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ABSTRACT

Objectives: Patients with peptic ulceration continue to
present to surgeons with complications of bleeding or
perforation and to die under surgical care. This study
sought to examine whether improved consultant input,
timely interventions and perioperative care could
reduce mortality from peptic ulcer.

Design: Prospective collection of peer-review mortality
data using Scottish Audit of Surgical Mortality
methodologies (http://www.SASM.org) and analysed
using SPSS.

Setting: Secondary care; all hospitals in Scotland, UK,
admitting surgical patients over 13 years
(1994—2006).

Participants: 42736 patients admitted (38 782
operative and 3954 non-operative) with peptic ulcer
disease; 1952 patients died (1338 operative and 614
non-operative deaths) with a diagnosis of peptic ulcer.
Primary and secondary outcome

measures: Adverse events; consultant presence at
operation, operations performed within 2 h and high
dependency/intensive therapy unit (HDU/ITU) use.
Results: Annual mortality fell from 251 in 1994 to 83
in 2006, proportionately greater than the reduction in
hospital admissions with peptic ulcer. Adverse events
declined over time and were rare for non-operative
patients. Consultant surgeon presence at operation
rose from 40.0% in 1994 to 73.4% in 2006, operations
performed within 2 h of admission from 10.3% in 1994
to 28.1% in 2006 and HDU/ITU use from 52.7% in
1994 to 84.4% in 2006. Consultant involvement
(p=0.005) and HDU/ITU care (p=0.026) were
significantly associated with a reduction in operative
deaths.

Conclusion: Patients with complications of peptic
ulceration admitted under surgical care should be
offered consultant surgeon input, timely surgery and
HDU/ITU care.

INTRODUCTION

While elective surgery for peptic ulcer was
once a mainstay of surgical practice, the
advent of histamine type 2 (H2) receptor
antagonists, proton pump inhibitors and
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Article focus

m Patients with peptic ulceration continue to
present to surgeons with complications of
bleeding or perforation and to die under surgical
care.

Key messages

m Mortality from peptic ulcer has declined both in
the population generally but much more in
surgical hospital patients.

m Patients with complications of peptic ulceration
admitted under surgical care should be offered:
consultant surgeon input, timely surgery and
HDU/ITU care.

Strengths and limitations of this study

m Continuous prospective peer-reviewed audit data
of mortality over 13 years.

m Population data.

m Absence of data on those who survived; the
changing nature of the medical communities’
understanding and treatment of peptic ulceration;
selection bias effects in data omission or
miscoding and the potential of specific changes
in patient management.

Helicobacter pylori eradication has resulted in
surgical therapy for peptic ulceration being
confined to complications, such as perfora-
tion and bleeding.1 The frequency of such
complications, particularly perforation, has
increased especially in the elderly female
population and may be related to the use of
prescription medication.'® However, the
incidence of peptic ulcer disease in the
general population is difficult to assess:
individuals may be asymptomatic until
emergency presentation with a complication
requiring surgical intervention; self medica-
tion with antacids, H2 antagonists and
proton pump inhibitors is difficult to quan-
tify. The uptake of prescription medications
is also a non-specific indicator as the most
widely used medications, proton pump
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inhibitors, also have non-ulcer indications. In addition,
improved prevention of peptic ulcers through eradica-
tion of H pylori and more judicious use of non-steroidal
anti-inflammatory drugs (including companion medica-
tions) may be changing the epidemiology of peptic ulcer
disease.

Quoted mortality from complications of peptic ulcer-
ation range between 4% and 30%,*" while morbidity
has been reported for 25%—89% of those requiring
surgical intervention.” Delay to treatment, increased age,
the presence of shock on admission, associated illnesses
and chronic health recorded as American Society of
Anaethesiologists status have been cited as significant
factors associated with fatal outcomes.”” A delay in
treatment of more than 24 h has shown to increase
mortality up to eightfold and complications by three
times.

We considered that fewer deaths with peptic ulcer
disease and a reduction in adverse events in clinical
management over time should be expected with
increasing consultant input, timely intervention and
improved perioperative care. We examined the trend
over time of Scottish Audit of Surgical Mortality (SASM)
operative deaths per SMROl operative patient, for
patients diagnosed with peptic ulcer disease. We then
looked at this relationship with operative deaths with
adverse events, consultant surgeon involvement, use of
high dependency/intensive therapy unit (HDU/ITU)
and operation within 2 h.

METHODS
The SASM (www.sasm.org.uk) aims to peer-review all
patients who die under surgical care. Over a period of
13 years (1994—2006), deaths from peptic ulcer under
surgical care were prospectively peer-reviewed using
established methodologies previously detailed (*'°,
http://www.sasm.org.uk). Subsequent changes in
coding (for 2007 and 2008) and further modifications to
SASM in 2009 and the interruption of SASM in 2010
pending transfer to an electronic web-based format do
not allow direct comparison of data after 2006. In
keeping with previous practice, ethical permission was
not required for the use of audit data.®

Briefly, data were collected via completed proformas
from the surgeon responsible for the patient’s care
during his/her final admission. On the surgical
proforma, questions relate to consultant presence in the
operating room taken from ‘grade of surgeon operating’
and ‘grade of surgeon assisting’; timing of operation
from ‘operation within 2 h’ and if the patient ‘received
HDU/ITU care or treatment’. These proformas were
assessed by a surgical assessor (and anaesthetic assessor if
any anaesthetic had been given). Based on this anony-
mous peer review, an evaluation is made of the care
provided, highlighting any adverse events and fed back
to the consultant surgeon and anaesthetist. Adverse
events were defined as ‘care should have been better and
contributed to or caused the patient’s death’. Where

further details are required or where concerns about
patient management are raised by the first-line assessor,
the case notes are retrieved and sent to a second assessor
with experience in that particular area. After completion
of assessment, each surgeon and anaesthetist receives
individual feedback. Some 10% of cases undergo a full
case note review.* ' Widely circulated annual reports
ensure that an overview of the data is promulgated to the
surgical and anaesthetic community.

Patient admissions to hospital (recorded on Scottish
Morbidity Record—SMROlepisodes) with a diagnosis of
gastric ulcer (ICD9 531 up to April 1996; ICD10K25 from
April 1996 to the present day), duodenal ulceration
(ICD9 532; ICD10K26), peptic ulcer, site unspecified
(ICD9 533; ICD10K27) or gastrojejunal ulcer (ICD9 534;
ICD10K28) were identified. These hospital admissions
were patients admitted to the same surgical specialties as
covered by the SASM audit (all surgical specialties apart
from cardiac surgery, cardiothoracic surgery and
obstetrics).

Similar Read Codes were used for the SASM analyses:
gastric ulcer (J11), duodenal ulceration (J12), peptic
ulcer, site unspecified (J13) or gastrojejunal ulcer (J14).

Statistical analysis

SASM data were managed within a custom MS Access
data base. All data (SASM and SMRO1) were analysed
using SPSS version 19 (SPSS Inc). Linear regression was
used to assess the significance of differences in categor-
ical data. Based on the literature review, consultant
input, use of HDU/ITU facilities, the timing of surgery
and an analysis of adverse events were examined.
p Values <0.05 were considered significant.

RESULTS

There were 1952 patients who died (1338 operative and
614 non-operative deaths) over the 13year period
(1994—2006) where the diagnosis was peptic ulcer
disease. Of these 1952 deaths, 1029 (52.7%) patients
were women and the median age decreased from 77 to
76 years over time (range 27—102years). There was
a decline in the annual number of deaths from 251
deaths in 1994 to 83 in 2006 both for those who died
following an operation and for those who did not
undergo surgery. There was no notable change over time
in American Society of Anaesthesiologists grade of the
patients who died.

Contemporary with this fall in mortality under surgical
care, 42736 patients were admitted to hospital in
surgical specialties covered by the SASM audit with
a diagnosis of peptic ulcer from 1994 to 2006. The
annual number of patients admitted declined from 3872
in 1994 to 2481 in 2006, 64.1% of the 1994 admissions
(table 1).

There was a significant increase in consultant input
(operating or assisting in theatre) from 40.0% of oper-
ations in 1994 to 73.4% of operations in 2006. In 7.7% of
the operative cases in 1995, a consultant assisted in
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Table 1 Number of patients who died and admissions to surgical wards for patients with peptic ulceration 1994—2006
Description Data set 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Number of deaths SASM 251 237 166 172 152 166 173 122 119 117 105 89 83
with a diagnosis of

peptic ulcer disease

Number of operative SASM 165 142 99 112 110 119 121 89 79 92 80 66 64
deaths with a diagnosis

of peptic ulcer disease

Number of non-operative =~ SASM 86 95 67 60 42 47 52 33 40 25 25 23 19
deaths with a diagnosis

of peptic ulcer disease

Number of deaths SASM 92 101 77 102 95 104 121 86 79 92 80 68 60
receiving HDU/ITU care

with a diagnosis of peptic

ulcer disease

Number of operative SASM 87 96 70 89 86 104 101 70 65 84 70 56 54
deaths receiving HDU/ITU

care with a diagnosis of

peptic ulcer disease

Number of non-operative =~ SASM 5 5 7 13 9 — 20 16 14 8 10 12 6
deaths receiving

HDU/ITU care

Number of operative SASM 66 72 56 63 69 78 88 58 54 65 59 45 47
deaths with consultant

surgeon involvement

(consultant surgeon either

operated or assisted),

with a diagnosis of

peptic ulcer disease

Number of operative SASM 17 15 13 21 17 14 15 14 16 26 17 15 18
deaths with operation

within 2 h

Number of deaths where ~ SASM NA NA 34 40 26 35 33 13 17 14 18 14 9
adverse events contributed

to or caused the death,

with a diagnosis of peptic

ulcer disease

Number of operative SASM NA NA 30 3 23 34 27 9 17 12 17 13 9
deaths where adverse

events contributed to or

caused the death, with

a diagnosis of peptic

ulcer disease

Number of non-operative =~ SASM NA NA 4 5 3 1 6 4 — 2 1 1 —
deaths where adverse

events contributed to or

caused the death, with a

diagnosis of peptic ulcer

disease

Total number of patients SMRO1 3872 3669 3769 3023 3987 3796 3543 3402 3025 2834 2779 2556 2481
admitted with a diagnosis

of peptic ulcer disease

Total number of operative SMRO1 3459 3287 3342 2727 3623 3478 3223 3111 2752 2582 2587 2336 2275
patients admitted with a

diagnosis of peptic ulcer

disease

HDU/ITU, high dependency/intensive therapy unit; NA, data not available; SASM, Scottish Audit of Surgical Mortality.

theatre (11 cases) compared to 28.1% (18 cases) in 2006; patients) in 2006. Furthermore, the proportion of
however, 43.0% (66) of the patients were operated on by operations performed within 2 h of admission increased
a consultant surgeon in 1994 compared to 50.0% (31 from 10.3% in 1994 to 28.1% in 2006 (table 2). There
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Figure 1 Consultant involvement
in operations 1994—2006. 0.90

0.20

0.10 +

Operative deaths with consultant involvement rate

0.00 -+
19 1995 1986

was an increase in utilisation of HDU/ITU services in
operative patients who subsequently died from 52.7%
(87/165) in 1994 to 84.4% (54/64) in 2006 (table 1).
Linear regression analysis confirmed a fall in operative
deaths following surgery, increased consultant involve-
ment (p=0.005) (figure 1), increased use of HDU/ITU
(p=0.026) (figure 2), increased operation within 2h
(p=0.088) (figure 3). Increased consultant involvement
and increased use of HDU/ITU for operative deaths
were significant factors in the fall in operative death rate
(number of SASM operative deaths with a diagnosis of
peptic ulcer disease per SMRO1 operative patient with
a diagnosis of peptic ulcer disease).

At least one adverse event contributing to or causing
death was identified on peer review for 226/1338
(16.9%) of those patients who underwent surgery and in
27/614 (4.4%) of the non-operative patients who died.
For each SASM case with an adverse event, at least one
adverse event code has been identified. There can be
more than one adverse event code for each case; there-

Figure 2 Utilisation of high
dependency/intensive therapy unit 1.00 -
(HDU/ITU) services 1994—2006 in
patients who died under surgical
care.

0.90 +

0.80 +

0.70 +

0.60
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0.30 1

0.20 4

Operative deaths receiving ITU/HDU care rate

o
-
[=]

0.00 +
1984 1995 1996

Operative deaths with consultant involvement rate by year

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Year

fore, the number of adverse event codes is greater than
the number of cases with an adverse event.

The most common adverse events for operative deaths
were delays: delay in transfer to surgeons by physicians
(23/384 adverse events identified; 6.0%), delay to
surgery (4.4%) and delay in transfer to the surgical unit
(2.9%); however, surgeon too junior (4.9%) and inade-
quate resuscitation (3.4%) also featured (table 3). The
most frequent causes of death were perforated or
bleeding duodenal ulcers, septicaemia, peritonitis,
bronchopneumonia, a cardiac event or multiple organ
failure.

For non-operative deaths, adverse events such as delay
in transfer to a surgeon by a physician, delay to surgery,
diagnosis missed by medical unit or the view that an
operation should have been done were noted.

DISCUSSION
This study identified 1952 patients who died under
surgical care over 13 years with the principle diagnosis of

Operative deaths receiving ITU/HDU care rate by year

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Year
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Figure 3 Operative deaths of
patients who had an operation
within 2 h 1994—2006. 0.30

0.25 1

0.20 1

0.15

0.10 %

0.05

Operative deaths with operation within 2 h rate

0.00 -+
1984 1995 1986

a ‘benign’ condition, peptic ulceration. There was
a substantial fall by 2006, to a third of the 1994 figures, in
deaths from peptic ulcer and adverse events under
surgical care. This paralleled, but was proportionately
much greater than, the 36% fall in admissions to
hospital with peptic ulceration. Associated with, but not
necessarily causal for, this disproportionate reduction in
surgical mortality, there was a significant increase in
consultant input in the operating theatre, prompt
operating and enhanced perioperative care through
HDU/ITU. This provides circumstantial evidence that
improvements in the provision of healthcare may influ-
ence outcome and suggests further investigation of these
domains of care in those who survive hospital admission.

Adverse events were identified in 226 (16.9%) of
deaths where an operation was performed but only
contributed in 27 (4.4%) patients who died without
surgery; adverse events have certainly decreased over
time. Where such events were identified, this study
confirms that the majority of adverse events were prob-
lems of process (predominantly delays)® ' rather than
technical difficulties. Although the SASM process high-
lighted time to surgery as an adverse event, three times
as many patients had their operations within 2 h by the
end of the audit period. Delay to treatment remains
important for complications and mortality from peptic
ulcer, increasing the complication rate up to threefold
and increasing mortality by up to eightfold.5

Such adverse events reflecting process should be
amenable to protocol development based on guidelines
or case analysis.'' Failure to use HDU/ITU was recog-
nised as a frequent adverse event in the first 4 years of
SASM and highlighted to the individual surgeon,
hospital trust and public by the SASM annual reports.
Following significant media attention, the subsequent
enhanced provision of HDU/ITU facilities in hospitals
in Scotland was associated with a decline in failure to use
HDU/ITU as an adverse event,9 confirmed in the
current study and supported by guideline develop-

Operative deaths with operation within 2 h rate by year

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

Year

ment.!! Thus, adoption of evidence-based initiatives to
improve the process of care may have a considerable
impact on clinical practice.

Further reductions in adverse events related to process
and the seniority of staff may be achieved by enhancing
team integration among hospital staff'® together with
the use of risk stratification and a suitable risk-group-
based management.'” There remains potential for
improvements in the process of Caure,g_]0 with consultant
staff performing early triage of emergency surgical and
medical admissions potentially reducing delays in trans-
fer to appropriate care and to surgery (table 3).

This analysis shows the benefits of continuous and
complete audit data over a sustained time frame using
individual feedback, annual reporting (http://www.
SASM.org) and, more recently, individual annual
reports for surgeons, for anaesthetists and for hospital
Trusts to observe significant changes in practice.
SASM demonstrates the benefits of a large, prospective,

Table 3 Adverse events associated with operative deaths
(one patient may have more than one adverse event)

Adverse event Count %
Delay in transfer to surgeon 23 6.0
by physicians

Surgeon too junior 19 4.9
Delay to surgery, ie, earlier 17 4.4
operation desirable

Resuscitation inadequate 13 3.4
Delay in transfer to surgical unit 11 2.9
Diagnosis missed by surgeons 10 2.6
Wrong operation performed 9 2.3
Diagnosis missed by medical unit 7 1.8
Anaesthetist too junior 7 1.8
Central venous pressure not used 7 1.8
All other adverse events 261 68
Total 384 100
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population-based, validated, high-quality data set.
Evidence wusing similar methodology in Western
Australia suggests that surgical mortality audit does have
a direct impact: 73% of surgeons changed their practice
in at least one way, 24% noted changes in hospital
practice and 11% changes in colleague’s practice.'*
However, the potential weaknesses of this study
include the absence of data on those who survived; the
changing nature of the medical communities’ under-
standing and treatment of peptic ulceration; selection
bias effects in data omission or miscoding and the
potential of specific changes in patient management.
Whether this mortality audit reflects improvements in
care of those who do not die following hospitalisation
with peptic ulceration remains uncertain. However, the
fall in the number of deaths under surgical care has been
disproportionately larger than the fall in hospital admis-
sions with peptic ulcer. There is potential for
confounding via cohort effects, including changes in
patient’s behaviours, in the disease itself, changes in
therapy and changes in the SASM process. However,
increased consultant input, more prompt operating and
enhanced use of HDU/ITU have been identified along-
side a reduction in adverse events for those who died.
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STROBE Statement—Checklist of items that should be included in reports of cohort studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives 3 State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses

Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(¢) Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Report numbers of outcome events or summary measures over time

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and

their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included

(b) Report category boundaries when continuous variables were categorized

(c) If relevant, consider translating estimates of relative risk into absolute risk for a

meaningful time period




Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and

sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at http://www.strobe-statement.org.



