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Abstract

As the world population is aging rapidly, emergency abdominal surgery for acute abdomen in the elderly represents a global
issue, both in developed and developing countries. Data regarding all the elderly patients who underwent emergency abdomi-
nal surgery from January 2017 to December 2017 at 36 Italian surgical departments were analyzed with the aim to appraise
the contemporary reality regarding the use of emergency laparoscopy for acute abdomen in the elderly. 1993 patients were
enrolled. 1369 (68.7%) patients were operated with an open technique; whereas, 624 (31.3%) underwent a laparoscopic
operation. The postoperative morbidity rate was 32.6%, with a statically significant difference between the open and the
laparoscopic groups (36.2% versus 22.1%, p <0.001). The reported mortality rate was 8.8%, with a statistically significant
difference between the open and the laparoscopic groups (11.2% versus 2.2%, p <0.001). Our results demonstrated that
patients in the ASA 11 (58.1%), ASA III (68.7%) and ASA TV (88.5%) groups were operated with the traditional open tech-
nique in most of the cases. Only a small percentage of patients underwent laparoscopy for perforated gastro-duodenal ulcer
repair (18.9%), adhesiolyses with/without small bowel resection (12.2%), and large bowel resection (10.7%). Conversion
to open technique was associated with a higher mortality rate (11.1% versus 2.2%, p <0.001) and overall morbidity (38.9%
versus 22.1%, p=0.001) compared with patients who did not undergo conversion. High creatinine (p <0.001) and glycae-
mia (p =0.006) levels, low hemoglobin levels (p < 0.001), oral anticoagulation therapy (p =0.001), acute respiratory failure
(»<0.001), presence of malignancy (p=0.001), SIRS (p <0.001) and open surgical approach (p <0.001) were associated
with an increased risk of postoperative morbidity. Regardless of technical progress, elderly patients undergoing emergency
surgery are at very high risk for in-hospital complications. A detailed analysis of complications and mortality in the present
study showed that almost 9% of elderly patients died after surgery for acute abdomen, and over 32% developed complications.
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Introduction

As the world population is aging rapidly, emergency abdom-
inal surgery for acute abdomen in the elderly represents a
global issue, both in developed and developing countries.
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The number of people worldwide over 65 years of age
is estimated to rise from 5234 million in 2010 to over 1.5
billion in 2050, and actually approximately 33% of hospital
stays and 41% of hospital costs are attributed to patients
older than 65 years [1].

More than 20% of the Italian population is over the age
of 65 and, by the year 2050, this percentage is expected to
grow to 34%. Over the last 20 years, country’s life expec-
tancy has increased from 78 to 80 years for men and from
84 to 85 years for women. About 20% of the senior citizens
and 6% of the country’s total population are currently over
the age of 80 [2].

It is estimated that 21% of the total population older than
60 years will require surgery, compared with only 12% of
people in the 45-60 age group. Demographic changes in
the population have also modified the profile of emergency
abdominal surgery, where typical causes of acute abdomen
in the elderly include acute cholecystitis, incarcerated her-
nia, bowel obstruction and appendicitis [3-5].

In the elderly population, recovery from surgery is con-
sidered more often complicated and burdened by longer hos-
pital stay compared with the younger population. People
over the age of 70 who undergo an emergency laparotomy
have an inpatient mortality of 21.4%, and older patients, in
particular octogenarians, have poorer outcomes with up to
44% mortality reported [6, 7].

Patients undergoing major abdominal surgery in the elec-
tive setting should be adequately assessed preoperatively to
identify modifiable risk factors that can be addressed before
surgery. In the emergency setting as well, overall risk should
still be assessed to optimize physiology, even if the opportu-
nity to do so is limited.

Despite the urgent need for knowledge in the surgical
treatment of acute abdomen in the elderly, only few popula-
tion-based studies have been published to date, reporting an
overall morbidity rate of 26%, and mortality of 22% follow-
ing urgent laparotomy in patients > 65 years of age [8—10].

The primary aim of this multicenter prospective cohort
study conducted in Italy was to analyze the clinical-patho-
logical data, the management strategies, and the short-term
outcomes of emergency surgery for acute abdomen in the
elderly, with particular regard to the use of laparoscopy.

Methods

The Frailty and Emergency Surgery in the Elderly (FRAIL-
ESEL) study has been designed and developed by the
ERASO (Elderly Risk Assessment And Surgical Outcome)
Collaborative Study Group, on behalf of the Italian Asso-
ciation of Hospital Surgeons (ACOI), the Italian Society of
Surgery (SIC), the Italian Society of Emergency Surgery and
Trauma (SICUT), the Italian Society of Geriatric Surgery
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(SICG), the Italian Society of Endoscopic Surgery and new
technologies (SICE), and the Italian Chapter of the World
Society of Emergency Surgery (WSES).

The FRAILESEL is a large, nationwide, multicenter,
prospective, cohort, study that investigated the periopera-
tive outcomes of patients aged > 65 years who underwent
emergency abdominal surgery between January 2017 and
December 2017 (main study data collection period) at the
study hospitals. One hundred and forty hospitals registered
in the database of the Italian Ministry of Health in Italy that
provide emergency general surgery were invited to partici-
pate and 36 surgical units accepted to take part in the study.
Centers were included on a volunteer basis, and neither
investigators nor participating hospitals were paid for their
collaboration.

Data regarding elderly patients discharged from the par-
ticipating centers who underwent any type of emergency
abdominal surgical intervention were prospectively col-
lected. Vascular, gynecological, and urological procedures
were considered eligible for the study if performed by gen-
eral or emergency surgeons in a general or trauma surgery
setting.

Emergency procedures were defined as unforeseen, non-
elective operations according to the NCEPOD Classification
of Interventions [11].

The investigators were informed of the objectives of the
study and asked to complete details about the surgical man-
agement of acute abdomen in the elderly following standard
methods and collection protocols, as we described in the
study protocol [12]. Clinical decisions, including opera-
tive technique (open or laparoscopic), were based on the
criteria of individual centers and surgeons. Surgical proce-
dures were sorted in accordance with the 9th revision of the
International Classification of Disease Clinical Modification
(ICD-9-CM).

The final FRAILESEL Study protocol was approved by
the Ethics Committee of La Sapienza University of Rome
and by the boards of all the societies involved. All the parts
of the study and the present manuscript have been checked
and presented according to the checklist for Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) [13].

Postoperative complications were reported and catego-
rized according to the Clavien—Dindo classification system
by the study leader in each of the participating centers [14],
and morbidity and mortality within 30 days from the date of
surgery were evaluated regardless of the time elapsed from
the surgical procedure if reasonably related to it.

Exclusion criteria

Exclusion criteria were the following: patients younger than
65 years old at the day of surgery; diagnostic laparoscopy/
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laparotomy with no further surgical procedures performed;
lack of informed consent for the study participation; endo-
scopic procedures and emergency reoperations after elective
surgery; patients already hospitalized and scheduled for the
same procedure; patients participating in another trial.

Patients characteristics, preoperative variables
and objectives of the study

Demographic data and pre-existing comorbidity and condi-
tions were registered. Comorbidity was recorded if the con-
dition was being medically treated at the time of admission,
or if previous treatment for the condition was described in
the admission report.

Collected patient variables included: age, BMI, heart
rate, systolic blood pressure, WBC count, creatinine, gly-
caemia, and hemoglobin values, oral anticoagulation ther-
apy, and comorbidity (diagnosis of acute myocardial infarc-
tion < 6 months, heart failure, peripheral vascular disease,
chronic respiratory disease, malignancy). Furthermore, the
American Society of Anesthesiologists (ASA) class as well
as data on the presence of systemic inflammatory response
syndrome (SIRS), operative records, type of surgical proce-
dure, and intra-operative diagnosis were collected.

The primary aim of this study was to critically appraise
the contemporary Italian reality regarding the surgical
approach to acute abdomen in the elderly, through the analy-
sis of a large cohort of patients aged > 65 years. Within this
context, the main outcomes were the occurrence of major
complications and death from any cause within 30 days after
the operation, stratified by the type of surgery (appendec-
tomy, cholecystectomy, gastro-duodenal ulcer repair, small
bowel resection/adhesiolysis, large bowel resection, abdomi-
nal wall reconstruction) and the age group (65-74 years old;
75-84 years old; > 84 years old). We critically reviewed the
clinical-pathological data, the management strategies, and
the conversion rate from laparoscopic to open surgery of
elderly patients submitted to emergency abdominal surgery.

Statistical analysis

Statistical analysis was performed with SPSS software, ver-
sion 22 (IBM, New York, NY, USA) for MacOSX. Data
normality was tested using the Shapiro—Wilk or Kolmogo-
rov—Smirnov tests. Dichotomous data and counts were pre-
sented in frequencies; whereas, continuous data were pre-
sented as mean values + standard deviations. Differences
between means were compared using the independent sam-
ple Student’s 7 test, the pairwise comparison Student’s 7 test,
the Mann—Whitney U test, the Kruskal-Wallis test or other
analysis of variance (ANOVA) tests when indicated.

Fisher’s exact test or ;(2 test, with or without Yates
correction, was implemented to compare differences in
frequencies.

Thirteen independent clinical variables were analyzed.
Variables associated with complications (conversion to
open surgery, morbidity and mortality) following surgical
interventions with P <0.20 were selected for inclusion in
the multivariate logistic regression analyses.

The Hosmer—Lemeshow test was performed to assess
the value of the logistic regression model in predicting
the risk of conversion. Two further multivariate logistic
regression analyses were performed to assess periopera-
tive risk factors for morbidity and mortality in the entire
elderly cohort of patients submitted to emergency surgery.
A p value <0.05 was considered statistically significant.

Results

Clinical characteristics of patients enrolled
in the FRAILESEL Study

During the study period, a total of 1993 patients satisfying
the inclusion criteria were identified (Fig. 1). The clini-
cal characteristics of the patients enrolled in the study are
summarized in Table 1.

1369 (68.7%) patients underwent open surgery (open
group); whereas 624 (31.3%) underwent laparoscopic sur-
gery (laparoscopic group). A conversion rate of 14.4% was
reported (converted group). The mean age of patients in the
open group and laparoscopic group was 78.6 +7.9 years
and 76.0 + 7.3 years, respectively (p <0.001).

The analysis of preoperative variables showed that
patients in the laparoscopic group had significantly higher
BMI (27.2 +6.3 versus 26.2+6.5, p<0.010) compared
with patients in the open group.

Total number of enrolled patients
(the FRAILESEL Study - Main

Period)
N=1993
Appendix Gallbladder Large Bowel
N=108 N= 452 N=524
Stomach & Small Bowel Abdominal Other
Duodenum N= 327 Wall N= 148
N=106 N=328

Fig.1 The study flow-chart
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Table 1 Baseline characteristics of the patients enrolled in the study

Results p value
N. (%) or Mean+SD Open Vs
Laparo-
scopic
N. of patients
Open 1369 (68.7)
Laparoscopic 534 (26.8)
Converted 90 (4.5)
Total 1993
Age
Years: Mean +SD
Open 78.6+7.9 < 0.001
Laparoscopic 76.0+7.3
Converted 76.2+7.5
Total 77.8+7.8
BMI
Kg/m%: Mean +SD
Open 26.2+6.5 0.010
Laparoscopic 272+6.3
Converted 273+7.7
Total 26.5+6.5
ASA 1
Open 63 (62.4) 0.131
Laparoscopic 34 (33.7)
Converted 4(3.9)
Total 101
ASAII
Open 287 (58.1) < 0.001
Laparoscopic 178 (36.0)
Converted 29 (5.9)
Total 494
ASA 1T
Open 744 (68.7) < 0.001
Laparoscopic 295 (27.2)
Converted 44 (4.1)
Total 1083
ASA TV
Open 228 (88.5) < 0.001
Laparoscopic 18 (6.9)
Converted 12 (4.6)
Total 258
ASAV
Open 19 (86.4) < 0.001
Laparoscopic 209.1)
Converted 14.5)
Total 22

SD standard deviation, BMI body mass index, ASA American Society
of Anesthesiologists score
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The analysis of the ASA class showed that the vast
majority of the enrolled patients were classified as ASA III
(54.3%), followed by ASA 11 (24.8%) and ASA 1V (12.9%).

The vast majority of patients in the ASA II (58.1%), ASA
III (68.7%) and ASA TV (88.5%) groups were operated with
the traditional open technique.

The univariate analysis of preoperative variables dem-
onstrated that patients in the converted group had similar
mean age, BMI, heart rate, creatinine level, blood sugar
level, hemoglobin level, rates of acute myocardial infarction
across the 6 months prior to surgery and other cardiovascular
diseases in comparison with the open group and the laparo-
scopic group. Instead, lower systolic blood pressure mean
values (129.4 +34.6 versus 138.1+22.4, p=0.040), and
higher WBC count (12.9 +5.3 versus 11.5+5.7, p=0.040)
were found in the converted group compared with the lapa-
roscopic group (Table 2).

Analysis of the surgical procedures

Large bowel resection was the most frequently performed
emergency surgical operation (n=524), followed by chol-
ecystectomy (n=452), hernia repair with or without small
bowel resection (n=328), adhesiolysis with or without small
bowel resection (n=2327), appendectomy (n=108), and sur-
gery involving the stomach and/or the duodenum for perfo-
rated gastro-duodenal ulcer repair (n=106).

Laparoscopy was implemented for cholecystectomy
(71.0% of cases), appendectomy (51.8% of cases), perfo-
rated gastro-duodenal ulcer repair (18.9% of cases), adhesi-
olyses with/without small bowel resection (12.2% of cases),
large bowel resection (10.7% of cases), hernia repair (5.8%
of cases), and other vascular, gynecological and urological
surgical procedures (14.9% of cases).

The conversion rate was 7.5% for appendectomy and 8.2%
for cholecystectomy. Although limited by the small sample
size, conversion rate was low for patients who underwent
surgical interventions for perforated gastro-duodenal ulcer
repair stomach and duodenum (4.7%), adhesiolysis with or
without small bowel resection (6.1%), large bowel resec-
tion (3.2%), and other vascular, urological and gynecological
emergency procedures (2.0%) (Table 3).

Analysis of morbidity and mortality

The overall morbidity rate following surgery was 32.6%,
with a statically significant difference between the open
group and the laparoscopic group (36.2% versus 22.1%,
p <0.001). Patients in the converted group showed similar
rates of complications compared with patients in the open
group (38.9% versus 36.2%, p=0.651), but higher rates of
complications compared with patients in the laparoscopic
group (38.9% versus 22.1%, p=0.001).
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Table 2 Univariate analysis of
preoperative factors related to
the risk of conversion to open
surgery

Sample Size Results p value Odds ratio (OR), 95% CI
Laparoscopic
vs converted
Age
Years: Mean+ SD
Laparoscopic 534 76.0+7.3 0.360
Converted 90 76.2+7.5
BMI
Kg/m?: Mean +SD
Laparoscopic 492 27.2+6.3 0.880
Converted 81 273+7.7
Heart rate
bpm: Mean +SD
Laparoscopic 525 80.7+149 0.526
Converted 89 82.0+22.0
Systolic blood pressure
mmHg: Mean+SD
Laparoscopic 514 138.1+22.4  0.002
Converted 84 129.4+34.6
WBC Count
10 */ml: Mean + SD
Laparoscopic 533 11.5+5.7 0.040
Converted 89 12.9+5.3
Creatinine
mg/dL: Mean+SD
Laparoscopic 531 1.1+0.6 0.277
Converted 89 1.1+0.6
Blood Sugar
mg/dL: Mean+SD
Laparoscopic 526 128.5+52.3  0.080
Converted 89 138.9+57.7
Hemoglobin
g/dL: Mean +SD
Laparoscopic 533 129+2.0 0.705
Converted 89 12.8+2.2
Acute myocardial infarction < 6 months N. (%)
Laparoscopic 533 11 (1.8) 0.323 OR 0.604, 95% CI 0.165-2.209
Converted 89 3(3.3)
Heart failure N. (%)
Laparoscopic 533 13(2.1) 0.634 OR 1.087, 95% CI 0.24-4.902
Converted 89 2(2.2)
Peripheral vascular disease N. (%)
Laparoscopic 533 71 (11.4) 0.319 OR 0.823,95% C1 0.441-1.534
Converted 89 14 (15.5)
Oral anticoagulation therapy N. (%)
Laparoscopic 533 123 (19.7) 0.080 OR 0.860, 95% CI1 0.514-1.441
Converted 89 23 (25.6)
Chronic respiratory disease N. (%)
Laparoscopic 533 116 (18.6) 0.255 OR 1.269, 95% C10.711 — 2.264
Converted 89 16 (17.8)

SD standard deviation, BMI body mass index, WBC white blood cells, OR odds ratio
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Table3 Summary of the emergency operations performed in the
study

Surgical Intervention Technique Sample size: N. (%)

Appendectomy Open 44 (40.7)
Laparoscopic 56 (51.8)
Converted 8(7.5)
Total 108

Cholecystectomy Open 94 (20.8)
Laparoscopic 321 (71.0)
Converted 37 (8.2)
Total 452

Perforated gastro-duodenal Open 81 (76.4)

ulcer repair Laparoscopic 20 (18.9)

Converted 5.7
Total 106

Adhesiolysis with/without  Open 267 (81.7)

small bowel resection/ Laparoscopic 40 (12.2)

Converted 20 (6.1)
Total 327

Large bowel resection Open 451 (86.1)
Laparoscopic 56 (10.7)
Converted 17 (3.2)
Total 524

Hernia repair Open 309 (94.2)
Laparoscopic 19 (5.8)
Converted -
Total 328

Other Open 123 (83.1)
Laparoscopic 22 (14.9)
Converted 3(2.0)
Total 148

Other intra-abdominal vascular, gynecological, and urological surgi-
cal procedures performed by general or emergency surgeons in emer-
gency settings

The reported mortality rates for patients who underwent
any type of surgical intervention were 8.8%, with a statis-
tically significant difference between the open group and
the laparoscopic group (11.2% versus 2.2%, p <0.001).
No statically significant difference in terms of mortal-
ity was found comparing patients in the converted group
with patients in the open group (11.1% versus 11.2%,
p=1.000). Conversely, a higher mortality rate was found
in the converted group compared with the laparoscopic
group (11.1% versus 2.2%, p <0.001) (Table 4).

Patients in the laparoscopic group showed lower rates
of grade I (7.1% versus 11.5%, p <0.001), grade II (9.2%
versus 15.0%, p <0.001), and grade I'Va Clavien—Dindo
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complications (1.1% versus 2.4%, p=0.029) compared
with patients in the open group.

Grade IlIa (4.4% versus 0.9%, p=0.028) and IVb (1.2%
versus 0.4%, p=0.023) complications were higher in the
converted group compared with the laparoscopic group.

The overall procedure-related 30-day mortality and mor-
bidity rates, stratified by the type of procedure and patients’
age are shown in Table 5. The overall 30-day mortality rate
was 8.8% (by procedure: 1.9% appendectomy, 1.8% chol-
ecystectomy, 20.8% perforated gastro-duodenal ulcer repair,
10.7% small bowel resection/adhesiolysis, 13.5% large
bowel resection, 3.4% abdominal wall reconstruction, 18.2%
other), whereas the overall 30-day morbidity rate was 32.6%
(by procedure: 23.1% appendectomy, 24.8% cholecystec-
tomy, 42.5% perforated gastro-duodenal ulcer repair, 36.9%
small bowel resection/adhesiolysis, 41.0% large bowel resec-
tion, 26.5% abdominal wall reconstruction, 36.5% other).
Subgroup analyses, conducted through the stratification of
the cohort by age groups showed a general trend towards
increased mortality and morbidity rates with increasing age.

Multivariate analyses

The logistic regression analysis showed that decreased
values of systolic blood pressure (OR 0.987, 95% CI
0.978-0.995, p=0.002), increased WBC count (OR 1.040,
95% CI 1.001-1.080, p=0.043), and presence of respiratory
failure (OR 1.578, 95% CI 1.127-2.211, p=0.039) were the
three independent factors associated with the risk of conver-
sion from laparoscopic to open procedures (Table 6).

To estimate the risk factors behind postoperative morbid-
ity and mortality, two separate multivariate analyses were
performed after bivariate correlation analysis. All the statis-
tically significant variables were inserted into the regression
analysis model.

The results of the multivariate analysis showed that
patients with increased postoperative morbidity had higher
creatinine (OR 1.348, 95% CI 1.200-1.514, p <0.001) and
glycaemia (OR 1.002, 95% CI 1.001-1.004, p =0.006) lev-
els, as well as low hemoglobin levels (OR 0.904, 95% CI
0.871-0.939, p <0.001) compared with patients who did
not experience any complications. They were also more
frequently under oral anticoagulation therapy (OR 1.462,
95% CI 1.167-1.832, p=0.001), presented with higher
rates of respiratory failure (OR 1.312, 95% CI 1.146-1.503,
p<0.001), and SIRS (OR 1.728, 95% CI 1.344-2.222,
p <0.001), had an established diagnosis of malignancy (OR
1.601, 95% CI 1.206-2.126, p=0.001), and underwent an
open surgical operation (p <0.001) (Table 7).

Patients with increased postoperative mortality rates had
higher creatinine (OR 1.496, 95% CI 1.318-1.697, p <0.001)
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Table 4 Analysis of a.dverse Clavien—Dindo grade Sample size Results: N. (%) p value p value p value
outcomes (postoper.at.lve Open Vs Open Vs Laparoscopic
morfahty and morblc!lty), . Laparoscopic  Converted Vs Converted
stratified by the Clavien—Dindo
classification system 1
Open 1369 158 (11.5) < 0.001 0.610 0.057
Laparoscopic 534 38(7.1)
Converted 90 12 (13.3)
Total 1993 208 (10.4)
I
Open 1369 206 (15.0) < 0.001 0.542 0.339
Laparoscopic 534 49 (9.2)
Converted 90 11 (12.2)
Total 1993 266 (13.3)
IIa
Open 1369 23 (1.7) 0.291 0.080 0.028
Laparoscopic 534 5(0.9)
Converted 90 4(4.4)
Total 1993 32 (1.6)
1IIb
Open 1369 51 (3.7) 0.680 0.483 1.000
Laparoscopic 534 17 (3.2)
Converted 90 33.3)
Total 1993 71 (3.6)
IVa
Open 1369 33(2.4) 0.029 0.718 1.000
Laparoscopic 534 6(1.1)
Converted 90 1(1.1)
Total 1993 40 (2.0)
IVb
Open 1369 17 (1.2) 0.329 0.121 0.023
Laparoscopic 534 2(0.4)
Converted 90 33.3)
Total 1993 22 (1.1)
Overall morbidity
Open 1369 496 (36.2) < 0.001 0.651 0.001
Laparoscopic 534 118 (22.1)
Converted 90 35 (38.9)
Total 1993 649 (32.6)
Mortality
Open 1369 154 (11.2) < 0.001 1.000 < 0.001
Laparoscopic 534 12 (2.2)
Converted 90 10 (11.1)
Total 1993 176 (8.8)
and glycaemia (OR 1.003, 95% CI 1.001-1.006, p=0.003) Discussion

levels, low hemoglobin levels (OR 0.890, 95% CI, p <0.001),
and a previous history of acute myocardial infarction (OR
2.359,95% CI 1.171-4.752, p=0.016) and heart failure (OR
1.959, 95% CI 1.389-2.763, p <0.001) were independently
associated with an increased risk of postoperative mortality
(Table 8).

Life expectancy in economically developed countries has
sensibly increased due to improvements in hygienic condi-
tions, better dietary regimens and medical advancements
[15].
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Table 5 Incidence of adverse outcomes stratified by type of operation and patients’ age

Surgical Intervention Overall Overall Mortality Morbidity Mortality Morbidity Mortal- Morbid-
mortality N. morbidity 65-74 years/o 65-74 years/o 75-84 years/o 75-84 years/o ity>84 ity > 84
(%) N. (%) (%) (%) (%) (%) years/o (%)  years/o (%)
Appendectomy
Overall 2(1.9) 25(23.1) - (19.6) 2.7 (29.7) (8.3) (41.7)
Open 2(4.5) 14 (31.8) - (22.2) (5.9) (47.1) (12.5) (50.0)
Laparoscopic - 8(14.3) - (14.7) - (12.5) - (25.0)
Converted - 3(37.5) - (50.0) - (25.0) - -
Cholecystectomy
Overall 8(1.8) 112 (24.8) 0.5) (19.3) (3.3) (30.7) (1.5) (40.3)
Open 7(7.4) 33(35.1) 3.7 (59.3) (11.4) (37.2) (4.3) (34.8)
Laparoscopic 1(0.3) 64 (19.9) - (11.7) (0.8) (24.4) - (42.9)
Converted - 15 (40.5) - (25.0) - (58.8) - (50.0)
Perforated gastro-duodenal ulcer repair
Overall 22 (20.8) 45 (42.5) (13.9) (44.4) (20.0) (48.0) (35.0) (25.0)
Open 15 (18.5) 38 (46.9) (11.1) (44.4) (17.9) (53.8) (33.3) (33.3)
Laparoscopic 5(25.0) 5(25.0) (20.0) (40.0) (20.0) (30.0) (40.0) -
Converted 2 (40) 2 (40) (25.0) (50.0) (100.0) - - -
Small bowel resection/adhesiolysis
Overall 35 (10.7) 111 (36.9) (7.3) (28.4) 9.0) (35.8) (17.9) (38.1)
Open 32 (12.0) 96 (36.0) 9.4) (29.4) 9.9) (39.6) (18.3) (38.0)
Laparoscopic 2(5.0) 7(17.5) - (15.4) (5.0) (15.0) (14.3) (28.6)
Converted 1(5.0) 8 (40.0) - (36.4) - (33.3) (16.7) (50.0)
Large bowel resection
Overall 71 (13.5) 215 (41.0) (13.5) (33.9) (11.0) (45.8) (18.8) (41.9)
Open 64 (14.2) 184 (40.8) (14.5) (34.5) (11.6) (46.4) (19.2) (38.4)
Laparoscopic 1(1.8) 24 (42.9) (5.0) (30.0) - (39.1) - (69.2)
Converted 6(35.3) 7(41.2) (16.7) (33.3) (33.3) (50.0) (60.0) (40.0)
Abdominal wall reconstruction
Overall 11 (3.4) 87 (26.5) 3.7) (24.3) (2.5) (29.4) 3.9 (25.5)
Open 10 (3.2) 83 (26.9) 4.1) (23.7) (2.6) (29.3) (3.1) (27.5)
Laparoscopic 1(5.3) 4(21.1) - (30.0) - (33.3) (16.7) -
Converted - - - - - - - -
Other
Overall 27 (18.2) 54 (36.5) (18.3) (43.3) (15.7) (28.8) (24.1) (37.9)
Open 24 (19.5) 48 (39.0) (20.8) (43.8) (15.3) (33.3) (25.0) (41.7)
Laparoscopic 209.1) 6(27.3) - (45.5) (14.3) - (25.0) (25.0)
Converted 1(33.3) - (100.0) - - - - -

Other intra-abdominal vascular, gynecological, and urological surgical procedures performed by general or emergency surgeons in emergency
settings

Table 6 Multivariate analysis: Variable B ES Wald df pvalue OR 95% CI

risk factors for conversion to

open surgery Systolic blood pressure -0.014 0.004 9.6368 1 0.002 0.987 0.978-0.995
WBC Count 0.039 0.019 4.107 1 0.043 1.040 1.001-1.080
Respiratory failure 0.456 0.172 7.044 1 0.008 1.578 1.127-2.211

WBC white blood cells, ASA American Society of Anesthesiologists, OR odds ratio, CI confidence interval
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Table7 Multivariate analysis: Variable B ES  Wald df pvalue OR  95%CI

risk factors for Postoperative

Morbidity Creatinine 0298 0059 25319 1 <0001 1348 1.200-1.514
Glycaemia 0.002 0.001 7455 1 0.006 1.002 1.001-1.004
Hemoglobin -0.100 0.019 27886 1 <0.001 0.904 0.871-0.939
Oral anticoagulation therapy 0.380 0.115 10.879 1 0.001 1.462 1.167-1.832
Respiratory failure 0272 0.069 15432 1 <0.001 1312 1.146-1.503
Presence of malignant neoplasm 0471 0.145 10586 1 0.001 1.601 1.206-2.126
SIRS 0.547 0.128 18232 1 <0.001 1.728 1.344-2.222
Surgical approach (Open/Laparoscopic) —0.017 0.004 16449 1 <0.001 0.983 0.976-0.991
OR odds ratio, CI confidence interval, SIRS Systemic Inflammatory Response Syndrome

Table 8 Multivariate analysis: Variable B ES Wald df  pvalue  OR 95% CI

risk factors for postoperative

mortality Creatinine 0.403 0.064 39.049 1 < 0.001 1.496 1.318-1.697
Glycaemia 0.003 0.001 9.062 1 0.003 1.003 1.001-1.006
Hemoglobin -0.117 0.032 13.013 1 < 0.001 0.890 0.835-0.948
Acute myocardial 0.858 0.357 5.764 1 0.016 2.359 1.171-4.752

infarction < 6 months

Heart failure 0.672 0.175 14.681 1 < 0.001 1.959 1.389-2.763

OR odds ratio, CI confidence interval

Italy has one of the oldest aging population, with a
mean age of 80.6 years for men and 84.9 years for women
[16]. According to the Italian National Institute for Statis-
tics (ISTAT), for every 100 persons younger than 15 years
of age, there are 81 who are older than 60 years [2].

While elective surgical procedures in the elderly pro-
vide satisfactory results compared with the younger popu-
lation, this does not seem true for emergency general sur-
gery, where significantly higher morbidity and mortality
rates are reported [4, 17, 18]. Emergency laparotomy is
considered a high-risk procedure, with significant mor-
tality rates ranging from 14 to 20%. In the presence of
comorbidity and perioperative conditions like sepsis, mor-
tality the rate increases to over 50% in elderly patients
[19, 20].

The use of the laparoscopic approach in the emergency
setting is well established and has some advantages to the
open approach by reducing the postoperative pain, length
of hospital stay and complication rates [21-24].

According to some authors, laparoscopy carries particu-
lar risk via carbon dioxide insufflation in elderly patients
with reduced cardiopulmonary reserve, causing diaphrag-
matic splinting, reducing venous return and cardiac output,
and predisposing the patient to myocardial infarction and
basal atelectasis.

In the present study, laparoscopy for acute abdomen
was performed in only 31.3% of the cases, similar to other
national series [22, 25-27].

Laparoscopy for acute abdomen in Italy gained an
increasing diffusion during the last 10 years, as shown by
the increased rate of abdominal emergencies approached
by laparoscopy reported by Agresta et al. In particular,
significant changes have been recorded in the penetration
of laparoscopic surgery for acute diverticulitis; whereas,
other conditions such as small bowel obstruction and per-
forated peptic ulcer are still approached by laparotomy in
about 70% of cases [22].

More than 70% of patients with acute cholecystitis
underwent laparoscopic cholecystectomy in the present
study. In young and otherwise healthy patients, early chol-
ecystectomy represents the standard of care for acute chol-
ecystitis, as it is related to lower complication rate, shorter
hospital stay and lower costs compared with delayed chol-
ecystectomy. A recent systematic review and meta-analysis
comparing early and delayed cholecystectomy for acute
cholecystitis in the elderly population demonstrated that
early cholecystectomy seems to be a feasible treatment,
being the procedure associated with a conversion rate
of 23%, perioperative morbidity of 24%, and mortality
of 3.5% [28]. However, these rates are higher than those
reported for non-elderly patients undergoing emergency
cholecystectomy, being approximately 15% and < 1%,
respectively [29].

Another meta-analysis by Antoniou et al. comparing
open and laparoscopic cholecystectomy in elderly patients
showed that odds ratios for mortality (1.0% vs 4.4%),
morbidity (11.5% vs 21.3%), cardiac (0.6% vs 1.2%) and
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respiratory complications (2.8% vs 5.0%) were constantly
in favor of laparoscopic surgery [30].

Emergency laparoscopic colorectal resection, where
technically feasible, has demonstrated to improve the
postoperative outcomes in comparison to open surgery,
especially in terms of median length of hospital stay and
overall complication rate [31].

Likewise, a recent meta-analysis by Cirocchi et al.
exploring the role of emergency laparoscopic colectomy
for complicated sigmoid diverticulitis showed that lapa-
roscopy improves the rates of overall postoperative com-
plications (RR 0.62, 95% CI 0.49-0.80) and postopera-
tive hospital stay (MD —6.53, 95% CI — 16.05 to 2.99).
Conversely, laparoscopy did not seem to improve the other
clinical outcomes, such as the rate of primary anastomosis,
operating time, reoperation rate and postoperative 30-day
mortality [32]. Results coming from the large prospective,
observational study by Santacruz et al. showed that lapa-
roscopic colon cancer resections decrease wound infection
rate, postoperative complications, and length of hospital
stay, especially in ASA III-IV patients [27].

Moreover, recent randomized controlled trials, such
as the COST, COLOR and CLASSIC have demonstrated
the efficacy and safety of minimally invasive colectomy
in patients with colorectal cancer [33—-35]. Unfortunately,
all these trials have underrepresented the elderly and failed
to account for frailty.

We found that emergency colorectal resections were
performed laparoscopically in almost 11% of cases in our
study. In the same way, contemporary data show that in
developed countries, less than 17% of emergency colorec-
tal resections for any cause and less than 5% for cancer are
performed by laparoscopy [31, 36].

Previous studies have highlighted the role of laparos-
copy also in surgical management of small bowel obstruc-
tion, since laparoscopic adhesiolysis has become a widely
adopted technique with a substantial reduction in the over-
all complication rate compared with open surgery [37, 38].
However, as also demonstrated in our study, when a resec-
tion is necessary, the literature shows that a minority of
cases are done entirely laparoscopically. If an indication
for resection is found during an explorative laparoscopy
for small bowel obstruction, the majority of resections are
done after conversion to laparotomy [39, 40]. This atti-
tude has been confirmed by the large analysis of over 4000
patients undergoing small bowel resection associated with
obstruction from adhesive disease, where only 2.9% were
approached laparoscopically [38].

It appears that laparoscopy is still relatively uncommon
also for perforated gastro-duodenal ulcer, which is one of the
most common surgical emergencies worldwide occurring
in approximately 2-10% of patients hospitalized for peptic
ulcer disease [41].
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Different studies have demonstrated that there has been a
shift in the overall population of emergency repair for per-
forated peptic ulcer to a more elderly cohort [42, 43]. Fac-
tors related to comorbidity, shock on admission, delayed sur-
gery and postoperative infections have been associated with
increased mortality and morbidity rates of up to 40% and 50%,
respectively, for perforated peptic ulcer in the elderly [44].

Less than 20% of patients with perforated gastro-duode-
nal ulcer were treated with laparoscopy in our study. Put-
ting these results in the context of emergency abdominal
surgery in the elderly, Testini et al. reported that patients
over 65 years have significantly higher mortality rate after
surgery for perforated peptic ulcer [45].

Recent statistics show that acute appendicitis currently
accounts for 15% of all emergency room visits for acute
abdominal pain in patients over 60 years of age, and appen-
dectomy is actually the third most common reason for
abdominal surgery in geriatric patients [46]. The risk of
death from acute appendicitis in older patients is up to 14
times that of this disease in the general adult population.

In 2013, Moazzez et al. reported that 75% of operations
performed on patients aged > 65 years with acute appendi-
citis were laparoscopic in the USA, a significantly higher
percentage compared with that reported by Guller et al. in
2003 [47, 48].

This confirmed that laparoscopic appendectomy is
becoming the gold standard approach even in older age
group patients owing to the well-demonstrated benefits of
laparoscopy, especially as regards the decreased rates of
postoperative complications.

Elderly patients are uniquely vulnerable to poor outcomes
after emergency surgical procedures.

Regardless of clinical and technical progress, mortality
and morbidity among elderly patients requiring emergency
abdominal surgery are still high. In our study, the overall
morbidity rate following surgery was 32.6%, with a signifi-
cant difference between the open (32%) and laparoscopic
groups (22.1%).

The reported mortality rates for patients submitted to any
type of surgical intervention were 8.8%, with a lower rate
for the laparoscopic procedures (2.2%) compared to open
(11.2%). Similar studies reported higher mortality rates
approaching 15%, with comparable overall morbidity rates
[49]. It is important to highlight that 84.2% of our cohort had
an ASA score < 3. Therefore, our population lower morbidity
may also be related to a lower baseline prevalence of comor-
bidity than prior studies which enrolled overall sicker patients.

Our data support laparoscopy as the standard choice for
the treatment of acute cholecystitis and appendicitis. How-
ever, its adoption is sensibly lower when there is involvement
of small and large intestine and, at the same time, the ratio of
laparoscopic procedures converted to open increases follow-
ing emergency operations which involve the bowel [50, 51].
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A very limited number of studies investigating the preop-
erative risk factors associated with emergency surgery for
acute abdomen in patients > 65 years of age have been pub-
lished to date. The results of the multivariate analyses in the
present study showed that patients with increased postopera-
tive mortality rates had higher creatinine and blood sugar
levels, low hemoglobin values, and had a previous history
of acute myocardial infarction and heart failure.

Moreover, high creatinine and blood sugar levels, low
hemoglobin values, oral anticoagulation therapy, acute res-
piratory failure, the presence of SIRS, an established diagno-
sis of malignancy and an open surgical approach were inde-
pendently associated with an increased risk of postoperative
morbidity. Recently, Poillucci et al. demonstrated that, in
elderly patients with acute appendicitis, perioperative risk
assessment in the emergency setting must be as accurate
as possible to identify modifiable risk factors that can be
addressed before surgery, such as preoperative hemoglobin
and creatinine levels [5].

Other population-based studies conducted on the general
population found the presence of cerebrovascular disease,
cardiopulmonary comorbidities, chronic nephropathy, cir-
rhosis of the liver, and malignancy to influence the 30-day
and 90-day mortality [52].

Among the secondary objectives of the study, we ana-
lyzed the conversion rate from laparoscopic to open surgery,
and short-term outcomes of elderly patients submitted to
emergency abdominal surgery.

Our data on conversion rate (14.4%) are similar to the
11% from the literature and is highly variable according
to the different complexity of procedures, with the lowest
conversion rates for cholecystectomies and appendectomies.

After multivariate analyses of our data, lowest blood pres-
sure and white blood cell count were associated with conver-
sion to laparotomy and co-morbidities associated with higher
conversion rates were only chronic pulmonary conditions.

Our study results must be interpreted within the context
of a number of limitations. There is a huge variation in the
organization of the emergency surgical departments across
the country, and the most relevant source of bias is probably
the heterogeneity of care in the various centers involved.
This probably derives from the lack of clear recommenda-
tions specifically tailored for the evaluation and management
of elderlies in need of an emergency surgical operation.

Another limitation is the non-randomized nature associ-
ated with any large database. Conclusions from non-rand-
omized studies can be misleading because there is always a
chance for selection bias, thus leading to the risk of under-
estimation or overestimation of the true intervention effect.
Patient selection may play a significant role in outcome dif-
ferences, as more complex patients may be more likely to
undergo open intervention, and this may skew the results in
favor of laparoscopic surgery.

Finally, a limitation of our data source is that FRAILESEL
only recorded 30-day postoperative outcomes. With a large
amount of medical expenditures occurring in the last year
of life, it would be of extreme interest to better understand
longer-term adverse outcomes to aid in decision-making for
the opportunity of surgical intervention with the family.

Regardless of technical progress, elderly patients under-
going emergency surgery are at very high risk for in-hos-
pital complications. A detailed analysis of complications
and mortality in the present study showed that almost 9% of
elderly patients died after surgery for acute abdomen, and
over 32% developed complications.

Appropriate patient selection is essential for achieving
adequate outcomes in laparoscopic emergency surgery in
the elderly. Laparoscopy may be not practicable in case of
cardiovascular and respiratory impairment, or in cases where
local complexity (extensive adherences, marked small bowel
dilatation, severe sepsis, obstructing colorectal cancer, etc.)
makes the availability of experienced laparoscopic surgical
and nursing staffs mandatory.

In conclusion, the FRAILESEL study demonstrated that
emergency operations for acute abdomen in the elderly are
basically performed through open surgery, preventing these
patients from the benefits of mini-invasive procedures. How-
ever, little is known about the reasons for that. Limitations
of laparoscopic surgery in these patients could be related to
the poor clinical conditions of the patients or to the lack of
expertise during night-time or weekend shifts when emer-
gency surgery is usually performed.
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