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Background: The consolidation of acute care surgery (ACS) services at 3 of 6 hospi-
tals in a Canadian health region sought to alleviate a relative shortage of surgeons able
to take emergency call. We examined how this affected patient access and outcomes.

Methods: Using the generalized linear model and statistical process control, we ana-
lyzed ACS-related episodes that occurred between 39 months prior to and 17 months
after the model’s implementation (z = 14 713).

Results: Time to surgery increased after the consolidation. Wait times increased
primarily for patients presenting at nonreferral hospitals who were likely to require
transfer to a referral hospital. Although ACS teams enabled referral hospitals to
handle a much higher volume of patients without increasing within-hospital wait
times, overall system wait times were lengthened by the growing frequency of
patient transfers. Wait times for inpatient admission were difficult to interpret
because there was a trend toward admitting patients directly to the ACS service,
bypassing the emergency department (ED). For patients who did go through the
ED, wait times for inpatient admission increased after the consolidation; however,
this trend was cancelled out by the apparently zero waits of patients who bypassed
the ED. Regionalization showed no impact on length of stay, readmissions, mortal-
ity or complications.

Conclusion: Consolidation enabled the region to ensure adequate surgical coverage
without harming patients. The need to transfer patients who presented at nonreferral
hospitals led to longer waits.

Contexte : Le regroupement des services chirurgicaux d’urgence (SCU) dans
3 hopitaux sur 6 d’une région sanitaire canadienne visait 3 contrer une relative
pénurie de chirurgiens capables d’effectuer les interventions d’urgence. Nous en
avons analysé I'impact sur 'accessibilité des services et sur les résultats chez les
patients.

Méthodes : A T'aide du modele linéaire généralisé et d’un contrdle statistique des
procédés, nous avons analysé les cas adressés aux SCU entre 39 mois précédant et
17 mois suivant ’entrée en vigueur du regroupement des services (2 = 14 713).

Résultats : L’intervalle avant I'intervention chirurgicale s’est allongé apres le
regroupement des services. Les temps d’attente ont principalement augmenté pour
les patients qui consultaient dans un hopital de premier recours d’ot ils étaient sus-
ceptibles d’étre réorientés vers un hépital de référence. Méme si les équipes des SCU
ont permis aux hopitaux de référence de gérer un volume beaucoup plus important
de patients sans augmentation du temps d’attente a ’hopital méme, le temps d’at-
tente dans son ensemble s’est prolongé a I’échelle du systéme en raison de I’ac-
croissement du nombre de transferts. Les temps d’attente pour les hospitalisations
ont été difficiles a interpréter parce qu’on avait tendance a admettre les patients
directement aux SCU, en contournant les services d’urgences. Pour les patients qui
passaient par les urgences, les temps d’attente pour une hospitalisation ont augmenté
apres le regroupement; toutefois, cette tendance a été compensée par 'attente pour
ainsi dire nulle des patients qui contournaient les services d’urgence. La régionalisa-
tion n’a exercé aucun impact sur la durée du séjour, les réadmissions, la mortalité ou
les complications.

Conclusion : Le regroupement a permis a la région d’assurer une couverture chirur-
gicale adéquate sans nuire aux patients. La nécessité de réorienter des patients vers les
hépitaux de référence a contribué a prolonger les temps d’attente.

© 2013 Association médicale canadienne



ccess to emergency or urgent surgery has become

a serious concern across North America and

beyond."” With the evolution of surgical subspe-
cialties there has been a relative decline in the availability
of surgeons who provide emergency care, particularly after
hours.”” Many health care organizations and systems have
sought to cope with the problem by consolidating surgical
services. There is growing international interest in the
acute care surgery (ACS) model, in which designated
resources, including the time of designated surgeons, are
set aside for emergency and/or urgent surgery. The model
may be implemented within a hospital, among hospitals
(regionalization), or both.

Past research has suggested that within-hospital ACS
consolidation can reduce wait times for emergency surgery,
and may sometimes improve patient outcomes.”” However,
the literature is dominated by uncontrolled pre—post
studies, which cannot rule out secular trends and other
confounders, such as adoption of new surgical practices, as
explanations for the observed results. Very few studies have
evaluated ACS consolidation on a regional level involving
multiple institutions. One study found that mortality and
length of stay (LOS) decreased over time within a region-
alized ACS service, but it did not compare these rates with
those observed before regionalization.”” Another study
found no significant change in mortality when high-acuity
surgery (including many procedures outside the scope of
emergency general surgery) was regionalized; there was an
ongoing decline in LOS, but this decline had begun before
regionalization." To our knowledge, no study has examined
wait times at the pan-regional level, taking into account
how transfers affect the patient journey. As the ACS model
becomes increasingly widespread, there is an urgent need
for further evidence on the impacts of ACS consolidation,
especially regional consolidation.

The Winnipeg Regional Health Authority (WRHA), an
urban health region in Western Canada (catchment popu-
lation 1.2 million), implemented the ACS model to sta-
bilize and sustain call schedules. The region had been
unable to fill the gaps through recruitment because there
was neither the volume of work nor the resources to sup-
port new recruits. This 6-hospital system consolidated
emergency general surgery at 3 referral sites, each of which
now includes a designated ACS team. A clinical lead or ser-
vice chief (funded position) is responsible for addressing
administrative needs and maintaining call schedules. One
surgeon covers the day shift (7:30-16:30) from Monday to
Sunday, providing continuity throughout the week. The
night shift (16:30-7:30, home-call) rotates among partici-
pating surgeons on a daily basis. Remuneration is a
blended model of a day and night stipend and fee-for-
service. A hospitalist was added to the ACS team at the
nonteaching site; hospitalists and/or physician assistants
play a smaller role at the teaching sites. The referral hospi-
tals have added daytime ACS slates, but not dedicated
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emergency operating rooms (ORs). To offset the increased
volume of ACS patients at the referral hospitals, both elec-
tive general surgery and orthopedic surgery cases have
been relocated to the nonreferral hospitals.

One hospital became a referral centre in April 2008,
another in December 2008. (A third offered ACS through-
out the study period but did not invite additional referrals.)
The consolidation succeeded in filling call schedules and
ensuring reliable access to an on-call surgeon. This study
sought to determine the impact of consolidation on patient
access and outcomes.

METHODS

Our analyses of administrative data included all adult pa-
tients (aged 20 years and older) with an ACS-related in-
patient stay at a WRHA hospital between 2005 and 2009.
The University of Manitoba Health Research Ethics Board
approved our use of this deidentified data for research pur-
poses. We defined “ACS-related” as an emergent admission
to the general surgery service, where the most responsible
diagnosis was gastrointestinal (GI)-related (ICD-10 K
codes [diseases of the GI system] or R10 codes [abdominal
pain]). This criterion was used because the most common
acute surgical conditions are Gl-related (e.g., appendicitis,
cholecystitis), whereas the most common types of emer-
gency general surgery outside the scope of the ACS con-
solidation (trauma and cancer-related surgery) are not. We
defined an “episode of care” as an acute care admission
with an eligible diagnosis and emergency department (ED)
visit that occurred within 24 hours (or, if a patient transfer
was reported, within 72 h) of another admission or visit.
Based on these criteria, we arrived at a sample of 14 735 epi-
sodes of care. In the interest of statistical independence of
observations, we then excluded episodes where the patient
had a recent prior episode. For tests of system responsive-
ness (time to surgery, time to inpatient admission) and
complications, we considered a recent episode to have
occurred in the previous 72 hours; for other tests of patient
management, we considered a recent episode to have
occurred in the previous 30 days.

The dependent variables included time to surgery (time
from first presentation at a WRHA hospital to first
surgery), time to inpatient admission (time from first pre-
sentation at a WRHA hospital to first inpatient admission),
LOS (total time from first inpatient admission to last in-
patient discharge), readmission (all-cause readmission to
any WRHA hospital within 30 d of being discharged alive),
death (in hospital or within 30 d of discharge) and compli-
cations (presence of 1 or more complications in surgical
patients; the data source included generalized complica-
tions, such as infection, hemorrhage and iatrogenic injury,
but not disease-specific issues, such as ruptured appendix).

The intervention period began on Apr. 1, 2008, with the
creation of the first referral site. Given the stepped nature
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of implementation, we considered dividing the interven-
tion period into 2 phases; however, phase 2 and its interac-
tion with linear time never reached significance in any
model and were therefore removed. Covariates included
month of last hospital discharge, sex, age, diagnostic cat-
egory (appendicitis, cholecystitis, intestinal obstruction,
pancreatitis, diverticulitis, other), operative status (under-
going an ACS-related procedure within 7 d of the start of
the episode; the list of eligible procedures was determined
by a surgeon who was blind to all other data), non-WRHA
facility (transfer to or from out-of-region facility during
the episode) and referral hospital (presenting at a hospital
that was or became a referral centre). The inclusion and
exclusion criteria and related sample sizes for each analysis
are provided in Table 1, and characteristics of the sample
are summarized in Table 2.

Statistical analysis

Analytic methods included statistical process control and
regression modelling. Statistical process control (SPC)
involves plotting the data on a control chart to examine
the timing and magnitude of any changes."" Results are
tested for significance according to rules that include
1 data point outside the upper and lower control limits,
6 consecutive data points ascending or descending and
9 consecutive data points above or below the mean. On
the control charts, the solid line represents the mean and
the dotted lines represent the upper and lower control
limits. We calculated these values based on the preinter-
vention period.

We used multiple linear regression for continuous (log-
transformed) variables and logistic regression for binary
variables. Before choosing this method, we used the
Durbin—-Watson test to check for autocorrelation of errors,
using data at the levels of both individual cases and
monthly aggregates.' These tests did not show significant
results (the Durbin—Watson statistic approached 2), indi-
cating that it was unnecessary to use a procedure, such as
ARIMA, to control for autocorrelation.

REesuLTs
Implementation of ACS

Between 2007 and 2009, ACS all but stopped at the 3 non-
referral centres, while the proportion of ACS episodes
handled at the 2 new referral centres increased by 71.5%.
The overall volume of general surgery patients rose per-
manently at 1 referral centre and temporarily at the other
(it should be noted that the consolidation also redistrib-
uted non-general surgery patients). A 4.5-fold increase
was observed in patient transfers among WRHA hospitals
for surgical consultation or treatment. Ambulance data
suggested that this increase was somewhat, but not fully
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offset by a decrease in the number of there-and-back
transfers for tests, such as computed tomography (see the
Appendix, Figs. S1 and S2, available at cma.ca/cjs).

Time to surgery

Our SPC analysis suggested some increase in wait times
after the intervention, although this trend did not reach
significance (Fig. 1). However, Figure 2 shows that when
the analysis was repeated for patients within the WRHA,
the finding clearly reached significance (more than 9 points
above the preintervention mean, with the rise beginning
around December 2008). This finding was explained by the
observation that the vast majority of non-WRHA patients
presented to 1 of the 3 ACS referral hospitals directly,
whereas about one-third of WRHA patients presented to a
non-ACS site (both before and after the intervention). Fur-
ther analysis confirmed that, whereas wait times stayed
fairly constant at referral hospitals, they rose sharply at
feeder hospitals after the intervention began (see the
Appendix, Figs. S3 and S4). This rise appeared to reflect

Table 1. Inclusion and exclusion criteria

Description; inclusion criteria No.
Total potential sample

All ACS episodes of care 14 735
Descriptive analyses

No ACS hospital stays within the past 72 h 14713
Time to surgery, log

No ACS hospital stays within the past 72 h 14713

ACS episode is not incidental 14 659

Surgical patient 9 056

Date and time of surgery available 7122

Surgery occurred during the recorded episode 7 052

Surgery occurred fewer than 7 d after start of episode 6722

No missing “transfer from” visit 6 605
Time to inpatient, log

No ACS hospital stays within the past 72 h 14713

ACS episode is not incidental 14 659

No missing “transfer from" visit 14 453
Length of stay, log

No ACS hospital stays within the past 30 d 14182

ACS episode is not incidental 14129

No missing “transfer to" visit 14107
30-d readmission

No ACS hospital stays within the past 30 d 14182

Discharge prior to the last month of data collection 13911

Discharged alive 13 654
30-d mortality (includes inhospital)

No ACS hospital stays within the past 30 d 14182

Discharge prior to the last month of data collection 13911
Complications

No ACS hospital stays within the past 72 h 14713

Surgical patient 9093

Surgery occurred during the recorded episode 7082

Surgery occurred fewer than 7 d after start of episode 6 748
ACS = acute-care surgery.




the increasing proportion of patients who were transferred
(from 18.8% to 70.6% of surgical patients presenting at
nonreferral hospitals), not an increase in the length of time
associated with a transfer (which did not change over the
study period). Supplementary analyses indicated that trans-
ferred patients waited a median of 5.5 hours longer than
nontransferred patients; depending on whether the patient
travelled by ambulance, 2-3 of these hours could be
accounted for by the transfer process. The remaining time
appeared to reflect pre- and posttransfer delays, such as
waiting for access to a bed or OR suite. The increased wait
did not seem to occur as a result of arriving at a particular
hospital (patients arriving at all nonreferral hospitals had
similar wait times), nor as a result of delays in being admit-
ted to a referral hospital (transfer patients were admitted
quickly and were fast-tracked to surgery). The region-wide
impact was a 1- to 2-hour increase in median wait times
every half-year after the consolidation.

Multiple linear regression confirmed these results (see
the Appendix, Table S1). Both for the sample as a whole and
more strongly for WRHA patients, there was a significant
interaction between the intervention and the episode date.
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"This indicated that time to surgery began to get longer after
the intervention was implemented. Significant intervention
effects were apparent at 12 and 18 months. There was also a
significant interaction between the intervention and type of
hospital: after the intervention, waits became longer at
feeder hospitals and slightly and temporarily shorter at refer-
ral hospitals. When the analysis was restricted to patients
who presented at referral hospitals (99% of whom remained
there), no intervention effect appeared. To ensure that miss-
ing data for “time to surgery” had not biased our results, we
performed a Poisson regression using days to surgery as the
dependent variable. The effects for intervention and month
as well as the interaction between them remained in the
same direction and reached significance in the WRHA sub-
sample (p = 0.041). The significant result is striking, consid-
ering the imprecision of the dependent variable, days to
surgery, whose value was 0 or 1 for 72% of episodes.

Time to inpatient admission

Wait times for inpatient admission were difficult to inter-
pret because the study period coincided with a trend toward

Table 2. Characteristics of the study sample

Group; no. (%)
Pre-model implementation Post-model implementation
January 2005-March 2008 April 2008-December 2009
Variable n=_8994 n=5719 Total, n=14713
Sex
Male 4175 (46.4) 2642 (46.2) 6817 (46.3)
Female 4819 (53.6) 3077 (63.8) 7 896 (53.7)
Age, yr
20-34 1876 (20.9) 1129(19.7) 3005 (20.4)
35-49 2 140 (23.8) 1303 (22.8) 3443 (23.4)
50-64 2109 (23.4) 1338 (23.4) 3447 (23.4)
65-79 1841 (20.5) 1195 (20.9) 3036 (20.6)
>80 1028 (11.4) 754 (13.2) 1782 (12.1)
Operative status®
Nonsurgical 3478 (38.7) 2 142 (37.5) 5620 (38.2)
Surgical 5516 (61.3) 3577 (62.5) 9093 (61.8)
Diagnostic category
Appendicitis 1433 (15.9) 946 (16.5) 2379 (16.2)
Cholecystitis 1561 (17.4) 1072 (18.7) 2633 (17.9)
Intestinal obstruction 1075 (12.0) 703 (12.3) 1778 (12.1)
Pancreatitis 586 (6.5) 331 (5.8) 917 (6.2)
Diverticulitis 555 (6.2) 375 (6.6) 930 (6.3)
Other 3784 (42.1) 2292 (40.1) 6076 (41.3)
Origin
WRHA 7915 (88.0) 4913 (85.9) 12 828 (87.2)
Non-WRHA 1079 (12.0) 806 (14.1) 1885 (12.8)
WRHA = Winnipeg Regional Health Authority.
*In this table, patients who had surgery at any time are counted as operative.
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admitting selected patients directly to the inpatient surgery
ward, bypassing the ED. There was no apparent wait time
for such patients, but this would seem to be an underest-
mate, since we do not know when they really presented in
the system. To avoid underestimating postintervention wait
times, we ran the analyses twice: once for patients who went
through the ED and again for the full sample.

For patients admitted through the ED, SPC analysis
showed an unmistakable increase in time to inpatient
admission (Fig. 3). The most dramatic increase coincided
with the jump in direct admissions, but some increase had
already become apparent by early 2008, before the inter-
vention period. However, the full-sample analysis sug-
gested a possible decrease in wait times during the inter-
vention period (Fig. 4).

The regression models echoed the findings that after
the intervention, wait times increased for admissions
through the ED but decreased for admissions as a whole,
although these effects varied in significance between
WRHA patients and the full sample (see the Appendix,
Table S2). As with time to surgery, the increased waits for
admissions through the ED were more apparent for
patients who presented to a nonreferral hospital (data not

Time to surgery: all patients
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Fig. 2. Time to surgery (log) for Winnipeg Regional Health
Authority (WHRA) patients.
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may balance each other out, or it could be argued that
1 trend is more important than the other. It is difficult to
draw overall conclusions without making assumptions
about the journey of patients who do not visit the ED.

Length of stay

On control charts, LOS seemed slightly shorter after the
intervention, but SPC analysis did not detect a significant
change (Fig. 5). However, when the sample was split by
operative status, this effect appeared only for nonsurgical
patients, with no intervention effect for surgical patients
(see the Appendix Figs. S5 and S6). In addition, the con-
trol chart for nonsurgical patients showed that any
decrease in LOS began in late 2007, which was well before
the intervention. Multiple regression revealed that LOS
began to rise after the intervention, but again only for
nonsurgical patients (see the Appendix, Table S3). These
findings suggest that any variation in LOS did not imply a
change in surgical outcomes.

Readmission, mortality and complications

Neither the SPC nor logistic regression detected an inter-
vention effect on 30-day readmission rates, 30-day mortal-
ity or surgical complications (see the Appendix, Table S4).
These outcomes occurred at virtually identical rates
before and after the intervention (13.5% v. 13.5% for re-
admissions, 2.4% v. 2.5% for mortality and 6.0% v. 6.2%
for complications). We also found that, compared with
patients who presented at an ACS referral hospital, pa-
tients who transferred there did not have longer LOS or
an elevated risk for complications, readmissions or death.
A supplementary analysis revealed that the proportion of
surgeries performed after hours did not change with the
intervention.

Discussion

To our knowledge, this study is the first to examine wait
times for ACS in a multi-hospital system, linking together
episodes of care that were separated by transfers to meas-
ure the entire patient journey. The main limitations of this
work, the lack of randomization and the inability to con-
trol for illness severity, are offset by the long interrupted
time series design. This represents an advance over prior
studies, which have featured simple pre—post or year-to-
year comparisons. Through SPC, we were able to pin-
point the timing of observed effects, reducing the risk of
bias from secular trends and unrelated developments.

The ACS intervention included both the region-wide
consolidation of ACS and hospital-specific efforts to
improve patient access through a designated ACS team. At
the hospital level, strategies to improve access for ACS
patients do appear to have helped. The new referral hospi-
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tals are handling a much higher volume of ACS patients
than before, without increasing the amount of time
between presenting at that hospital and receiving surgery.
This achievement may be partly attributed to a reduced
load of non-ACS patients, but may also reflect improved
processes. There has also been a move toward streamlining
inpatient admissions by allowing referred patients to
bypass the ED. However, for the entire patient population
served by the 6 hospitals, this study showed a longer aver-
age wait for access to emergent surgery following the ACS
consolidation. The efficiency gains that may have occurred
at the hospital level do not outweigh the extra time spent
transferring patients who present at a nonreferral hospital.

The ACS intervention does not appear to have affected
patient outcomes, with no changes in LOS, complications,
readmissions or mortality. Thus, there is no evidence that
the observed increase in wait times has harmed ACS
patients. Since we relied on broad definitions of both the
patient population and the outcomes of interest, it remains
possible that we failed to detect certain positive and/or
negative effects. In particular, since we were unable to con-
trol for severity of illness, we cannot determine whether
the consolidation might have beneficially or adversely
impacted the subgroup of complex and unstable patients
(we would note that the policy of direct admission to a sur-
gical ward does not apply to unstable patients, who are
triaged to the ED; however, such patients may have been
affected by other aspects of the consolidation). In addition,
it is difficult to use LOS as a proxy for outcomes when the
intervention involves shifting patients among hospitals that
may differ in average LOS. Moreover, although our data
included all of the most common ACS conditions, we may
have missed some relevant diagnoses, and we found it too
difficult to track the journey of patients whose ACS
episodes were incidental to another hospital admission. In
future, the creation of an ACS registry would permit the
definitive identification of ACS patients. However, the best
available data suggest that the consolidation did not affect
broad outcomes across the ACS population.

This study did not track the potential impacts of ACS
consolidation on non-ACS patients. Benchmarking data
collected annually from 2007/08 through 2010/11 detected
no significant changes in adverse outcomes (readmission,
in-hospital mortality) for acute myocardial infarction or
stroke patients at the referral hospitals, nor was there an
increase in the number of hospital admissions for ambula-
tory care—sensitive conditions. These data provide no a
priori evidence of patient harm, but firm conclusions can-
not be drawn without more sensitive and frequent mea-
sures of emergency patient outcomes.

CONCLUSION

Our findings suggest that a regional ACS model can
ensure adequate emergency surgical coverage without
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threatening patient outcomes. This makes it a viable solu-
tion to a health human resources problem that has be-
come increasingly serious in Canada, the United States
and elsewhere. Patient outcomes were not impacted;
however, the growing number of patient transfers
brought an overall increase in wait times. The WRHA
has recognized a need to improve the current system so
that all patients experience a smooth journey without
delays; it is currently working to streamline the transfer
process while also reducing surgical volume at referral
hospitals by redirecting other types of surgery. The sys-
tem is still evolving, and benefits may be realized as it
develops. With time, ACS patients may gravitate and be
directed toward the referral sites, with a lower proportion
presenting at non-ACS facilities. What is clear, however,
is that regionalization brings its own challenges, and evi-
dence on the outcomes of within-hospital ACS consolida-
tion cannot necessarily be generalized to the regional
level. Returning to a model with unpredictable gaps in
the emergency call schedule would not be an option for
the WRHA, nor for other regions in similar situations;
however, our findings do not provide grounds for whole-
sale adoption of the model regardless of context. It re-
mains essential for jurisdictions that implement a regional
ACS model to carefully monitor its impacts — both
intended and unintended.
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