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BACKGROUND: Few diseases truly require emergency surgery today. We investigated the relationship between access to operating room (OR) and
outcomes for patients with life-threatening emergency general surgery (LT-EGS) diseases at US hospitals.

METHODS: In 2015, we surveyed 2,811 US hospitals on EGS practices, including how OR access is assured (e.g., OR staffing, block time).
There were 1,690 (60%) hospitals that responded. We anonymously linked survey data to 2015 Statewide Inpatient Sample data
(17 states) using American Hospital Association identifiers. Adults admitted with life-threatening diagnoses (e.g., necrotizing fas-
ciitis, perforated viscus) who underwent operative intervention the same calendar day as hospital admission were included. Primary
outcomewas in-hospital mortality. Univariate and multivariable regression analyses, clustered by treating hospital and adjusted for
patient factors, were performed to examine hospital-level OR access variables.

RESULTS: Overall, 3,620 patients were admitted with LT-EGS diseases. The median age was 63 years (interquartile range, 51–75), with half
having three or more comorbidities (50%). Thirty-four percent had one or more major systemic complication, and 5% died. The
majority got care at hospitals with less than 1 day of EGS block time but with policies to ensure emergency access to the OR. After
adjusting for age, sex, race, insurance status, comorbidities, systemic complications, and surgical complications, we found that less
presence of an in-house EGS surgeon, compared with around the clock, was associated with increased mortality (rarely/never in-
house surgeon: odds ratio, 2.4; 95% confidence interval [CI],1.1–5.3; sometimes in-house surgeon: odds ratio, 1.6; 95% CI,
1.1–2.3). In addition, after controlling for other factors, on-call overnight recovery room nurse, compared with in-house, was as-
sociated with an increased mortality (odds ratio, 2.2; 95% CI, 1.5–3.1).

CONCLUSION: Round-the-clock availability of personnel, specifically emergency general surgeons and recovery room nurses, is associated with
decreasedmortality. These findings have implications for the creation of EGS patient triage criteria andAcute Care Surgery Centers of
Excellence. (J Trauma Acute Care Surg. 2019;87: 35–42. Copyright © 2019 American Association for the Surgery of Trauma.)

LEVEL OF EVIDENCE: Therapeutic, level III.
KEYWORDS: Emergency general surgery; mortality; survey.

S urgeons providing emergency general surgery (EGS) care
provide urgent evaluation and possible operation for patients

with numerous diseases of varying severity, ranging from appen-
dicitis to necrotizing soft tissue infections (NSTI). Not all surgi-
cal emergencies are equal.1 Most surgeonswould agree that only
a subgroup of surgical emergencies are life-threatening.1 Typi-
cally, life-threatening (LT) EGS is indicated for diseases which,
in the absence of expeditious source control, can progress rapidly
to severe systemic illness, loss of affected organs, or even death.
Thus, prompt identification and treatment of these diseases, such
as perforated viscus and necrotizing fasciitis, is an imperative for
health systems and surgeons providing EGS care.

Physiologic derangement of LT-EGS disease includes
septic shock (perforation and/or obstruction of the gastrointes-
tinal tract, with or without abdominal organ ischemia/necrosis)
or hemorrhagic shock (without tissue injury).2 Survival is en-
hanced by early surgical intervention before the development
of physiologic derangement.3 Timing of surgical intervention
is crucial for LT-EGS diseases. Delay in access to the operating

room has been shown to be associated with increased mortality.4

For perforated peptic ulcer disease, an LT-EGS disease, patients
hadworse outcomes if theywere operated onmore than 24 hours
after their perforation.5 For NSTI, the average time to the oper-
ating room was less than 24 hours for those who survived, com-
pared with more than 24 hours for those who died.3,6

The acute care surgery model has been shown to decrease
time to the operating room for non–LT-EGS7–10 and LT-EGS
diseases.11 However, little is known about factors of a dedicated
EGS service that contribute to the improved outcomes associated
with acute care surgery models. It is unclear whether the pro-
cesses, policies, or personnel availability of hospitals are associated
with outcomes of patients with LT-EGS diseases. Therefore, the
aim of our study was to investigate the relationship between access
to operative intervention at hospitals across the United States and
outcomes for LT-EGS diseases. We hypothesized that outcomes, in
particular mortality, would be improved at hospitals with dedicated
resources for round-the-clock access to emergency operations.

METHODS

In 2015, we surveyed 2,811 hospitals across the United
States regarding their EGS practices, including how to access
surgical care is assured through a number of key structural and
process features (e.g., overnight presence of EGS surgeon, scrub
technicians, operating room nurses, recovery room nurses, anes-
thesiologists, and certified registered nurse anesthetists;, EGS
surgery block time; process for tiering emergency cases). Here-
after, these will be referred to as, “OR access resources.” The
methods of the survey development and implementation have
been previously described.12 In total, 1,690 US hospitals were
represented in our survey data (60.1% response).

Respondent answers to queries regarding OR access struc-
ture and process measures were anonymously linked to 2015
State Inpatient Databases (SID) using American Hospital Asso-
ciation Unique identifiers (AHAID). The SID are a product of
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the Healthcare Cost and Utilization Project (HCUP) with 48
states currently participating. Each SID is an all-payer database
that includes inpatient discharge records from community hospitals
(nonfederal, nonprison, accessible to any community member) in
any given state that is translated by HCUP into a uniform format
to facilitate multi-state comparisons and analyses. Together, the
SID encompass about 97% of all US community hospital dis-
charges.13 In 2015, 17 states released data with AHAID thus
allowing for linkage to survey responses from the 368 hospitals
in our overall sample located in those states.

From SID data, we identified all emergent/urgent admis-
sions for adults 18 years and older to acute care hospitals with
a primary LT-EGS diagnoses (e.g., necrotizing fasciitis, perfo-
rated viscus, strangulated hernia) (Supplemental Digital Con-
tent, Appendix 1, http://links.lww.com/TA/B371) requiring an
operation (Supplemental Digital Content, Appendix 2, http://
links.lww.com/TA/B371) on the date of admission. Since only
dates, and not times, of procedures are coded in the SID data, op-
eration on the same date as admission was considered an emer-
gency operation. Patients who did not undergo operation were
excluded to prevent double counting patients treated at more
than one hospital for the same episode of an LT-EGS condition
and to exclude those who did not undergo surgery but rather
died soon after admission due to unmeasured reasons, such as
preexisting code status. The primary outcome was in-hospital
mortality. Secondary outcomes included length of stay, systemic

complications, and surgical complications (Supplemental Digi-
tal Content, Appendix 3, http://links.lww.com/TA/B371).

Using bivariate and multivariable models, we measured the
association between the outcome of interest and the treating
hospital's OR access resources.Multivariablemodelswere adjusted
for patient demographic characteristics and clinical covariates, in-
cluding age, sex, race, insurance status, Elixhauser comorbidity
index,14 systemic complications, and surgical complications.
This research was reviewed and approved by the institutional re-
view boards at both the University of Massachusetts Medical
School and the Ohio State University College of Medicine.

RESULTS

We identified 3,620 patients with LT-EGS diagnoses re-
quiring surgical intervention on the same calendar day as hospi-
tal admission (Fig. 1). Table 1 shows the hospital level resources,
policies, or procedures aimed at ensuring access to operation. Of
the 368 hospitals, majority had EGS block time of less than
1 day, an overnight surgeon available, and always or often had
the daytime on-call surgeon working postcall. Table 2 describes
characteristics, interventions, and outcomes for our cohort. The
median age was 63 years (interquartile range [IQR], 51–75),
with 50% having three or more comorbidities. 34% had one or
more major systemic complication, 31% had a major operative
complication, and 5% died.

Figure 1. Flow diagram of the creation of the study's cohort and patient outcomes.
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Table 3 shows patient-level differences in exposure to
hospital-level operating room resources among patient who died
and were discharged alive. The median number (IQR) of operat-
ing rooms in hospitals where patients survived to discharge was
19 (IQR, 9–28) compared to a median of 20 operating rooms
(IQR, 10–33) in hospitals where patients died (p = 0.03).
Figure 2 shows unadjusted and adjusted odds ratio for patients
with each operating room access variable. After adjusting for
age, sex, race, insurance status, comorbidities, systemic complica-
tions, and surgical complications, we found that less availability
of an in-house EGS surgeon, compared to “around the clock,”
was associated with increased mortality (rarely/never in-house
surgeon: odds ratio, 2.4; 95% CI, 1.1–5.3; sometimes in-house
surgeon: odds ratio, 1.6; 95% CI, 1.1–2.3). In addition, after con-
trolling for other factors, on-call overnight recovery room nurse,
compared with in-house, was associated with increased mortality
(odds ratio, 2.2; 95% CI, 1.5–3.1). On-call overnight anesthesia

TABLE 1. Hospital Level Resources, Policies, or Procedures Aimed
at Ensuring Access to Operation

Resource, Policy, or Procedure Aimed
at Ensuring Access to Operation

No. Hospitals,
n = 368 (%)

Total operating rooms, median (IQR) 19 (9–28)

Block time for EGS

<1 day (none, <1) 276 (75.0%)

1–4 days (1,2, 3, 4) 15 (4.1%)

≥5 days (5, >5) 65 (17.7%)

Tiered system for booking emergent surgical cases 235 (63.9%)

Process to defer elective cases 251 (68.2%)

Overnight OR access available 364 (71.4%)

Total number of surgeons covering EGS, Median (IQR) 5 (3, 8)

Daytime surgeons covering EGS free of other clinical duties 57 (15.5%)

Daytime surgeon on call for EGS working postcall

Always/often 280 (76.1%)

Sometimes 40 (10.9%)

Rarely/never 31 (8.4%)

Daytime EGS coverage scheme

On service weeks—5 consecutive days or greater (reference) 50 (13.6%)

Ad hoc daytime shift coverage 34 (9.2%)

Traditional 24-hour coverage 228 (62.0%)

Other 13 (3.5%)

In-house surgeon overnight for EGS

Always/often 132 (35.9%)

Sometimes 23 (6.3%)

Rarely/never 196 (53.3%)

Overnight surgeon also responsible for covering trauma

Always/often 235 (63.9%)

Sometimes 16 (4.3%)

Rarely/never 101 (27.4%)

Overnight surgeon also responsible for covering ICU care

Always/often 132 (35.9%)

Sometimes 34 (9.2%)

Rarely/never 186 (50.5%)

Overnight surgeon also responsible for covering EGS
at more than one hospital

Always/often 55 (14.9%)

Sometimes 40 (10.9%)

Rarely/never 256 (69.6%)

Overnight scrub technicians

None —

On-call 248 (67.4%)

In-house 113 (30.7%)

Overnight OR nurses

None —

On-call 250 (67.9%)

In-house 111 (30.2%)

Overnight recovery room nurses

None 7 (1.9%)

On-call 293 (79.6%)

In-house 58 (15.8%)

Overnight anesthesia staff (MD, DO, CRNA)

None 44 (12.0%)

On-call 192 (52.2%)

In-house 121 (32.9%)

Total may not add to 368 given missing data from variables. SNF, Skilled nursing
facility; LTAC, Long-term acute care hospital.

TABLE 2. Characteristics, Interventions, and Outcomes for
Patients Admitted in 2015 to 368 Hospitals in 17 States With
a LT-EGS

Variables
Patients With LT-EGS
(N = 3,620), n (%)

Demographics

Age (median, IQR) 62.5 (51–75)

Male 1,737 (48.0)

Race

Non-Hispanic White 2,720 (75.1)

Black 286 (7.9)

Hispanic 158 (4.4)

Other 88 (2.4)

Unknown 368 (10.2)

Insurance

Medicare 1,665 (46.0)

Medicaid 475 (13.1)

Private 1,204 (33.3)

Self-pay 159 (4.4)

Other 116 (3.2)

Arrival status

Directly to ER 3,401 (94.0)

From Skilled nursing facility, rehab,
LTAC

164 (4.5)

For other acute care hospital 55 (1.5)

LT-EGS condition category

NSTI 150 (4.1)

Intra-abdominal catastrophe 3,470 (95.9)

Comorbidities

Elixhauser Index

No comorbidities 505 (13.9)

1 comorbidity 659 (18.2)

2 comorbidities 633 (17.5)

3 or more comorbidities 1,823 (50.4)

Outcomes

In-patient mortality 181 (5.0%)

Total hospital length of stay, median (IQR) 7 (5–10)

Major systemic complications 1,230 (34.0)

Major operative complications 1,131 (31.2)
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TABLE 3. Patient-Level Differences in Exposure to Hospital-Level OR Resources Among Patient Who Died and Were Discharged Alive

Hospital Level Resources, Policies, or Procedures Aimed
at Ensuring Access to Operation

Survived to Discharge
(n = 3439), n (%) Died (n = 181), n (%) p value

Total operating rooms, median (IQR) 19 (9–28) 20 (10–33) 0.03

Block time for EGS 0.40

<1 d (none, <1) 2,150 (62.5) 110 (60.8)

1–4 d (1, 2, 3, 4) 231 (6.7) 8 (4.4)

≥5 d (5, >5) 960 (27.9) 55 (30.4)

Tiered system for booking emergent surgical cases 2,510 (73) 144 (79.6) 0.38

Process to defer elective cases 2,476 (72) 136 (75.1) 0.97

Overnight OR access available 3,417 (99.4) 178 (98.3) 0.98

Total number of surgeons covering EGS, Median (IQR) 5 (3, 8) 7 (4, 9) 0.87

Daytime surgeons covering EGS free of other clinical duties 745 (21.7) 47 (26) 0.26

Daytime surgeon on call for EGS working postcall (%) 0.78

Always/often 2,118 (61.6) 109 (60.2)

Sometimes 480 (14) 28 (15.5)

Rarely/never 648 (18.8) 37 (20.4)

Daytime EGS coverage scheme 0.46

On service weeks—5 consecutive days or greater (reference) 524 (15.2) 26 (14.4)

Ad hoc daytime shift coverage 518 (15.1) 35 (19.3)

Traditional 24-hour coverage 2,023 (58.8) 104 (57.5)

Other 66 (1.9) 5 (2.8)

In-house surgeon overnight for EGS 0.01

Always/often 1,627 (47.3) 105 (58)

Sometimes 269 (7.8) 7 (3.9)

Rarely/never 1,358 (39.5) 63 (34.8)

Overnight surgeon also responsible for covering trauma 0.16

Always/often 2,223 (64.6) 129 (71.3)

Sometimes 133 (3.9) 3 (1.7)

Rarely/never 898 (26.1) 43 (23.8)

Overnight surgeon also responsible for covering ICU care 0.45

Always/often 1,335 (38.8) 79 (43.6)

Sometimes 381 (11.1) 17 (9.4)

Rarely/never 1,534 (44.6) 77 (42.5)

Overnight surgeon also responsible for covering EGS at more than one hospital 0.17

Always/often 420 (12.2) 21 (11.6)

Sometimes 391 (11.4) 13 (7.2)

Rarely/Never 2,432 (70.7) 139 (76.8)

Overnight scrub techs 0.04

None — —

On-call 1,534 (44.6) 66 (36.5)

In-house 1,865 (54.2) 111 (61.3)

Overnight OR nurses 0.17

None — —

On-call 1,560 (45.4) 72 (39.8)

In-house 1,839 (53.5) 105 (58)

Overnight recovery room nurses <0.01

None 53 (1.5) 2 (1.1)

On-call 2,405 (69.9) 100 (55.2)

In-house 929 (27) 74 (40.9)

Overnight anesthesia staff (MD, DO, CRNA) 0.20

None 95 (2.8) 2 (1.1)

On-call 1,464 (42.6) 70 (38.7)

In-house 1,838 (53.4) 106 (58.6)
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staff (MD, DO, CRNA), compared with in-house was associated
with a 1.4 times increased odds ofmortality, however, was not sig-
nificant (95% CI, 0.96–1.2).

DISCUSSION

Although a myriad of studies report improved out-
comes associated with a dedicated EGS service, such as
an acute care surgery model,7–9,11,15,16 little was previously
known regarding specific resources which contributed to
the improved survival among EGS patients. This present
study found that round-the-clock availability of personnel,
specifically emergency general surgeons and recovery room
nurses, was associated with decreased mortality. Interestingly,
we found that processes and policies to expedite OR access dur-
ing the day was not associated with improved survival. This is

the first study to demonstrate the relationship between round-
the-clock presence of personnel and improved survival among
patients with LT-EGS diseases. In an era when EGS comprises
a significant proportion of mortality associated with the field
of general surgery,17 it is crucial that we strive to implement
EGS processes that will reduce the mortality rates nationally.

Single-center studies have previously shown that avail-
ability of emergency general surgeons, as proxy of utilization
of an acute care surgery model, may improve outcomes. Early
et al.9 suggested that increased availability of surgeons may be
associated with shorter time to operative intervention for appen-
dicitis. In addition, Moore et al.11 reported that increased avail-
ability of EGS surgeons appears to improve survival among
patients undergoing emergent colon resection. Neither studies
investigated the availability of emergency general surgeons as
a dependent variable, but rather suggested that the availability

Figure 2. Unadjusted and adjusted odds ratio for patients from hospitals with or access variables.

Daniel et al.
J Trauma Acute Care Surg

Volume 87, Number 1

40 © 2019 American Association for the Surgery of Trauma.

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.



of surgeons is what may have driven the relationship between
acute care model utilization and improved patient outcomes.
Compared with previous studies, our study is unique given that
we deliberately studied the availability of personnel, and our re-
sults represent more granular operating room access variables
with data from 17 states. We included variables studying OR
processes and policies to expedite OR access, and none of these
variables were significant. Therefore, it is less likely that our re-
sults are related to increased availability of personnel being a
surrogate for a well-resourced hospital. Understanding which
specific EGS structures and processes expedite operative inter-
vention will aid in the development of highly effective EGS care
teams in an era of decreasing access to EGS care.12

The disproportionately higher mortality associated with
EGS compared with elective surgery17–19 may be due to vari-
ability of EGS care nationally20,21 in addition to patient variabil-
ity, such as acute physiology and chronic comorbidities. We
found that processes at the system level, such as a having a tiered
system to book emergent surgical cases occurred in less than
half of the hospitals. This is one example of the variability be-
tween hospitals in processes. In addition, system variability,
such as EGS workforce and operating room access, may be just
as crucial. Columbus et al.20 suggested that system variability is
one potential domain for quality improvement in EGS care.
McIsaac et al.4 also showed that the predominant reason for de-
lay was system issues, such as the physician availability and
physical resources. These delays to the operating room, how-
ever, are associated with greater mortality of patients.4

Given the results of this study, strategies to improve the
availability of surgeons and recovery room nurses must be ur-
gently sought. A potential solution to improve availability of op-
erating room staff and resources may be the widespread
adoption of acute care surgery models to provide EGS care. It
is important to highlight that our previous work demonstrated
that certain hospitals, such as large hospitals with academic af-
filiations, may have the needed infrastructure, resources, and
human capital to support an acute care surgery model provid-
ing round-the-clock staffing and resources.21 To prevent poor
outcomes among hospitals unable to provide these necessary
infrastructure and human capital to expedite access to operative
intervention in true emergencies, regionalization of Acute Care
Surgery into Centers of Excellence may prove beneficial.

Our results must be understood in the context of a num-
ber of limitations. Although we have robust primary data
representing OR access resources from 368 hospitals in the
United States capable of providing EGS care, our survey, like
all such surveys utilizing self-reported data, is subject to social
desirability bias, recall bias, and lack of generalizability. How-
ever, our stepwise method of survey creation and pilot testing,
along with our high response rate, mitigate these risks. In addi-
tion, our patient-level outcomes data are generated from admin-
istrative data; limitations of such data sets include the possibility
of systematic upcoding and lack of clinical granularity. In addi-
tion, given the definition of LT-EGS as the same calendar day as
hospital admission, we may have underrepresented the number
of LT-EGS cases. If a patient with LT-EGS disease presented
to the hospital and underwent LT-EGS within 24 hours, yet the
surgery was on the calendar day following admission, the patient
was not classified as LT-EGS in an attempt to be conservative.

Despite these limitations, this study is unique given that we
linked the surgeons' responses about EGS processes and hospi-
tal characteristics with patient outcomes extracted from state-
wide databases. In addition, focusing on LT-EGS diseases,
instead of all EGS diseases that include non–life-threatening
diseases, created a more homogenous population of patients.

This study reveals an important aspect of improving
LT-EGS care. Round-the-clock in-house availability of person-
nel, specifically EGS surgeons and recovery room nurses, may
need prioritization to improve the timeliness of LT-EGS care.
That people are in fact more important than policies aimed at en-
suring OR access has important implications for the design of
optimal EGS care deliverymodels. Given the resource intensive-
ness required for all hospitals to have round-the-clock in-house
EGS staff, there are implications for the creation of EGS patient
triage criteria and acute care surgery centers of excellence.
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EDITORIAL CRITIQUE
Dr. Daniel and colleagues have linked the HCUP Statewide

Inpatient Sample data with survey data identifying availability of

surgical resources to address whether having an in-house sur-
gical attending and team, rather than an on-call team, would
improve patient outcomes. Their data analyses imply that in-
house surgical coverage is critical to patient outcomes from
truly emergent surgical disease. These data however must be
taken in context.

There is a growing evidence to suggest a volume to out-
comes relationship for emergency general surgery (EGS). Specif-
ically, hospitals with higher EGS volumes have better outcomes.
The authors were unable to assess hospital size, volume of EGS
operations or trauma center designation; without these data they
are unable to determine whether having in-house surgical cover-
age was merely a surrogate for larger hospitals, with higher vol-
umes of EGS and therefore better outcomes.

The authors focused on patients who had their care de-
livered within a 24-hour period but not actual time to source
control, a level of granularity that addresses the crux of emer-
gency surgical care. This again would beg the question whether
institutions with in-house surgical teams better reflect the ready
availability of a wide range of resources necessary to care for
critically ill patients.

Finally, while I applaud the successes of the trauma
system, I think we need to be cautious when discussing re-
gionalization of emergency general surgery. Most EGS is
performed in the 90% of hospitals that are outside of the
trauma systems. Many of these institutions represent criti-
cal access hospitals that may not have the volume of EGS
or the patient acuity to support costly in-house surgical re-
sources. Recent work from Dr. Shahid Shafi would suggest
that only 5% of EGS patient have a degree of complexity
that would mandate tertiary or quaternary care. We must
thoughtfully balance resources to patient need to assure op-
timal care.

I would like to congratulate the authors for taking on a
question which will continue to confound national surgical lead-
ership as we endeavor to provide optimal care for our patients
with time critical surgical disease. This is a timely and important
topic that deserves ongoing investigation.
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