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Objectives: Emergency abdominal surgery (EAS) refers to high risk intra-abdominal surgical procedures associated
with increased mortality risk and long length of hospital stay. The variation between hospital volume and hospital length
of stay (LOS) of patients undergoing EAS is poorly understood. Our objective was to explore this relationship across
public hospitals in Ireland.

Methods: Data for all adult episode discharges from public Irish hospitals in 2014-2017 were obtained from National
Quality Assurance Improvement System (NQAIS) Clinical with EAS identified by primary procedure codes. Hospitals
were categorised into low (n<200), medium (n=200-400), and high (n>400) volume groups based on the number of EAS
episodes during the study period. Negative binomial regression models were applied to standardise for patient case mix.
Several adjusted LOS measures were compared across the three volume groups. Sensitivity analysis was conducted to
test the robustness of our findings.

Results: 8120 hospital episodes across 24 public hospitals providing EAS services were analysed. 7 were categorised
as low, 9 as medium, and 8 as high-volume hospitals. High volume hospitals had a significantly longer adjusted LOS
(24.7 days) relative to low and medium volume hospitals (18.2 and 18.6 days). Sensitivity analysis consisted of the
exclusion of the following hospital episodes: in-hospital death, cancer diagnosis, Charlson comorbidity index (CCI) >0,
admission from other hospitals, and discharge to other hospitals. No single variable influenced the observed LOS
variation, although when the more complex episodes were excluded, the post-operative LOS at low and medium volume
hospitals was significantly shorter compared to high volume hospitals (by 1.1-6.1 days). Intensive care unit (ICU) LOS
was similar in all three hospital volume groups although low volume hospitals appeared to have more ICU admissions
and longer stay (by up to 1.6 days).

Conclusions: Our findings indicate that patients treated at low volume hospitals have shorter LOS and may be
discharged earlier than from high volume hospitals. This finding is surprising, suggesting that concentration of services
to larger clinical departments may not necessarily reduce LOS and improve the efficiency of resource utilisation and
service delivery.
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Introduction

Emergency abdominal surgery (EAS) is the collective term for a variety
of urgent intra-abdominal surgical procedures undertaken for
gastrointestinal conditions. This is high risk surgery associated with
considerable rates of morbidity and mortality and increasing rates among
older patient groups [1-3]. Patient and surgical system factors impact
both resource use and outcomes for EAS patients. EAS patients represent
a vulnerable group, as the acute nature of symptoms requires urgent care
delivery, resulting in limited choice of hospital. Addressing the
importance of providing high quality and safe EAS care and outcomes is
an important public health concern, requiring considerable resources.
Mean LOS, defined as the total number of days stayed by all in-patients
during a year, divided by the number of hospital episodes (discharges),
is often used as a proxy measure for hospital resource utilisation thus
reflecting the efficiency of care delivery [4-6]. Reported variation in the
risk-adjusted LOS between hospitals is often a reflection of the
differences in the efficiency of hospital care delivery [7-9]. Variation in
the risk-adjusted hospital LOS measures following high risk surgery, has
been reported as the resulting impact of hospital volume [10, 11]. Shorter
mean total LOS and post-operative LOS at high volume hospitals have
been reported, yielding to improved outcomes for patients following
high risk surgery [12-16]. Similarly, an Irish study investigating LOS
among emergency colorectal surgery admissions found total LOS to be
significantly shorter among patients admitted to higher volume hospitals,
who were older and with co-morbidities [17]. A study evaluating the
impact of surgeon volume, reported total LOS to be 1.3 days shorter
among high-volume surgeons and post-operative LOS reduced by 0.92
days, when high volume surgeons were compared to low volume
surgeons [18].

In the Republic of Ireland, current EAS practices and comparative LOS
measures have not, to date been reported. Our objective was to perform
such an analysis. Specifically, this study explores the variation in
hospital LOS and hospitals categorised by the volume of hospital
episodes. LOS was the primary outcome used, as a proxy measure for
resource utilisation. Results from such analysis can inform policy
decisions and provide important contributions to the debate about future
planning and quality and efficiency improvements of EAS services in
Ireland.

Methods
| Healthcare Context

In the Republic of Ireland, all residents are entitled to receive publicly
funded health care, organised and delivered by the Health Service
Executive (HSE). Public hospitals are divided into seven hospital groups
with geographically defined catchment areas, with each group
designated to at least one Cancer Centre and other hospitals, classified
into 4 levels (“models”), providing increasing complexity care at each
level. Model 3 hospitals provide acute surgical services to
undifferentiated surgical patients, and model 4 hospitals, additionally,
accept tertiary referrals [19]. Twenty-four hospitals provide acute
surgical services, with 24-hour on-call operations for emergency
services. In each hospital, data from patient medical records is coded by
trained coders and submitted to the national Hospital In-Patient Enquiry
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(HIPE) System. The National Quality Assurance & Improvement
System (NQAIS) is a data extraction system by which HIPE data can be
retrieved and analysed [20]. This study is reported according to the
RECORD Guidelines, an extension to the STROBE Guidelines [21].

|1 Data Material and Extraction

Each HIPE discharge record holds demographic, clinical and
administrative data for completed in-patient episodes. All procedures
and diagnoses are coded according to the Australian Classification of
Health Interventions (8" Ed.), and the International Classification of
Diseases (ICD-10-AM, 2013) [22]. All public hospitals reporting data to
HIPE were included in this study. From the NQAIS Clinical database
2014-2017, primary procedure codes representing EAS were identified
by general and colorectal surgeons, delivering emergency intra-
abdominal surgery (Appendix I). Appendicectomy was excluded, as it
represents different risk and complexity relative to other intra-abdominal
procedures. Data relating only to emergency hospital discharges for
patients over 16 years were included, and no restriction was imposed on
clinical specialty. Children’s hospitals and hospitals with a volume of
less than 10 annual EAS procedures were also excluded. For each
hospital episode, the following variables were available: sex, age,
medical card status (indicates entitlement to receive free public health
services based on socio-economic indicators), cancer diagnosis (based
on primary diagnosis), source of admission (home, other hospital,
nursing home), intensive care unit (ICU) admission, length of stay
measures, discharge destination, Charlson comorbidity score index
(CCl) categorization (0 (no comorbidity), 1-3, 4-6, 7-9, 10+ (high
comorbidity)).

The primary outcome measure was LOS, and we used four readily
available variables in the NQAIS system:

1.  Total LOS - duration from admission to discharge.

2. Pre-operative LOS - duration from admission to first surgery.

3. Post-operative LOS — duration from first surgery to discharge.

4 ICU LOS —time spent in intensive care.

111 Volume Categorisation

To explore the variation between hospital volume and LOS, hospital
volume was categorised by the total number of episodes of care during
the study period into: low volume (n<200), medium volume (n=200-
400), and high volume (n>400). The 25" and 75" percentile volumes
were identified as cut-off points. One of the 8 designated national cancer
centres was re-categorised from the medium to the high-volume group,
to ensure all specialist regional centres represented this grouping. The
medium volume group was used as the reference category.

1V Analysis

Variation of LOS associated with hospital volume was assessed. There
was no substantial variation in patient case-mix, crude or adjusted LOS
measures in the single years, thus, to increase statistical power, all four
years of data were analysed together. Negative binomial regression
models were used, often recommended for count data containing over
dispersed variables [23, 24]. The predicted mean LOS measures for each
hospital volume group are reported along with 95% confidence intervals
(CI). We standardized patient case-mix by sex, age categories, medical
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card status, cancer diagnosis, CCI score, admission source, and ICU
admission. The robustness of our findings was validated through
sensitivity analyses on the following hospital episode exclusions: (1)
Dead during hospital stay, (2) Primary cancer diagnosis, (3)
Comorbidities, (4) Admission from other acute hospitals, and (5)
Discharged to other acute hospitals. Additional sensitivity analysis,
based on the dependent variable, was undertaken, excluding all LOS
measures above the 95 percentile. Statistical analyses were performed
using Stata 15.1. A p-value <0.05 was considered significant.

V Research Ethics and Patient Consent

All procedures performed in studies involving human participants were
in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. For this type of
study formal patient consent is not required. Ethical approval was
granted by the Research Ethics Committee of the Royal College of
Surgeons in Ireland (REC 001534).

Results
I Descriptive Analysis

During the study period (2014-2017), 8120 EAS episodes occurred at 24
public Irish hospitals. 7 hospitals were categorized as low, 9 as medium,
and 8 as high-volume hospitals. The variation in patient case mix
between all hospital volume groups was not profound, as indicated in
Table 1. The majority of patients were female, 55.2%, 52.4% and 52.1%
in low, medium and high volume, respectively. Patients admitted to high
volume hospitals were 1.7 years older relative to the other hospitals.
More patients in high volume hospitals had medical cards which entitles
older citizens with incomes below a threshold or with a chronic or
expensive condition free or reduced rate medical treatment. (44% vs
36%). The proportion of patients with cancer diagnosis was similar for
the three groups. High volume hospitals had more patients admitted from
other hospitals and more patients with comorbidities (CCI>10), although
low and medium volume hospitals also had patients admitted from other
hospitals. The proportion of patients who died during hospital admission
was similar for all three hospital groups (7%). Total mean length of stay
was 20.7 days and 23.2 days in low and high-volume hospitals,
respectively.

11 Volume Analysis

Table 2 summarises the adjusted mean LOS measures classified by
hospital volume. Statistically significant differences across all LOS
measures was observed. The mean total LOS was significantly longer in
high volume hospitals, 24.7 days (Cl 24.1-25.4) relative to low and
medium volume (18.2 days; Cl 17.3-10.1, and 18.6 days; Cl 17.9-19.2).
Similarly, the mean pre-operative LOS and post-operative LOS was
significantly longer at high volume hospitals, 5.2 days (Cl 4.9-5.4), and
19.5 days (CI 19.9-20.1), respectively. In contrast, the mean ICU LOS
was significantly higher at low volume hospitals, 5.7 days (Cl 4.8-6.4),
and similar for medium and high-volume hospitals at 3.4 (CI 3.0-3.7)
and 2.4 days (Cl 2.2-2.6), respectively.
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111 Sensitivity Analysis

We validated the robustness of our results through sensitivity analysis,
by comparing the results after excluding certain hospital episodes. Table
3 summarises these results, reporting the difference in adjusted days
between the three volume groups. Additional analysis excluding patient
cases with extremely long length of stay was performed, to determine
whether cases with extreme LOS influenced the variation.

1V Excluding Episodes Discharged as Dead

622 hospital episodes were related to death during hospital stay.
Excluding these episodes did not change the difference between the
volume groups seen in the full data set. Total mean LOS was 7.1 and 6.6
days shorter at low and medium volume hospitals, respectively, relative
to high volume (p<0.01). Pre-operative LOS was 0.8 (p=0.01) and 1.3
(p<0.01) days shorter at low and medium volume hospitals, respectively,
compared to high volume hospitals. Similarly, post-operative LOS was
shorter at low and medium volume hospitals compared to high volume
(6.1 days; p<0.01; 5.0 days; p<0.01). ICU LOS at low volume hospitals
was longer by 1.4 days (p<0.01), relative to medium volume. No
significant differences were observed for high volume hospitals.

V Excluding Episodes with Cancer Diagnosis

After excluding episodes with cancer diagnoses the mean total LOS was
6.7 (p<0.01) and 6.3 (p<0.01) days shorter in low and medium vs high
volume hospitals. Compared to all episodes, the difference between low
and high-volume hospitals changed in pre-operative LOS from 5.7 to 0.6
days longer, and the difference in post-operative LOS expanded;
episodes at high volume hospitals stayed 5.8 days longer compared to
low volume hospitals. The longer ICU stay at low volume hospitals did
not change.

VI Excluding Episodes with Comorbidity

3,011 patient episodes with CCI>0 were reported. Episodes with no
registered comorbidity indicated shorter total LOS at low and medium
volume hospitals, relative to high volume (5.5 days; p<0.01; 5.1 days;
p<0.01), with a reduction of approximately 1 day, between all groups.
Pre- and post-operative LOS was shorter at low and medium volume
hospitals, and the exclusion reduced the difference between total and
pre-operative LOS and increased the difference in post-operative stay.

VIl Excluding Episodes Admitted and Discharged from Other
Hospitals

Exclusion of episodes admitted from or discharged to other hospitals
reduced the difference between low and medium volume hospitals
relative to high volume hospitals with shorter post-operative stays at low
and medium hospitals. Finally, after excluding patient cases with LOS
measures above the 95" percentile, we saw a substantial reduction in
LOS difference between the three volume groups. However, these
differences were not statistically significant, and did not influence the
LOS variation.
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Table 1: Descriptive analysis of hospital episodes included in the study.

Low Volume Medium Volume High Volume
n 1129 2427 4564
Sex (%) Male 506 (44.8%) 1156 (47.6%) 2186 (47.9%)
Age group (%) <30 yrs 70 (6.2%) 153 (6.3%) 356 (7.8%)
30-39 yrs 90 (7.9%) 208 (8.6%) 436 (9.6%)
40-49 yrs 143 (12.7%) 289 (11.9%) 507 (11.1%)
50-59 yrs 152 (13.5%) 344 (14.2%) 733 (16.1%)
60-69 yrs 234 (20.7%) 437 (18.0%) 934 (20.5%)
70-79 yrs 246 (21.8%) 599 (24.6%) 927 (20.3%)
>79yrs 194 (17.2%) 397 (16.4%) 671 (14.6%)
Medical Card (%) Yes 414 (36.7%) 880 (36.3%) 2008 (44.0%)
Cancer Diagnosis (%) Yes 175 (15.5%) 389 (16.0%) 687 (15.1%)
Admission Source (%) Home 1067 (94.5%) 2299 (94.7%) 4150 (90.9%)
Other Hospital 26 (2.3%) 74 (3.1%) 363 (7.9%)
Nursing Home 36 (3.2%) 54 (2.2%) 51 (1.2%)
Charlson comorbidity index score (%) 0 764 (67.7%) 1620 (66.7%) 2822 (61.8%)
1-3 41 (3.6%) 109 (4.5%) 169 (3.7%)
4-6 43 (3.8%) 115 (4.7%) 251 (5.5%)
7-9 56 (4.9%) 99 (4.1%) 281 (6.2%)
10+ 225 (20.0%) 484 (20.0%) 1041 (22.8%)
ICU admission (%) Yes 698 (61.8%) 1124 (46.3%) 1396 (30.6%)
Discharge destination (%) Home 826 (73.2%) 1871 (77.1%) 3397 (74.4%)
Nursing Home 141 (12.5%) 275 (11.3%) 527 (11.6%)
Transfer 75 (6.6%) 92 (3.8%) 294 (6.4%)
Death 87 (7.7%) 189 (7.8%) 346 (7.6%)
Total LOS Mean [SD] 20.7[24.2] 19.3[24.3] 23.2[30.4]
Pre-operative LOS Mean [SD] 45[8.4] 3.8[8.2] 5.1[10.1]
Post-operative LOS Mean [SD] 16.2 [21.5] 15.4[21.7] 18.1[26.8]
ICU LOS Mean [SD] 4.5[8.0] 2.9[6.7] 2.6 [9.7]
n number of patients, % percentage of the total number of patient cases within the specified hospital volume group
Table 2: Adjusted mean Length of Stay (LOS) Measures by Hospital VVolume.
Low Volume Medium Volume High Volume
[959%CI] [95% CI] [95% CI]
Total LOS 18.2 [17.3-19.1] 18.6 [17.9-19.2] 24.7 [24.1-25.4]
Pre-operative LOS 4.4 [4.0-4.8] 3.8[3.6-4.0] 5.2 [4.9-5.4]
Post-operative LOS 13.8 [13.1-14.5] 14.9 [14.4-15.4] 19.5 [18.9-20.0]
ICULOS 5.6 [4.8-6.4] 3.4 [3.0-3.7] 2.4[2.2-2.6]

All LOS measures are adjusted for sex, age, medical card status, admission source, Charlson comorbidity index, cancer diagnosis, ICU admission. All

measures represent the adjusted mean number of days
Discussion

Our results indicate EAS patients have shorter adjusted LOS at low and
medium volume Irish public hospitals in comparison to high volume
hospitals. No substantial difference in total LOS between low and
medium volume hospitals was observed. These results are different to
those of previous studies, reporting statistically shorter LOS at high
volume hospitals for patients post high-risk surgery [12, 14, 25, 26]. The
total LOS difference between low and medium volume hospitals was
insignificant, however patients at low volume hospitals stayed longer
pre-operatively and shorter post-operatively. The adjusted post-
operative LOS estimates in our study are shorter to those in the UK, with
post-operative LOS for EAS patients estimated at 15 days [27]. In
contrast, shorter post-operative LOS among high volume hospitals has
been reported in other studies [28].

Surg Case Rep doi: 10.31487/j.SCR.2019.06.10

Pre-operative LOS across all volume groups was relatively long,
considering all patients were admitted as emergency patients, reflecting
potentially restricted access to diagnostics and operating theatres. It has
been proposed that by developing acute surgical assessment units, the
pathway for selected acute surgical patients would be shortened, thus
leading to reductions in pre-operative LOS [29]. Furthermore, we
observed that low volume hospitals admitted more patients to ICU who
also had longer ICU stays, compared to medium and high-volume
hospitals. This could reflect higher capacity and availability of ICU
resources at low volume hospitals and could be explained by better
availability and less demand of ICU capacity at low volume hospitals,
relative to high volume hospitals. Our sensitivity analyses confirm the
robustness of our primary analysis. After excluding episodes with
different characteristics, no single factor influenced the difference in
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LOS between all volume groups. Post-operative stays at low and
medium volume hospitals were shorter versus high volume hospitals, in
contrast to the literature [13]. Similarly, after the exclusion of extremely
long LOS measures, no statistical differences were observed, and could
be a reflection of the unequal distribution of long LOS between all
volume groups.

Our analysis demonstrates a considerable LOS advantage when patients
are treated in low volume hospitals. However, it is possible that variation
in case selection between hospitals exists, although our data fails to
demonstrate differences between patients based on available measures
of co-morbidity. Additionally, this study illustrates that reconfiguration

of resources for high-risk emergency surgery may be necessary, through
improved governance for EAS. In the UK, the implementation of the
National Emergency Laparotomy Audit (NELA) recommendations, has
observed relative improvements in the quality of EAS care provision,
through increased resource use [30]. Such national audits providing
benchmark indicators for improved quality of service delivery, are
important for ensuring that well-informed and efficient resource
allocation decisions are made. Implementation of a NELA-like audit
process could allow for analysis of specific factors contributing to more
efficient resource allocation, and shorter LOS, in high-volume hospitals.
However, this would be both financially and logistically difficult in the
Irish context.

Table 3: Sensitivity Analysis - Difference in days between LOS measures for all hospital volumes after episode exclusion.

Excl. Excl. Excl. Excl. Excl.
All episodes Dead Cancer Charlson>0 Hosp. admissions Hosp. discharges
n=8120 n=7498 n=6869 n=5109 n=7657 n=7659
LOS
Low vs High -6.6 (<0.01) -7.1 (<0.01) -6.7 (<0.01) -5.5 (<0.01) -6.2 (<0.01) -6.4 (<0.01)
Medium vs High -6.2 (<0.01) -6.6 (<0.01) -6.3 (<0.01) -5.1 (<0.01) -6.0 (<0.01) -6.3 (<0.01)
Low vs Medium -0.4 (0.58) -0.5(0.42) -0.4 (0.60) -0.5 (0.46) -0.1(0.84) -0.2 (0.80)
Pre-op LOS
Low vs High -1.4 (<0.01) -0.8 (0.01) -0.7 (0.02) -0.8 (0.01) -0.7 (0.01) -0.8 (0.01)
Medium vs High 0.7 (0.01) -1.3 (<0.01) -1.3 (<0.01) -1.4 (<0.01) -1.4 (<0.01) -1.5 (<0.01)
Low vs Medium -5.7 (<0.01) 0.5 (0.05) 0.6 (0.02) 0.6 (0.01) 0.7 (0.01) 0.7 (0.01)
Post-op LOS
Low vs High -1.1 (0.06) -6.1(<0.01) -5.8 (<0.01) -4.6 (<0.01) -5.3(<0.01) -5.5 (<0.01)
Medium vs High 0.3 (0.49) -5.0 (<0.01) -4.7 (<0.01) -3.5 (<0.01) -4.4 (<0.01) -4.7 (<0.01)
Low vs Medium -1.0 (0.02) -1.1 (0.05) -1.0 (0.11) -1.0 (0.06) 0.9 (0.12) -0.9 (0.13)
ICU LOS
Low vs High 0 (<0.01) 0.3 (0.58) 0 (0.98) 0.4 (0.41) 0.6 (0.25) 0.5(0.32)
Medium vs High 0 (<0.01) -1.2 (<0.01) -1.4 (<0.01) -0.8 (0.06) -0.7 (0.08) -1.1(0.01)
Low vs Medium 0 (<0.01) 1.4 (<0.01) 1.4 (0.01) 1.2 (0.01) 1.3 (<0.01) 1.6 (<0.01)

All measures represent adjusted mean difference in the number of days; p-values are represented in parenthesis

Centralisation of EAS services has occurred to a variable extent in
Ireland, with higher-risk patients transferred to larger hospitals in some,
but not all, hospital groups. Our health system lacks unique patient
identifiers, and one limitation of our dataset is incomplete information
about transferred patients. Shorter LOS in low volume hospitals may be
due to more complex patients being transferred to other institutions.
Similarly, longer LOS in high volume hospitals may be due to the limited
available capacity at step-down facilities, resulting in patients ‘bed
blocking’ until discharge. The limitations of this study are those inherent
to the interpretation of administrative databases. Data accuracy is
critically dependent on coding performed at hospital level from clinical
records. HIPE consists of administrative data at the time of discharge,
not clinical data. Therefore, all hospital episodes extracted from the
NQAIS Clinical system using the principal procedure code for each
patient admitted to hospital as an emergency patient, does not take into
consideration any prior elective procedure. The lack of information
about secondary and subsequent procedures may influence some of the
LOS measures, thus affecting the total LOS and making it longer.

Furthermore, the volume per hospital does not, and should not be

interpreted as a reflection of the volume of surgical teams at these
hospitals. Our data suggests that these procedures are carried out by a

Surg Case Rep doi: 10.31487/j.SCR.2019.06.10

high number of surgeons at each hospital. Not all high-volume surgical
teams were located across all high-volume hospitals. However, given the
complex coding nature of surgical teams within the NQAIS Clinical
system, surgical team volume may appear to be higher among certain
hospitals, than the actual volume.

Conclusion

EAS patients are discharged earlier from low volume hospitals, than
larger volume hospitals. This suggest that service concentration to larger
clinical departments may not necessarily reduce LOS and therefore may
have little influence on improving the efficiency of resource
consumption. Reconfiguration of EAS services and more efficient
resource allocation may reduce the observed variation in adjusted LOS
measures. However, large specialised hospitals may have better
opportunities to retain and recruit staff, particularly surgical specialists,
to high-volume departments. These departments may also have better
opportunities to provide more efficient services and explore economies
of scale to provide less costly, high quality care. Better analyses of these
aspects are needed to support the debate about restructuring emergency
surgical services.
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