appendicitis using total length of hospital stay as the dependent 
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variable. From this model, having a non-perforated appendix and a laparoscopic surgery 

were both associated with significantly shorter hospital lengths of stay. Increased lengths 

of hospital stay were associated with having a perforated appendix (p < 0.0001) and 

having an open surgery (p = 0.0039). 

 

Table 37: Linear Regression Model for Hospital Length of Stay for Appendicitis 

Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 5968.61 1487.04 4.01 <0.0001 

Age 15.26 12.96 1.18 0.2397 

Gender - Female -491.94 393.03 -1.25 0.2114 

Gender - Male 0.00 . . . 

BMI 0.84 34.99 0.02 0.9808 

Comorbidity - 0 -1184.09 659.48 -1.80 0.0733 

Comorbidity - 1 0.00 . . . 

Perforated – 0 -2419.24 461.96 -5.24 <0.0001 

Perforated - 1 0.00 . . . 

Type of OR – Open 2064.87 711.98 2.90 0.0039 

Type of OR – Laparoscopic 0.00 . . . 

Time to OR 0.55 0.49 1.12 0.2618 

Pre-operative intervention 0.00 . . . 

OR time of day – Day -151.56 598.35 -0.25 0.8002 

OR time of day – Evening -462.77 541.09 -0.86 0.3929 

OR time of day – Night 0.00 . . . 

Admission hospital – St. Boniface -468.94 616.12 -0.76 0.4470 

Admission hospital – VGH/CGH 0.00 . . . 
 

 Table 38 contains the linear regression model for biliary tract disease using total 

length of hospital stay as the dependent variable. The analysis for biliary tract disease 

used 443 observations. The model’s r-square was 0.3074 and was overall statistically 
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significant. Again, tolerance values demonstrated that significant multicollinearity among 

the covariates was not present. From this model, older age, open surgery and longer time 

to OR were significantly associated with longer lengths of stay. The absence of medical 

comorbidities was associated with significantly shorter lengths of stay.  

 

Table 38: Linear Regression Model for Hospital Length of Stay for Biliary Tract Disease 

Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -1163.85 2653.70 -0.44 0.6612 

Age 85.90 17.83 4.82 <0.0001 

Gender – Female 694.20 608.80 1.14 0.2548 

Gender – Male 0.00 . . . 

BMI 20.17 39.67 0.51 0.6114 

Comorbidity – 0 -2627.35 749.53 -3.51 0.0005 

Comorbidity – 1 0.00 . . . 

Type of OR – Open 4333.78 1546.71 2.80 0.0053 

Type of OR – Laparoscopic 0.00 . . . 

Time to OR 1.23 0.15 8.43 <0.0001 

Pre-operative intervention - 0 1102.90 748.29 1.47 0.1412 

Pre-operative intervention - 1 0.00 . . . 

OR time of day – Day -117.30 1477.61 -0.08 0.9368 

OR time of day – Evening -519.17 1470.19 -0.35 0.7242 

OR time of day – Night 0.00 . . . 

Admission hospital – St. Boniface 38.37 873.63 0.04 0.9650 

Admission hospital – VGH/CGH 0.00 . . . 
 

 The linear regression model for acute cholecystitis using total hospital LOS as the 

dependent variable can be found in Table 39. There were 308 included observations in 

this analysis. The model’s r-square was 0.2967 and was overall statistically significant.  

There was not significant multicollinearity among the included covariates. The model 
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demonstrated that older age and longer time to OR were associated with significantly 

longer lengths of stay. The absence of medical comorbidities was associated with 

significant reductions in LOS.  

 

Table 39: Linear Regression Model for Hospital Length of Stay and Acute Cholecystitis 

Parameter Estimate Standard Error t Value Pr > |t| 

Intercept -4425.22 3798.00 -1.17 0.2449 

Age 114.56 25.66 4.46 <0.0001 

Gender – Female 1205.27 811.82 1.48 0.1387 

Gender – Male 0.00 . . . 

BMI 62.29 58.54 1.06 0.2882 

Comorbidity – 0 -2936.06 1031.68 -2.85 0.0047 

Comorbidity – 1 0.00 . . . 

Type of OR – Open 3885.90 2124.87 1.83 0.0684 

Type of OR – Laparoscopic 0.00 . . . 

Time to OR 1.68 0.24 6.98 <0.0001 

Pre-operative intervention - 0 864.50 1129.46 0.77 0.4446 

Pre-operative intervention - 1 0.00 . . . 

OR time of day – Day -301.28 1790.74 -0.17 0.8665 

OR time of day – Evening -573.08 1771.84 -0.32 0.7466 

OR time of day – Night 0.00 . . . 

Admission hospital – St. Boniface 310.76 1244.22 0.25 0.8029 

Admission hospital – VGH/CGH 0.00 . . . 
 

Linear Regression Analyses: Time to Operation 

The fourth regression analysis used the continuous variable of time to OR as the 

dependent variable. The analysis was completed for each of the three diagnostic 

categories. The following covariates were used in all three models: age, gender, BMI, 
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comorbidities, pre-operative imaging, transfer vs. direct admit, and pre-operative 

intervention.   

The appendicitis analysis used 431 observations. There were no pre-operative 

interventions and thus this covariate did not contribute to the model. The model’s r-

square was 0.0211; the overall model was not statistically significant (p = 0.1687).  

Multicollinearity among the variables was not demonstrated. As shown in Table 40, none 

of the included covariates significantly impacted time to OR.  

 

Table 40: Linear Regression Model for Time to OR for Appendicitis 

Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 362.73 124.15 2.92 0.0037 

Age 0.45 1.27 0.35 0.7246 

Gender – Female 33.12 39.99 0.83 0.4081 

Gender – Male 0.00 . . . 

BMI 5.10 3.57 1.43 0.1538 

Comorbidity - 0 -15.44 66.67 -0.23 0.8170 

Comorbidity - 1 0.000 . . . 

Pre-operative imaging - 0 -104.14 61.51 -1.69 0.0912 

Pre-operative imaging - 1 0.00 . . . 

Pre-operative intervention - 0 0.00 . . . 

Transfer - 0 -48.89 39.98 -1.22 0.2220 

Transfer - 1 0.00 . . . 
 

 The biliary tract disease analysis included 443 observations. The model’s r-square 

was 0.3082, with the overall model being statistically significant (p < 0.0001). 

Multicollinearity among the variables was not demonstrated. As shown in Table 41, 

older age, female gender and increased BMI were all significantly associated with longer 
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time to OR. The absence of pre-operative interventions was associated with significantly 

shorter time to OR.  

 

Table 41: Linear Regression Model for Time to OR for Biliary Tract Disease 

Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 2681.28 661.37 4.05 <0.0001 

Age 13.88 5.90 2.35 0.0191 

Gender – Female 478.41 202.79 2.36 0.0188 

Gender – Male 0.00 . . . 

BMI 30.15 13.26 2.27 0.0235 

Comorbidity - 0 -323.07 252.48 -1.28 0.2014 

Comorbidity - 1 0.00 . . . 

Pre-operative imaging - 0 -102.14 262.32 -0.39 0.6972 

Pre-operative imaging - 1 0.00 . . . 

Pre-operative intervention - 0 -2786.71 212.81 -13.10 <0.0001 

Pre-operative intervention - 1 0.00 . . . 

Transfer - 0 262.31 186.32 1.41 0.1599 

Transfer - 1 0.00 . . . 
 

The analysis for acute cholecystitis contained 308 observations. The model’s r-

square was 0.2151, which was overall statistically significant. Multicollinearity was again 

tested, and was not found to be significant among the covariates. As shown in Table 42, 

the only covariate found to be statistically significant was absence of a pre-operative 

intervention, which was associated with decreased time to OR.  
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Table 42: Linear Regression Model for Time to OR for Acute Cholecystitis 

Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 3629.42 700.26 5.18 <0.0001 

Age 4.09 6.19 0.66 0.5091 

Gender – Female 115.35 197.77 0.58 0.5602 

Gender – Male 0.00 . . . 

BMI -0.67 14.34 -0.05 0.9627 

Comorbidity - 0 -408.11 250.82 -1.63 0.1048 

Comorbidity - 1 0.00 . . . 

Pre-operative imaging - 0 -561.01 320.41 -1.75 0.0810 

Pre-operative imaging - 1 0.00 . . . 

Pre-operative intervention - 0 -2113.72 249.69 -8.47 <0.0001 

Pre-operative intervention - 1 0.00 . . . 

Transfer - 0 238.14 189.27 1.26 0.2093 

Transfer - 1 0.00 . . . 
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Chapter 6: Discussion 

 

 ACS services were created to provide readily available, intense and sustained care 

for patients with acute general surgical conditions. The establishment of ACSS in April, 

2008 involved a complete restructuring of general surgery services in Winnipeg and 

transformed how care was provided to EGS patients. Although potential benefits of ACS 

are suggested by numerous studies, heterogeneity within the current published literature 

makes it problematic to generalize these results to the ACS model in Manitoba. This 

study is unique in its scope, comprehensiveness, and size. There are only two other 

studies within the current literature that have a larger sample size than ours; one included 

all diagnoses and solely measured hospital length of stay, and the other examined one 

diagnosis only (acute appendicitis). Our study is unique in that it examines an ACS 

service that involves regionalization of acute care surgical services and therefore includes 

a high volume of inter-hospital patient transfers. We are also one of the few studies that 

include more than one hospital in our pre-ACS analysis. The sheer volume of patients 

who utilize Winnipeg’s ACSS implores for critical appraisal of the efficacy of the 

system. In addition to determining how ACSS has affected timeliness of care and patient 

outcomes, this study highlights areas that require improvement or modifications. 

 

Limitations: Study Design 

 Similar to previous studies examining ACS, ours has a retrospective, 

uncontrolled, pre/post design. Given the lack of randomization in this study, our two 

cohorts are similar on most of the measured baseline demographic information. For acute 
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appendicitis, the only significant differences between the two groups are mean age (36 

years in 2007 vs. 39 years in 2011) and the proportion of patients with a previous midline 

laparotomy (1% in 2007 vs. 5% in 2011). The clinical significance of these differences is 

likely minimal. For biliary tract disease, the groups differed significantly only with 

respect to the number of patients with diabetes mellitus. Again, this is unlikely to 

significantly impact our results.  

 Data were collected from three different hospitals in this study in an attempt to 

more accurately depict the population that would later be cared for under the ACS model.  

However, these three hospitals are inherently different. VGH and CGH are non-teaching 

hospitals, meaning that residents and medical students are not involved in the assessment 

or management of patients. An attending surgeon performs all operations at these 

hospitals. This is contrasted to SBGH, where medical students and residents of varying 

levels are involved in all aspects of patient care. Additionally, general surgery residents 

commonly perform operations under the supervision of the attending surgeon. Our results 

show that for both acute appendicitis and acute cholecystitis, mean operating time was 

significantly longer in 2011 than it was in 2007; this likely reflects the fact that residents 

were performing the majority of these operations. However, despite the involvement of 

students in patient care, there was no increase in post-operative complications when 

patients were admitted to SBGH and there were significantly fewer intra-operative 

complications. Regression analysis showed that patients were at increased risk of having 

a post-operative complication if they were admitted to a non-teaching hospital. 
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Temporal and Secular Trends in Practice Patterns 

There are multiple potential unmeasured differences between the 2007 and 2011 

cohorts that could confound our results. The main disadvantage of using a pre/post design 

is the lack of a concurrent control or comparison group, making it difficult to establish a 

cause and effect relationship between the intervention (the institution of ACSS) and the 

primary outcomes being measured. It is not possible to simultaneously compare the two 

surgical models in Winnipeg as ACS now delivers all emergency general surgery care. 

Our results may therefore be confounded by temporal and secular changes independent of 

the intervention. As reflected in our results, laparoscopic surgeries are performed with 

greater frequency in 2011 than they were in 2007. Although very few open 

appendectomies and cholecystectomies were performed in either group, there were 

significantly more laparoscopic operations in the 2011 cohort. Laparoscopic surgeries are 

known to be associated with decreased rates of post-operative complications and faster 

recoveries. Accordingly, regression analyses in our study showed that, for all diagnoses 

studied, laparoscopic cases were associated with decreased risk of post-operative 

complications and readmissions. However, the rates of major and minor post-operative 

complications between cohorts for acute appendicitis and biliary tract disease were not 

significantly different. Regression analyses also demonstrated that increased lengths of 

hospital stay were associated with having an open surgery. Our results show that in 2011, 

time from OR to discharge was significantly shorter for patients with biliary obstruction. 

Similarly, with ACSS there was a trend towards a decreased post-operative LOS for 

patients with acute cholecystitis. These results may therefore reflect the increased 
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frequency of laparoscopic surgery in 2011 rather than the change in the organizational 

structure of the surgical service.  

As laparoscopic surgery for acute appendicitis and acute cholecystitis has 

gradually become the standard of care, surgeon experience and comfort with laparoscopy 

has simultaneously risen. In our study, the surgeons who participated in EGS call under 

the traditional model of care are largely the same as those who were involved in the ACS 

model in 2011. However, it is likely that their laparoscopic experience increased in the 

intervening years. In addition to the natural progression of laparoscopic skill that occurs 

with time, three surgeons working within the ACS model had completed a Minimally 

Invasive Surgery fellowship; only one of these surgeons was working within the 

traditional model. It is possible that the decreased frequency of intra-operative 

complications for biliary tract disease and acute cholecystitis in 2011 is due to increases 

in laparoscopic skill, technique and experience rather than the institution of ACSS. 

Other secular trends in practice patterns have occurred that may influence the 

interpretation of our results. Accompanying an increase in experience and confidence 

with laparoscopy is a more aggressive operative approach towards acute cholecystitis. 

Classically, it was thought that the rates of intra- and post-operative complications were 

higher in the acute setting. Acute cholecystitis was therefore initially managed 

conservatively with antibiotics, followed by an interval cholecystectomy after a cooling-

off period. Recently, there has been a shift away from this approach and towards 

immediate surgical management. Our institutional practice reflects this change, and we 

routinely perform an urgent cholecystectomy upon admission for all patients with acute 

cholecystitis who do not have a prohibitive anesthetic risk. This could potentially lead to 
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a greater number of difficult cholecystectomies being performed in the 2011 cohort, with 

an attendant greater risk of intra-operative or post-operative complications. However, our 

results do not show a significant difference between the pre-ACS and ACS cohorts in the 

operative rate for acute cholecystitis. 

Other temporal trends in practice patterns have not been captured by this study. 

For example, favoured antibiotic regimens for treating acute appendicitis and acute 

cholecystitis evolve with time, and their effectiveness has potential implications on 

patient outcomes. Increasing antibiotic resistance may also have occurred between 2007 

and 2011, which can independently affect complication rates and outcomes.  

 

Health Administrative Data 

Our study was heavily reliant on administrative data, which is prone to incomplete 

and inaccurate information. This can be particularly true when the data being collected 

reflects the performance of a department or institution. For instance, as wait times in the 

emergency department is a growing national concern, there is increased pressure on ED 

personnel to assess patients in an expedient fashion; this in turn may lead to inaccurate 

inputting of ERP initial assessment times. There is similar pressure on the surgical team 

to respond to consults in a timely fashion, as well as monetary incentives for consults 

answered after certain hours of the day (for example, after midnight). This may lead to 

date and time information for surgical consults being imprecisely recorded. 

Administrative data is also rife with incomplete information. Specifically for our 

study, information such as height, weight, and time information for consults and 
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procedures relies on human recording of these items. The degree to which this occurred 

for each patient was variable.  

Our cohorts differed with respect to the quality of their administrative data. 

Electronic patient records were introduced at SBGH at the end of 2007, leading to a mix 

of paper and electronic records for the data collected at this hospital. VGH and CGH 

exclusively used paper charts, while ACSS had entirely converted to electronic records. 

The data that was abstracted from paper charts was more likely to have missing data, 

especially for recorded times for the various efficiency of care measures. Similarly, 

height and weight data was variably present. The electronic record prompts users to input 

a patient’s height and weight information, which resulted in a more complete data set for 

this variable. Date and time information is also automatically included for all consults, 

notes, and orders, which significantly minimized missing data. In general, data being 

collected from electronic records was more complete and reliable. 

 

Regionalization of Care 

 As a result of the regionalization of patient care that occurred with ACS, the 2007 

and 2011 SBGH cohorts are intrinsically different. The volume of patients with acute 

appendicitis and biliary tract disease who were assessed by the surgical service at SBGH 

tripled between 2007 and 2011. Extrapolating from this, the number of patients being 

admitted with other emergency general surgery diagnoses likely escalated as well. This 

volume of patients increases the burden on the emergency department and could partly 

explain the longer wait times for ERP assessment seen in our study. Similarly, the 

substantial increase in the number of admitted surgical patients impacts the ability of the 
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operating room to accommodate them in a timely manner. Aside from a part-time 

dedicated operating room and a single dedicated surgeon, minimal allowances have been 

made to account for this high volume of patients and the additional resources they 

require.  

 Another consequence of regionalization of care is that the 2011 cohort had 

significantly more patients who were transferred from another facility for assessment and 

admission. The majority (85%) of patients in the 2007 cohort were directly admitted 

through the emergency department. Multiple studies have established that transferred 

patients have worse outcomes than directly admitted patients (Bernard et al., 1996; 

Crippen et al., 2014; Dao et al., 2013; Golestanian et al., 2007; Gordon et al., 1996; 

Rosenberg et al., 2003; Santry et al., 2011). Santry et al demonstrated that transferred 

acute care surgery patients are more likely to be obese, have more baseline comorbidities, 

have severe comorbidities (especially cardiopulmonary), and present in worse 

physiologic derangement than directly admitted patients with similar diagnoses. 

Transferred patients were also found to have higher mortality and longer hospital stays. 

In our study, regression analysis demonstrated that patients with a diagnosis of acute 

appendicitis who were transferred from another hospital were at higher risk of having a 

post-operative complication or readmission. Transferred patients were also more likely to 

have a perforated appendix as compared with those who were direct admissions. These 

inferior outcomes might be influenced by delays in transfer, either due to insufficient 

recognition of the need for a higher level of care or the incapacity of the receiving 

hospital to offer a bed on request. In our study, transfer times between the two cohorts 

were not significantly different. However, the amount of time the patient spent at the 
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referral hospital prior to the initiation of transfer was not captured by our study. Worse 

outcomes for transfers might also be due to inadequate initial care at the referring hospital 

or simply the result of more serious disease. At our institution, transferred patients are 

generally triaged by the attending ACSS surgeon. However, the initiation of transfers is at 

the discretion of the referring hospital and is unregulated. Conditions with a standardized 

protocol for care, such as myocardial infarctions or traumas, are quickly assessed and 

appropriately triaged for transfer in an effective manner (Bosk et al., 2011). Specific 

triage and transfer criteria for non-trauma surgical emergencies could improve outcomes 

for these patients. Standardized guidelines for optimizing the care of patients with acute 

appendicitis or biliary tract disease prior to transfer might also improve a patient’s 

physiologic status on arrival and enhance their overall outcomes.  

 

Efficiency of Care 

 Although variation exists among the diagnoses included in this study, multiple 

trends in the efficiency of patient care with ACS can be seen in our results. Generally, 

patients waited significantly longer for their first assessment by an emergency room 

physician in 2011 (acute appendicitis, biliary obstruction). There are multiple possible 

explanations for this, including the aforementioned fact that considerably more patients 

were being redirected to SBGH in 2011 for assessment by ACSS as a result of 

regionalization of care. However, prolonged wait times likely also exemplifies worsening 

emergency department overcrowding for all patient presentations between 2007 and 

2011. While this measure is not one that the institution of ACS was intended to address, it 
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provides an interesting characterization of emergency department usage in Winnipeg 

during the years this study was conducted.  

 Despite a tripling in patient volume, surgical response time was significantly 

faster in 2011 across all diagnoses. This demonstrates improved efficiency of care with a 

dedicated ACS team with an on-site surgical consultant. Similarly, imaging was acquired 

significantly faster with ACS (acute appendicitis, acute cholecystitis). Receiving imaging 

more expediently is helpful for the surgical team when deciding whether or not to admit a 

patient. The time interval between surgery’s decision to admit a patient and the patient 

leaving the emergency department was not captured. It is possible that even though 

patients were assessed faster, they were waiting the same amount of time in the 

emergency department for an inpatient bed. However, in SBGH surgical beds are 

separate from medical beds, so a shortage of surgical beds is rarely an issue for direct 

admission (Faryniuk et al., 2013). Therefore, it is probable that faster assessment by the 

surgical team and quicker acquisition of imaging studies translates into improved 

emergency department throughput for emergency general surgery patients.  

 While an ACS service demonstrated improved efficiency in the emergency 

department, this did not continue during the patient’s inpatient admission. In 2011, 

patients with acute appendicitis waited longer for their operations (6.76 hours in 2007 vs. 

8.04 hours in 2011). A baseline time to OR of under 7 hours in 2007 leaves little room for 

improvement in this area; the 1.28 hour difference in time to OR between cohorts is 

unlikely to impact patient outcomes. For biliary tract disease, time to OR did not change 

significantly between cohorts. When taking into account the tripling of patient volume, 

ACSS managed the increased number of cholecystectomies well. However, acute 
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cholecystitis is classified as an E2 operation in Winnipeg, meaning that it should occur 

within 6 hours of being booked. In 2007, there was a mean preoperative time of 32 hours 

for acute cholecystitis; this only improved to 30 hours with ACSS. There is certainly 

room for improvement with this diagnosis, and this was not achieved with a dedicated 

operating room and a dedicated surgeon.   

Patients with biliary obstruction and biliary colic are classified as E3 operations, 

which should begin within 24 hours of being booked. In 2011, patients with biliary colic 

had an average preoperative time of 44.78 hours. Similarly, patients with biliary 

obstruction were receiving their ERCPs a mean of 60 hours faster in 2011, but did not 

have a significantly shorter time to OR. This suggests that patients with biliary colic and 

biliary obstruction are waiting on the E3 slate for long periods of time, having their 

operations bumped by more urgent (E1 and E2) cases. Our study did not capture other 

general surgical emergencies that might be superseding operations for biliary tract 

diseases. However, it is apparent that there were multiple acutely ill patients requiring 

surgery in 2011 that were preventing other emergency general surgery patients from 

receiving operations in a timely fashion.  

After receiving an operation, patients with acute appendicitis and biliary tract 

diseases were efficiently discharged. For acute appendicitis, time from OR to discharge 

did not differ between cohorts. With ACSS, patients were discharged from hospital a 

mean of 9.75 hours faster after receiving their operation as compared with the traditional 

model, although this difference was not significant. Inpatient care for this diagnosis was 

already quite efficient under the traditional model, so large improvements in this area 

with ACSS were not expected. For biliary tract disease, there were improvements in the 
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efficiency of a patient’s post-operative length of stay with ACSS. Time from OR to 

discharge significantly improved from 63.86 hours in 2007 to 35.42 hours in 2011; this 

represents 1.2 fewer days in hospital for these patients. There was a trend towards shorter 

post-operative LOS for acute cholecystitis (72.60 hours in 2007 vs. 51.64 hours in 2011), 

but this difference was not significant.  

The only diagnosis that had a significantly shorter total hospital LOS in 2011 was 

biliary colic. Patients with this diagnosis left hospital 1.48 days faster with an ACS 

service in place. 

 

Patient Outcomes  

 As with our efficiency of care results, there is significant variation in patient 

outcomes between the two diagnoses. For biliary tract disease, there were significantly 

fewer intraoperative complications with ACS. The majority of intraoperative 

complications in 2007 were unexpected bleeding or hemorrhage, most commonly from 

the liver. As previously discussed, this could reflect the increased laparoscopic 

experience and skill among the surgeons in 2011, along with a greater prevalence of MIS-

trained surgeons in this cohort. There was not a significant difference in the frequency of 

post-operative complications, readmissions, or 30-day ED visits between cohorts for 

biliary tract disease. We hypothesized that improved efficiency of care with ACSS would 

lead to enhanced patient outcomes; since an increase in pre-operative efficiency of care 

for patients with biliary tract disease was not realized with ACSS, the lack of 

improvement in patient outcomes is not unexpected. 
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 Patient outcomes for acute appendicitis with ACSS are concerning. In 2011, 

patients were significantly more likely to have a perforated appendix at the time of their 

operation (29.10% in 2011 vs. 18.86% in 2007). ACSS’s perforation rate is on the higher 

end of published national rupture rates of 20-30% (Bickell et al., 2006). Ours is the only 

study in the published literature that found a significant increase in appendix perforation 

rate with ACS. In stark contrast to our study, Earley et al. found a 10% reduction of 

appendix perforation rate in their ACS cohort. Other studies found no significant 

difference in appendix perforation rate between cohorts, but had rates that were 

significantly lower than that of ACSS. For example, Gandy et al. reported an appendix 

perforation rate of 4.6% in their ACS cohort, while Brockman et al. noted a rupture rate 

of 17% with ACS. 

There is debate in the literature regarding whether delays in surgical management 

are associated with appendix perforation. It is generally agreed that short delays in 

surgical intervention for acute appendicitis are well-tolerated, with several studies 

reporting no increase in appendicular rupture when surgery is delayed until daytime hours 

(Abou-Nukta et al., 2006; Eko et al., 2013; Stahlfeld et al., 2007). However, multiple 

studies also identify an increasing risk of rupture with delays in patient presentation and 

treatment. Specifically, one study found that the risk of rupture for the first 36 hours after 

symptom onset was negligible. For patients with longer periods of untreated symptoms, 

the risk of rupture rose 5% for each ensuing 12-hour period with untreated symptoms 

(Bickell et al., 2006).  

In our study, the time from surgical assessment to operative intervention was 

similar for perforated and non-perforated appendices. Similarly, significantly more 
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appendectomies were performed at night with ACSS (21.6% in 2011 vs. 11.7% in 2007), 

indicating that patients in 2011 were not having their operations delayed to the following 

morning. While wait times for ERP assessment were longer for the ACS cohort, this one 

hour delay is unlikely to contribute to increased rupture rates. In the ACS cohort, 23% 

more patients received a preoperative imaging study in 2011 as compared to 2007; it is 

possible that waiting for these imaging tests delayed operative intervention, contributing 

to the observed increased rate of rupture. Our study also did not capture the length of time 

patients were experiencing symptoms prior to presentation, so it is possible that this was 

significantly different between the 2007 and 2011 cohorts. 

Regression analysis identified older age and transfer status as factors that placed 

patients at increased risk of having a perforated appendix. Accordingly, significantly 

more patients who were found to have a perforated appendix were transferred from 

another hospital versus directly admitted. In our study, we did not capture the length of 

time a patient spent at the referring hospital before a transfer was initiated. It is possible 

that patients spent prolonged lengths of time at their origin hospitals prior to being 

transferred, leading to a significant delay in operative intervention. We also did not 

record what sorts of treatment, if any, patients received at their origin hospital. A failure 

to start appropriate intravenous antibiotics in a timely fashion represents a delay in 

treatment, and may be associated with the higher observed perforation rate with ACSS.  

The significantly increased rate of readmissions for acute appendicitis in the ACS 

cohort is likely associated with the increased rate of appendicular rupture. 4.56% of 

patients were readmitted in 2011, versus 0.83% in 2007; the majority (60%) of the 

readmissions in 2011 were for intra-abdominal abscesses. In 2007, readmissions were 
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only captured if the patient presented to the same hospital to which they were initially 

admitted. The recorded number of readmissions and 30-day ED visits for the pre-ACS 

cohort may therefore be inaccurate. However, it makes intuitive sense that a higher rate 

of appendicular perforations is associated with an increased rate of intra-abdominal 

abscesses. While some of these patients were treated with antibiotics, a significant 

number required either percutaneous drainage or operative drainage. With an ACS 

service in place, patients experienced increased morbidity from acute appendicitis, which 

is likely related to unmeasured variables related to patient transfer and delays in 

presentation.  

 

Operative Time of Day 

 It was hypothesized that more operations would be performed during daytime 

hours with acute care surgery and a dedicated daytime OR. However, this was not 

actualized with ACSS. Between 2007 and 2011, there was not a significant difference in 

the number of operations occurring during the daytime across all diagnoses. On average, 

3.83% more operations happened during the day with ACSS. Our study along with that of 

Earley et al. are the only two in the literature that did not find increased daytime 

operating with ACS. Additionally, all published studies apart from Earley et al. have 

documented significantly decreased after-hours operating with ACS. With ACSS, 

significantly fewer appendectomies were performed in the evening, and significantly 

more were performed at night. The immediate concern with nighttime operating is that it 

might be associated with greater risk of intra-operative and post-operative complications 

due to surgeon fatigue. However, regression analysis did not show that operative time of 
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day was associated with patient outcomes. It is unclear from our study what is preventing 

these cases from being performed during daytime hours, when other ACS services 

uniformly manage to do so. It is possible that appendectomies are being performed at 

night on critically ill patients who could not be delayed until daytime hours. However, it 

seems more likely that appendectomies are being performed at night out of necessity; 

with such a large volume of patients awaiting operations, ACSS is required to operate at 

all hours to try to keep pace with a constantly enlarging backlog of patients. Again, our 

study did not capture other more emergent cases that might be bumping these 

appendectomies. However, it is clear that it is difficult for ACSS to keep on top of the 

large volume of patients it serves, and the benefits envisioned for ACS are not being 

realized with respect to operative timing.  

 The impact of regionalization of patient care with ACSS cannot be overstated. 

One of the main differences between our study and others in the literature is our 

centralized system of emergency surgical care. As the volume of patients being assessed 

by the St. Boniface Hospital ACSS continues to grow, the increased operative resources 

and workforce required to care for these patients in an expedient and safe manner might 

not be immediately available. Coordinating a regional triage system with an aim to 

improve and balance patient flow within the Winnipeg ACS system might provide a 

temporizing alternative approach. 

 

 

 

 



	   75	  

Chapter 7: Future Recommendations 

 

1. Regulated Transfer Protocols 

 

It is apparent from our study that patients who are transferred from other facilities 

are at higher risk for post-operative morbidity. Specifically, patients with acute 

appendicitis are more likely to have a ruptured appendix if they are elderly or are 

transferred from another hospital. The development of transfer protocols to enhance 

earlier recognition of patients requiring a higher level of care might mitigate some of this 

risk. Additionally, guidelines regarding appropriate pre-transfer optimization of surgical 

patients could ensure that EGS patients have appropriate treatments initiated without 

delay.  

 

2. Clinical Care Pathways  

 

Other centres across Canada have developed clinical care pathways for patients 

with common EGS diagnoses, such as acute appendicitis. Ball et al. developed a 

“Suspected Appendicitis Care Map” for adults, with the goal of streamlining the flow of 

patients from the ED to the OR (Ball et al., 2012). Clinical care pathways generally also 

include treatment order sets, including suggestions for appropriate intravenous fluids and 

antibiotics, and prompt for appropriate pre-operative investigations to be performed. 

These pathways could also include guidelines for deciding which patients require pre-

operative imaging studies, and of which variety. The development of clinical care 
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pathways for the most frequent EGS presentations, such as acute appendicitis and acute 

cholecystitis, could further aid in improving efficiency and quality of patient care. 

Additionally, if the same care pathways are utilized at referral sites, this could encourage 

streamlined care with rapid initiation of appropriate treatments and pre-operative 

planning and optimization prior to the patient’s arrival at SBGH.  

 

3. Benchmarks for Efficiency of Patient Care 

 

ACSS was established in 2008 with many proposed benefits for patients and 

healthcare providers alike. However, this is the first and only study evaluating its 

efficacy. It is impossible to improve on something that is not monitored. It was proposed 

that ACSS would improve efficiency of patient care and decrease wait times for surgery. 

ACSS in its current state is not providing these benefits. If we establish benchmarks for 

efficiency of care for common EGS diagnoses, we could monitor how we are doing with 

respect to these benchmarks on an ongoing basis. The Canadian Institute for Health 

Information defines benchmarks as indicators of the amount of time clinical evidence 

shows is appropriate for a procedure. The Canadian Wait Time Alliance categorizes 

benchmarks as health system performance goals beyond which the best available 

evidence and clinical consensus indicate that the patient's health is likely to be adversely 

affected. The development of wait-time benchmarks for time from admission to surgery 

for acute appendicitis and biliary tract disease is required to promote patient safety and 

inform program planning and evaluation. 
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4. Advocate for Increased Resources 

 

EGS patients are a uniquely challenging population who are particularly prone to 

poor outcomes. The development of the ACS model of care was a good initial step in 

unifying this previously fragmented patient population and improving the quality of their 

care. In order to realize the benefits initially promised by acute care surgery, we must 

continue to advocate on behalf of these patients. While the patient volume on ACSS has 

continued to increase, resources provided to the service have stayed the same or declined. 

In 2011, ACSS had a dedicated daytime OR from Monday to Friday. Currently, ACSS 

shares the OR in the morning with another surgical service. Prior to this study, the length 

of time patients had been waiting for their ORs was not known. However, this study 

demonstrates that patients across all diagnoses are either waiting too long for their 

operations, or are being relegated to nighttime operating hours due to the large volume of 

patients scheduled during the day. Since ACSS is not achieving its promised benefits, we 

need to advocate for resources that will help us to improve the quality of care being 

delivered.  

The number of patients ACSS can accommodate while still providing quality and 

timely care is currently unknown. It would be beneficial to establish the appropriate 

volume of patients for ACS services based on manpower and operative resources. 

Establishing benchmarks for care would be a helpful first step. If we find that we are 

consistently failing to meet these benchmarks with our current volume of patients, we 

need to advocate for increased resources. For instance, additional dedicated operating 

time might relieve some of the strain ACSS is currently facing. There is also an 
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increasing burden of elderly patients who are prone to complications and increased 

lengths of hospital stay. At some point, their surgical issues become stable. Currently, 

these patients remain with ACSS until proper community placement can be obtained, 

which in some cases can take months. A separate unit for the care of stable surgical 

patients could go a long way in easing the burden on ACSS.  

 If regionalization of patient care is to continue in Winnipeg, additional resources 

should be directed towards the coordination of a regional triage system to improve patient 

flow through the ACS network of hospitals. For instance, if ACSS at SBGH has reached 

the maximal volume of patients it can accommodate without sacrificing quality of care, 

lower acuity patients, such as those with biliary colic, should be directed towards another 

ACS hospital in Winnipeg. 

 

5. Monitor Outcomes 

 

The establishment of benchmarks for care is intimately tied to monitoring of patient 

outcomes. As previously described, benchmarks are periods of time beyond which the 

best available evidence indicates that a patient's health is likely to be adversely affected. 

Therefore, we need to formally monitor our patients’ outcomes in a prospective fashion 

(for example, NSQIP) in order to know how we are doing and how we can improve. 

From our data, we now know that patients with acute appendicitis have more perforations 

with an acute care surgery service. With this knowledge, we can begin to take steps to 

address and correct this delay in patient treatment. Once again, we cannot improve upon 

outcomes that we do not monitor.  
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Chapter 8: Summary 

 

 Emergency general surgery patients present a large public health burden. The 

acute care surgery model was implemented to provide prompt, comprehensive, and 

evidence-based care to this unique patient population. Proposed benefits of ACS include 

improved efficiency of hospital care and enhanced patient outcomes. With ACSS, 

surgical response time and ED throughput have improved. However, time to OR and the 

proportion of daytime operations has not significantly changed. Post-operative efficiency 

of care has generally improved with ACSS. Patients with acute appendicitis are 

experiencing worse outcomes with ACSS.  

Overall, ACSS has the potential to significantly improve the quality of care EGS 

patients receive. However, a new model of care cannot be implemented without 

accounting for the volume of patients being managed and providing appropriate resources 

to provide quality and timely care. Similarly, we cannot manage what we do not measure. 

Going forward, standardized transfer protocols and care pathways could help to 

streamline care and prevent the increased morbidity patients with acute appendicitis are 

currently experiencing. Benchmarks for efficiency of care and a method of prospectively 

monitoring patient outcomes should ultimately be established to allow for ongoing 

surveillance of the performance of ACSS and provide a platform from which to advocate 

for improved resources. Going forward, we need to account for the volume of acutely ill 

patients ACSS is managing, and advocate for the appropriate allocation of resources to 

ensure we are delivering the highest quality care possible. 
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Appendix 1 
 

Appendix 1: Characteristics and Descriptive Results of Studies Included in Systematic Review 

Reference Country Year 
Months 

per 
cohort 

Dx N TRAD/ 
ACS 

Sx 
Response 

Time 

Time to 
OR LOS 

Total 
Complication 

Rate 

Beardsley AUS 2014 3 AA 84/66 Decreased Decreased . . 

Britt USA 2010 12/24 AC 54/132 . NS NS NS 

Brockman AUS 2013 12 AA 351/357 . . NS NS 

Cubas USA 2012 12 AA 
AC 

82/93 
51/62 Decreased Decreased Decreased NS 

Earley USA 2006 18 AA 127/167 NS Decreased Decreased Decreased 

Ekeh USA 2008 14 AA 273/279 . NS . . 

Faryniuk CDN 2013 3 

AA 
AC 

SBO 
 

67/142/127 Decreased NS NS . 

Gandy AUS 2010 12 AA 176/226 . NS NS Decreased 

Lau USA 2011 10/12 AC 81/71 . Decreased NS Decreased 
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Appendix 1: Characteristics and Descriptive Results of Studies Included in Systematic Review 

Reference Country Year 
Months 

per 
cohort 

Dx N TRAD/ 
ACS 

Sx 
Response 

Time 

Time to 
OR LOS 

Total 
Complication 

Rate 

Lehane AUS 2010 24 AC 87/115 . Decreased Decreased Decreased 

Michailidou USA 2014 12 AC 94/234 . Decreased Decreased Decreased 
 

Milzman USA 2010 18 AA 60/60 . Decreased NS Decreased 

Pepingco AUS 2012 24 AC 114/157 . Decreased Decreased . 

Perry NZ 2010 14/10 All  5346/3836 . . Decreased . 

Pillai NZ 2013 29/31 AA 875/982 . NS Decreased NS 

Poh AUS 2013 12 AA 256/283 . NS NS NS 

Qureshi CDN 2011 18/12 AA 177/137 Decreased NS NS . 

Suen AUS 2014 18 AA 276/399 . Increased NS . 
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Appendix 1: Characteristics and Descriptive Results of Studies Included in Systematic Review 

Reference Country Year 
Months 

per 
cohort 

Dx N TRAD/ 
ACS 

Sx 
Response 

Time 

Time to 
OR LOS 

Total 
Complication 

Rate 

Wanis CDN 2014 12 
AA 
AC 

SBO 
286/294 . Decreased - . 

Dx = diagnosis, N = sample size, TRAD = traditional model, ACS = acute care surgery model, OR = operation, LOS = 
length of stay; NS = non-significant difference; . = not measured 
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Appendix 2 
 

 
Appendix 2: ICD 10 Disease Codes* 

Appendix Biliary Tract Colorectal Malignant 
Neoplasms 

K35 Acute appendicitis K80 Cholelithiasis C18 Colon 

K36 Other appendicitis K81 Cholecystitis C19 Rectosigmoid 
junction 

K37 Unspecified     
appendicitis 

K85.1 Biliary acute 
pancreatitis C20 Rectum 

K38 Other diseases of 
appendix 	  

C21.8 Overlapping lesion 
of rectum, anus, and 
anal canal 

*includes all subcategories unless otherwise specified 
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Appendix 3 
 
 

Appendix 3: Data Quality - Demographics 

Data Collected Location in Chart Quality 

Diagnosis Face sheet Electronic 

Origin hospital Face sheet Electronic 

RHA of origin hospital N/A N/A 

Admission hospital/service Face sheet Electronic 

Age at admission Face sheet Electronic 

Gender Face sheet Electronic 

BMI 
2007: Anesthesia pre-op 

checklist 
2011: EPR 

2007: Hand-written 
2011: Electronic 

Comorbidities 
ERP assessment 
Surgery consult 

Anesthesia consult 
Handwritten 

Previous laparotomy 
ERP assessment 
Surgery consult 

Anesthesia consult 
Handwritten 

Smoking status 

ERP assessment 
Surgery consult 

Anesthesia consult 
Anesthesia pre-op checklist 

Handwritten 

Medications DPIN Electronic 

Previous admission for 
same diagnosis (date, 

location) 

ERP assessment 
Surgery consult 

Previous admissions listed 
in chart 

Handwritten 
2011: EPR 
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Appendix 4 
 

Appendix 4: Data Quality - Interventions 

Data Collected Location in Chart Quality 

Non-Operative Interventions	  

Type Procedure note (eg, ERCP) Electronic 

Date Performed Nursing procedure record Hand-written 

Time Performed (Start 
time) Nursing procedure record Hand-written 

Location Performed Procedure note Electronic 

Ordered By 
Orders 
Consult 

Requisition 

2007: Handwritten 
2011: EPR 

Radiology	  

Type Radiology report Electronic 

Date Performed Radiology report Electronic 

Time Performed  
(Start time) 

2007: Nursing notes, 
radiology technician reports 

(progress notes) 
2011: Radiology report 

2007: Handwritten 
2011: EPR 

Location Performed Radiology report Electronic 

Ordered By 
Orders 

Requisition 
Radiology report 

2007: Handwritten 
2011: EPR 

OR	  

Type OR dictated report Electronic 

Date, Start Time, End 
Time Nursing OR record Handwritten 

Length of OR Calculated N/A 

Time of Day Calculated N/A 

Drain/Conversion OR dictated report Electronic 
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Appendix 4: Data Quality - Interventions 

Pathology Pathology report Electronic 

Excel Calculation: (((End_Date+End_Time)-(Start_Date+Start_Time))*24)*60 
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Appendix 5 
 

Appendix 5: Data Quality - Efficiency of Care 

Data Collected Location in Chart Quality 

Referring Facility 
Face Sheet 

Photocopied notes from referring 
facility 

Electronic 

Consult Date 
Consult 

Nursing notes 
ACSS Transfer Form* 

Handwritten 
Handwritten 
Handwritten 

Consult Time 

Consult 
Nursing notes 

ERP assessment 
ACSS Transfer Form* 

Fax time of transfer information 

Handwritten 
Handwritten 
Handwritten 
Handwritten 
Electronic 

Assessment Room Date/Time Nursing notes Handwritten 

Triage Time Triage sheet Electronic 

Transfer Time Calculated N/A 

Admit Date Face Sheet Electronic 

Admit Time Face Sheet Electronic 

Discharge Date Face Sheet Electronic 

Discharge Time Face Sheet 
Nursing notes 

Electronic 
Handwritten 

Total hospital LOS Calculated N/A 

ERP Assess Date ERP Assessment Electronic 

ERP Assess Time 
ERP Assessment 

Nursing Notes 
Orders 

Handwritten 
Handwritten 
EPR (2011) 

Time to ERP Assess Calculated N/A 

ERP-Sx Consult Date Consult 
 

Handwritten, EPR* (2011) 
 

ERP-Sx Consult Time 
ERP Assessment 

Consult 
Nursing Notes 

Handwritten 
Handwritten, EPR* (2011) 

Handwritten 

Sx Assess Date Consult Handwritten 
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Appendix 5: Data Quality - Efficiency of Care 

Sx Assess Time 
Consult 
Orders 

Nursing Notes 

Handwritten 
Handwritten, EPR (2011) 

Handwritten 

Time to Sx Assess Calculated N/A 

Time from ERP Assess to First 
Radiology Calculated N/A 

Time from Sx Assess to First 
Radiology Calculated N/A 

Time from Sx Assess to First 
Intervention Calculated N/A 

Time from Sx Assess to OR Calculated N/A 

Time from OR to Discharge Calculated N/A 

*Inconsistently present 
Excel Calculation: (((End_Date+End_Time)-(Start_Date+Start_Time))*24)*60   

 
 


