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ABSTRACT

Objective: To describe epidemiology and age-related mortality in critically ill older adults with intra-
abdominal infection.

Methods: A secondary analysis was undertaken of a prospective, multi-national, observational study (Ab-
dominal Sepsis Study, ClinicalTrials.gov #NCT03270345) including patients with intra-abdominal infection
from 309 intensive care units (ICUs) in 42 countries between January and December 2016. Mortality was
considered as ICU mortality, with a minimum of 28 days of observation when patients were discharged
earlier. Relationships with mortality were assessed by logistic regression analysis.

Results: The cohort included 2337 patients. Four age groups were defined: middle-aged patients [refer-
ence category; 40-59 years; n=659 (28.2%)], young-old patients [60-69 years; n=622 (26.6%)], middle-
old patients [70-79 years; n=667 (28.5%)] and very old patients [>80 years; n=389 (16.6%)]. Secondary
peritonitis was the predominant infection (68.7%) and was equally prevalent across age groups. Mortal-
ity increased with age: 20.9% in middle-aged patients, 30.5% in young-old patients, 31.2% in middle-old
patients, and 44.7% in very old patients (P<0.001). Compared with middle-aged patients, young-old age
[odds ratio (OR) 1.62, 95% confidence interval (CI) 1.21-2.17], middle-old age (OR 1.80, 95% CI 1.35-2.41)
and very old age (OR 3.69, 95% CI 2.66-5.12) were independently associated with mortality. Other inde-
pendent risk factors for mortality included late-onset hospital-acquired intra-abdominal infection, diffuse
peritonitis, sepsis/septic shock, source control failure, liver disease, congestive heart failure, diabetes and
malnutrition.

Conclusions: For ICU patients with intra-abdominal infection, age >60 years was associated with mortal-
ity; patients aged >80 years had the worst prognosis. Comorbidities and overall disease severity further
compromised survival. As all of these factors are non-modifiable, it remains unclear how to improve out-

comes.

© 2022 Elsevier Ltd and International Society of Antimicrobial Chemotherapy. All rights reserved.

1. Introduction

Due to demographic changes, older adults constitute a growing
proportion among critically ill patients. The clinical status of these
patients is often burdened with multiple underlying comorbidi-
ties, making them particularly vulnerable to healthcare-associated
complications, such as infection. Many critical care studies have
focused on older adults. This increased interest is related to the
growing proportion of older adults in the general patient popula-
tion, contributing to a rise in hospital and intensive care unit (ICU)
admissions, and to increased mortality among critically ill older
adults [1-5]. Age-related features, such as physiological alterations
in immunity, chronic underlying diseases, malnutrition, frailty and
socio-economic status, further contribute to the increased risk of
infection in older adults [6].

Intra-abdominal infections, particularly complicated intra-
abdominal infections, are difficult to treat. They differ from other
severe infections in terms of complexity of identification and
diagnosis, diversity of aetiology, degree of severity, and need
for source control [7-13]. Moreover, the increasing prevalence
of multi-drug-resistant (MDR) pathogens challenges the appro-
priateness of empiric antibiotic therapy, thereby increasing the
risk of adverse outcomes [14]. Also, critical illness and age con-
tribute to increased morbidity and mortality for patients with
intra-abdominal infection [7,8]. Age >75 years increases the risk
of death in patients with intra-abdominal infection or peritonitis
related to viscous perforation [15,16]. The impact of advanced
age on outcome after intra-abdominal infection and sepsis has
not been explored adequately for ICU patients specifically. Fur-
thermore, it is unclear whether older adults are more prone to
particular intra-abdominal infections, require more source control
interventions, or have a higher risk for the involvement of MDR

pathogens. All of these issues may change the clinical approach
for the older ICU patient with intra-abdominal infection.

The purpose of this study was to assess the epidemiology and
mortality of intra-abdominal infection in young-old, middle-old
and very old ICU patients compared with middle-aged patients.

2. Methods

This study was reported according to the STROBE statement for
observational studies [17]. Ethical approval for participating centres
was obtained at hospital, regional or national level. The study has
been registered at ClinicalTrials.gov (No. NCT03270345).

2.1. Study design

A secondary analysis of data from the Abdominal Sepsis Study
(AbSeS), an observational, prospective, international cohort con-
taining adult patients from 309 ICUs and 42 countries between
January and December 2016, was conducted [8]. Protocols and pro-
cedures followed for inclusion/exclusion criteria, definitions, meth-
ods and collection of data for AbSeS are reported elsewhere [8].
The aims of the present study were to describe the epidemiolog-
ical features of intra-abdominal infection, and identify factors re-
lated to ICU mortality in older ICU patients.

2.2. Patient selection

Following the AbSeS protocol, patients with intra-abdominal in-
fection, either as the primary ICU diagnosis or as a complication
during ICU hospitalization, were included in the study. All patients
aged >40 years were eligible for analysis in this study. Patients
without outcome data were excluded from the analysis. Patients
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were classified as middle-aged (40-59 years), young-old (60-69
years), middle-old (70-79 years) or very old (>80 years).

2.3. Variables

For every included patient, the following data were retrieved
from the AbSeS database: demographics (sex, age), type of ICU
admission (medical, surgical or trauma), comorbidities, Simplified
Acute Physiology (SAPS) II score at the time of ICU admission [18],
Sequential Organ Failure Assessment (SOFA) score at the time of
diagnosis [19], type of intra-abdominal infection, microbial aetiol-
ogy and antimicrobial resistance profiles, intra-abdominal risk clas-
sification, and source control evaluation 7 days after diagnosis. In
addition, information regarding ICU length of stay and mortality
was retrieved.

2.4. Definitions

Intra-abdominal infection types were determined based on the
International Sepsis Forum Consensus Conference Definitions [20].
Intra-abdominal infections were classified according to the Ab-
SeS risk classification [8,21], which is based on: (i) severity of
disease expression; (ii) presence or absence of anatomical dis-
ruption and consequent localized or diffuse peritonitis; and (iii)
setting of infection acquisition. Severity of disease expression
was defined as infection, sepsis or septic shock according to
the Sepsis-3 criteria [22]. Intra-abdominal infections were clas-
sified as either without anatomical disruption, or with anatom-
ical disruption resulting in either localized or diffuse peritoni-
tis (i.e. contamination spread to entire abdominal cavity). Set-
ting was classified as community-acquired, healthcare-associated
and/or early-onset hospital-acquired (<7 days of hospital admis-
sion), or late-onset hospital-acquired (>7 days of hospital admis-
sion). Healthcare-associated onset was defined by at least one
of the following risk factors for MDR pathogens: nursing home
resident, out-of-hospital parenteral nutrition or vascular access,
chronic dialysis, recent hospital admission (<6 months), or recent
antimicrobial exposure (<6 months). For the sake of convenience,
‘healthcare-associated and/or early-onset hospital-acquired’ cases
were designated ‘early-onset hospital-acquired’. All cultures of
intra-operative or transabdominal fine needle aspiration samples,
abdominal drains sampled <24 h post surgery and blood cultures
related to intra-abdominal infection were evaluated by the physi-
cians reporting to AbSeS. Empiric antimicrobial therapy target-
ing Gram-positive, Gram-negative or anaerobic bacteria and fungi
were recorded. Antimicrobial resistance patterns were reported
and evaluated according to the EUCAST breakpoints [23]. MDR
pathogens were defined as extended-spectrum beta-lactamase-
producing strains, carbapenem- or fluoroquinolone-resistant Gram-
negative bacteria [24], methicillin-resistant Staphylococcus aureus
(MRSA) or vancomycin-resistant enterococci. Source control was
evaluated at day 7. Failure of source control represented either the
need for re-intervention following the initial approach (conserva-
tive management or source control intervention), or the presence
of persistent inflammation reflecting clinical evidence of a remain-
ing source of infection.

2.5. Outcomes

Mortality was the primary outcome. More precisely, the impact
of age on mortality was assessed after adjustment for other poten-
tial risk factors for death. Mortality was defined as ICU mortality,
with a minimum of 28 days of observation for patients with an
earlier discharge. Sample size calculation was not performed due
to the study design.
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2.6. Statistical analysis

Descriptive statistics included percentages as n (%) for categor-
ical variables, and median values with interquartile range (IQR)
for continuous variables. Patients’ baseline characteristics, impli-
cated pathogens, antimicrobial resistance profiles and outcomes
were compared between the four age groups. Chi-squared test and
Fisher exact test were used, as appropriate, for the comparison of
categorical variables, and analysis of variance (ANOVA) was used
for comparison between quintiles. Logistic regression analysis with
the logit link function was used to assess independent associa-
tions between single variables and mortality, and results were re-
ported as odds ratios (OR) and 95% confidence intervals (CI). A sta-
ble model based on both clinical and methodological reasoning and
statistical results was sought. All variables potentially related to the
outcome sought were considered, and those that fulfilled feature
selection were included. Feature selection and final fit was done
through a stepwise forward and backward approach, depending on
the Akaike Information Criterion (AIC) value (dropping and adding
variables that lead to the smallest AIC). Irrespective of their rela-
tionship with mortality in univariate analysis, the following vari-
ables were considered in the logistic regression model: age group,
sex, setting of infection acquisition, anatomical disruption, sever-
ity of disease expression, SAPS II score, comorbidities (i.e., chronic
pulmonary disease, chronic renal failure, neurologic disease, liver
disease, myocardial infarction, congestive heart failure, peripheral
vascular disease, diabetes, immunosuppression, malnutrition (body
mass index <20 kg/m?), obesity (body mass index >30 kg/m?2),
source control achievement, empiric antimicrobial coverage, MDR
pathogens and length of ICU stay. The decision was made not to
include SOFA score in the model as it strongly overlapped with the
severity of disease classification used to define the phenotype of
intra-abdominal infections. For the logistic regression model, only
cases with no missing values were considered. To rule out length
time bias, a sensitivity analysis was planned using 28-day mortal-
ity instead of the main outcome used throughout the study (i.e.
ICU mortality with a minimum of 28 days of observation).

Survival curves for middle-aged, young-old, middle-old and
very old critically ill patients with intra-abdominal infection were
prepared by the Kaplan-Meier method. Cox proportional-hazards
regression was used to adjust survival distributions for setting of
infection acquisition, anatomical barrier disruption, severity of dis-
ease expression, comorbidities and source control achievement. Pa-
tients were censored at 28 days. Adjusted relationships of older
age categories with mortality were reported as hazard ratios (HR)
and 95% (I relative to middle-aged patients (i.e. reference cate-
gory). Statistical analyses were performed using R Version 3.2.2 (R
Foundation for Statistical Computing) and SPSS Statistics Version
28 (IBM Corp., Armonk, NY, USA). All tests were two-tailed and
P<0.05 was considered to indicate statistical significance.

3. Results
3.1. Characteristics of the patients

The present study included 2337 patients (Figure 1). Among
these, 659 (28.2%) were middle-aged patients, 622 (26.6%) were
young-old patients, 667 (28.5%) were middle-old patients and 389
(16.6%) were very old patients. Patient characteristics are presented
in Table 1. Neurological disease, chronic renal failure, myocardial
infarction, congestive heart failure and peripheral vascular disease
were reported more frequently in very old patients compared with
the other groups. Chronic pulmonary disease, diabetes mellitus,
liver-related diseases, immunodeficiency, malignancy and obesity
were more common in middle-aged patients. Very old patients
presented more often with community-acquired and early-onset
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Table 1
Characteristics of critically ill patients with intra-abdominal infection by age group.

[m5G;May 21, 2022;15:4]
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Middle-aged
(40-59 years)

Young-old (60-69 Middle-old (70-79 Very old (>80

Parameters (n=659) years) (n=622) years) (n=667) years) (n=389) P-values
Age (years) 52 (47-57) 65 (62-67) 74 (72-77) 84 (82-86) <0.001
Sex (male) 369 (56.0) 385 (62.2) 385 (57.9) 200 (51.4) 0.007
ICU stay (days) 10 (4-20) 9 (4-18) 8 (4-16) 8 (4-17) 0.129
Underlying conditions
Chronic pulmonary disease 58 (8.8) 102 (16.4) 119 (17.8) 45 (11.6) <0.001
Malignancy 162 (24.6) 200 (32.2) 207 (31.0) 105 (27.0) 0.010
Neurologic disease 19 (2.9) 47 (7.6) 50 (7.5) 56 (14.4) <0.001
Liver disease 42 (6.4) 46 (7.4) 19 (2.8) 6 (1.5) <0.001
Chronic renal failure 43 (6.5) 64 (10.3) 89 (13.3) 75 (19.3) <0.001
Myocardial infarction 21 (3.2) 42 (6.8) 73 (10.9) 47 (12.1) <0.001
Congestive heart failure 16 (2.4) 33 (5.3) 73 (10.9) 55 (14.1) <0.001
Peripheral vascular disease 20 (3.0) 49 (7.9) 60 (9.0) 39 (10.0) <0.001
Diabetes mellitus 90 (13.7) 132 (21.2) 172 (25.8) 78 (20.1) <0.001
Impaired immunity 88 (13.4) 71 (11.4) 55 (8.2) 16 (4.1) <0.001
Malnutrition 50 (7.6) 38 (6.1) 31 (4.6) 32 (8.2) 0.067
Obesity 197 (29.9) 188 (30.2) 203 (30.4) 73 (18.8) <0.001
Severity of acute illness
SAPS II score? 48 (38-59) 50 (40-62) 49 (38-60) 48 (37-60) 0.258
SOFA score® 6 (3-9) 7 (3-10) 6 (3-10) 6 (3-9) 0.242
Intra-abdominal infection risk
classification
Setting of infection acquisition <0.001
Community-acquired 201 (30.5) 160 (25.7) 215 (32.2) 143 (36.8)
Early-onset hospital-acquired 155 (23.5) 145 (23.3) 163 (24.4) 115 (29.6)
Late-onset hospital-acquired 303 (46.0) 317 (51.0) 289 (43.3) 131 (33.7)
Anatomical barrier disruption 0.942
No disruption 163 (24.7) 148 (23.8) 152 (22.8) 86 (22.1)
Yes, with localized peritonitis 237 (36.0) 232 (37.3) 251 (37.6) 141 (36.2)
Yes, with diffuse peritonitis 259 (39.3) 242 (38.9) 264 (39.6) 162 (41.6)
Severity of disease expression 0.043
Infection 36 (5.5) 48 (7.7) 33 (4.9) 21 (5.4)
Sepsis 422 (64.0) 363 (58.4) 382 (57.3) 237 (60.9)
Septic shock 201 (30.5) 211 (33.9) 252 (37.8) 131 (33.7)
Source control intervention 588 (96.1) 554 (95.3) 604 (96.0) 352 (95.9) 0.920
Time to source control 0.783
intervention (h)°
<2 230 (39.1) 240 (43.3) 263 (43.5) 148 (42.0)
2-12 246 (41.8) 217 (39.2) 248 (41.1) 144 (40.9)
12-24 52 (8.8) 46 (8.3) 42 (7.0) 34 (9.7)
24-48 24 (4.1) 21 (3.8) 16 (2.6) 10 (2.8)
>48 36 (6.1) 30 (5.4) 35 (5.8) 16 (4.5)
Source control evaluation at day 7 0.218
Success 380 (57.7) 343 (55.1) 363 (54.4) 205 (52.7)
Persistent inflammation 173 (26.3) 191 (30.7) 198 (29.7) 132 (33.9)
Source control intervention within 106 (16.1) 88 (14.1) 106 (15.9) 52 (13.4)
7 days required
Mortality at 28 days 113 (17.1) 163 (26.2) 175 (26.2) 157 (40.4) <0.001
ICU mortality with minimum of 138 (20.9) 190 (30.5) 214 (32.1) 174 (44.7) <0.001

28 days of observation

Middle-aged, 40-59 years; young-old, 60-69 years; middle-old, 70-79 years; very old, >80 years; ICU, intensive care unit; SAPS, Simplified Acute Physiology; SOFA, Sequential

Organ Failure Assessment.
Values are presented as percentage or interquartile range.
2 At the time of ICU admission.
b At the time of diagnosing intra-abdominal infection.
¢ Calculated from time of diagnosis or suspicion of intra-abdominal infection.

hospital-acquired infection compared with other age groups. Con-
versely, late-onset hospital-acquired infection was more common
in young-old patients compared with other age groups. No differ-
ences were observed between the age groups in terms of SAPS Il
and SOFA scores, empiric antimicrobial therapy, anatomical barrier
disruption, source control achievement and length of ICU stay.
Tables S1 (see online supplementary material) shows the dis-
tribution of distinct types of intra-abdominal infection between
the age groups. Secondary peritonitis was the predominant infec-
tion, with no difference in prevalence between the age groups.
The prevalence of biliary tract infection increased with increas-
ing age, whereas intra-abdominal abscesses and pancreatic infec-
tions became less prevalent as age increased. No differences in em-

piric antimicrobial coverage were observed between the age groups
(Table 2).

3.2. Microbiological findings

Cultures were sampled from 1776 patients (76%), with similar
sampling rates in all study groups (P=0.789). No differences in cul-
ture results (Table S2, see online supplementary material) or an-
timicrobial resistance patterns (Table 3) were observed between
the four age groups. However, when all three older age groups
were pooled, Enterococcus faecium was isolated more frequently
from older patients compared with middle-aged patients (11.9% vs
8.1%; P=0.019).
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Table 2
Empiric antimicrobial coverage for intra-abdominal infection by age group.
Middle-aged Young-old Middle-old Very old
(40-59 years) (60-69 years) (70-79 years) (>80 years)
Empiric antimicrobial coverage? (n=659) (n=622) (n=667) (n=389) P-values
Basic schedule covering aerobic 584 (95.0) 541 (94.1) 589 (94.8) 325 (92.1) 0.252
Gram-positive, Gram-negative and
anaerobic bacteria
Pseudomonas coverage 508 (82.7) 476 (82.8) 489 (80.7) 282 (80.6) 0.664
Enterococcal coverage (targeting 462 (75.2) 426 (74.1) 450 (72.5) 253 (71.7) 0.571
Enterococcus faecalis)
VRE coverage 32 (5.2) 29 (5.0) 47 (7.6) 20 (5.7) 0.218
MRSA coverage 158 (25.7) 139 (24.2) 173 (27.9) 101 (28.6) 0.363
Candida coverage 105 (17.1) 100 (17.4) 121 (19.5) 56 (15.9) 0.497
VRE, vancomycin-resistant enterococci; MRSA, methicillin-resistant Staphylococcus aureus.
2 Data on empiric antimicrobial therapy was available in 2164 patients, i.e. 92.6% of the study cohort.
Table 3
Antimicrobial resistance profiles in critically ill older patients with intra-abdominal infection by age group.
Middle-aged Young-old Middle-old Very old
(40-59 years) (60-69 years) (70-79 years) (>80 years)
(n=508) (n=472) (n=507) (n=289)
Resistance in Gram-negative bacteria
ESBL 81 (15.9) 78 (16.5) 72 (14.2) 55 (19.0)
Carbapenem-resistance 39 (7.7) 35(7.4) 37 (7.3) 15 (5.2)
Fluoroquinolone resistance 93 (18.3) 83 (17.4) 80 (15.8) 47 (16.3)
Difficult-to-treat resistance? 28 (5.5) 21 (4.4) 16 (3.2) 11 (3.8)
Resistance in Gram-positive bacteria
MRSA 4(0.8) 4 (0.8) 10 (2.0) 2 (0.7)
VRE 8 (1.6) 16 (3.2) 16 (3.2) 7 (2.4)
Total antimicrobial resistance” 96 (18.9) 103 (21.8) 108 (21.3) 64 (22.1)

ESBL, extended-spectrum beta-lactamase-producing Gram-negative bacteria; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci.

2 Resistant to all beta-lactam antibiotics, carbapenems and fluoroquinolones.

b patients with either ESBL-producing Gram-negative bacteria, carbapenem-resistant Gram-negative bacteria, MRSA or VRE.

Total cohort
(n=2621)

—>| Age <40 years (n=256) |
—’l No mortality reported (n=28) |

Eligible study patients

(n=2337)
Middle-aged, Young-old, Middle-old, Very-old,
40-59 years 60-69 years 70-79 years >80 years
(n=659) (n=622) (n=667) (n=389)

Fig. 1. Patient selection flowchart.

3.3. Mortality

Unadjusted mortality rates were higher in very old patients
(44.7%) compared with middle-old patients (32.1%), young-old pa-
tients (30.5%) and middle-aged patients (20.9%) (P<0.001). Similar
results were observed when adjusted stepwise logistic regression
was used (Table 4). Compared with middle-aged patients (refer-
ence group), mortality was significantly higher among young-old
patients, middle-old patients and very old patients. Additional fac-
tors related to mortality were late-onset hospital-acquired intra-
abdominal infection, diffuse peritonitis, sepsis or septic shock, fail-
ure of source control, liver disease, congestive heart failure, dia-
betes and malnutrition. Executing the logistic regression by us-
ing 28-day mortality did not alter the results (Table S3, see on-
line supplementary material). Figure 2 shows the survival curves
for the distinct age groups as adjusted for independent risk fac-

tors for mortality. Compared with middle-aged patients, cumula-
tive survival was significantly lower in all three older age cat-
egories. However, cumulative survival curves for young-old and
middle-old patients were very similar. Due to the overall high mor-
tality in patients aged >80 years (45%), the authors tried to define
specific phenotypes with a particularly poor prognosis within this
age group. This was done according to the AbSeS risk classifica-
tion (Table 5). Among octogenarians, mortality most often exceeds
50% in patients presenting with sepsis or septic shock, and either
localized or diffuse peritonitis.

4. Discussion

This secondary analysis of the AbSeS cohort presented comor-
bidities, severity of acute disease and infection characteristics of
critically ill older patients with intra-abdominal infection. Mortal-
ity was considerably higher among patients aged >60 years com-
pared with middle-aged patients (40-59 years). Patients aged >80
years had significantly higher mortality compared with younger
patients. In very old patients (>80 years), mortality was exception-
ally high (up to 70%) among those presenting with either sepsis or
septic shock, and either localized or diffuse peritonitis. None of the
identified risk factors for death are modifiable, and therefore this
study cannot provide action targets to potentially improve survival.
At the same time, the data presented illustrate the importance of
timely organized patient- and family-centred care conferences, as
suggested by the Surviving Sepsis Campaign guidelines [25-27].
These meetings should promote awareness about sepsis, and dis-
cuss realistic goals of care.

Similar to the present results, a large observational cohort of
severely septic ICU and non-ICU patients in the USA reported
higher mortality among patients aged >85 years compared with
their general study population (38.4% vs. 28.6%, respectively) [28].
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Table 4
Independent relationships with mortality in critically ill patients with intra-abdominal infection.

Variables OR (95% CI)

Age

Middle-aged (40-59 years) Reference

Setting of infection acquisition

Anatomical disruption

Young-old (60-69 years)
Middle-old (70-79 years)
Very old (>80 years)

Community-acquired infection
Early-onset hospital-acquired infection (<7 days)
Late-onset hospital-acquired infection (>7 days)

No anatomical barrier disruption
Anatomical disruption with localized peritonitis
Anatomical disruption with diffuse peritonitis

1.62 (1.21-2.17)
1.80 (1.35-2.42)
3.69 (2.67-5.12)

Reference
1.10 (0.82-1.47)
1.65 (1.28-2.12)

Reference
1.23 (0.93-1.64)
1.77 (1.35-2.32)

Severity of disease expression
Infection
Sepsis
Septic shock
Underlying conditions
Liver disease
Congestive heart

Diabetes mellitus

Malnutrition
Empiric antimicrobial therapy with coverage of MRSA 0.74 (0.58-0.94)
Source control achievement at day 7

Success

Failure, persisten

Failure, additional intervention required following initial approach

Reference
2.17 (1.28-3.87)
4.03 (2.36-7.24)

2.07
2.01
1.44
2.09

1.31-3.26)
1.38-2.94)
1.12-1.86)
1.40-3.11)

failure

Reference
5.20 (4.14-6.54)
2.02 (1.49-2.71)

t signs of inflammation

OR, odds ratio; CI, confidence interval; MRSA: methicillin-resistant Staphylococcus aureus.

Only cases without missing values were considered for the logistic regression model; 181 cases were excluded from the analysis. As such, the reported model is based on

2156 patients (overall, no variable in the database had >5% missing values).
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Fig. 2. Survival curves for middle-aged, young-old, middle-old and very old critically ill patients with intra-abdominal infection. Grey dashed line represents middle-aged
patients; grey solid line represents young-old patients; black dashed line represents middle-old patients; black solid line represents very old patients. Survival curves were

generated by Cox regression and have been adjusted for the intra-abdominal risk classi:

fication (i.e. setting of infection acquisition, anatomical barrier disruption, severity

of disease expression), comorbidities (i.e. liver disease, congestive heart failure, diabetes and malnutrition) and source control achievement. Hazard ratios (HR) and 95%
confidence intervals (CI) relative to middle-aged patients (i.e. reference category) are reported for older age categories: HR 1.39, 95% CI 1.11-1.73 for young-old patients
(P=0.004); HR 1.53, 95% CI 1.23-1.90 for middle-old patients (P<0.001); and HR 2.27, 95% CI 1.80-2.86 for very old patients (P<0.001).

Dimopoulos et al. observed that age >85 years among ICU pa-
tients with infection was an independent risk factor for mortality
[6]. Likewise, Bagshaw et al. concluded that age >80 years, regard-
less of ICU admission diagnosis, was associated with higher ICU
and hospital mortality compared with younger patients [2]. Previ-
ous studies suggested that advanced age is a contributing factor for
death in patients with secondary peritonitis, as well as in critically
ill patients with community-onset intra-abdominal infection [7,16].

Recently, Martin-Loeches et al. reported that age >80 years consti-
tutes an independent risk factor for mortality in a large cohort of
septic critically ill patients, of whom 35.6% had peritonitis as the
primary site of infection [29].

In contrast to the present results, Farmer et al. examined the
correlation between age and outcome in patients with compli-
cated intra-abdominal infection, and found that advanced age (>65
years) as an individual risk factor was not associated with in-
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Mortality among very old (>80 years) intensive care unit patients with intra-abdominal infection according to the Abdominal Sepsis Study risk classification.

Setting of infection acquisition

Community-acquired

Septic 5/14 8/12 14/20
shock 35.7% 66.7% 70.0%
Severity
5/19 12/36 21/35
of Sepsis
26.3% 33.3% 60.0%
disease
0/2 0/1 2/4
Infection
0% 0% 50.0%
Yes, with
Yes, with localized
No diffuse
peritonitis
peritonitis

Anatomical disruption

Early-onset hospital-acquired Late-onset hospital-acquired

2/11 9/17 0/8 9/13 15/27
22.2% 18.2% 52.9% 0% 69.2% 55.6%
7/14 10/32 13/26 3/17 14/29 19/29
50.0% 31.3% 50.0% 17.6% 48.3% 65.5%
0/2 1/3 1/2 2/5 0/1
0% 33.3% 50.0% 40.0% 0%
Yes, with Yes, with Yes, with Yes, with
localized diffuse No localized diffuse
peritonitis peritonitis peritonitis peritonitis

Anatomical disruption Anatomical disruption

creased risk of mortality [30]. While neither the present study nor
the study by Farmer et al. were powered for this outcome, the
present study included almost five times more patients. Also, the
threshold of 65 years may have led to a loss of age-related res-
olution. Furthermore, older patients in the study by Farmer et al.
had a higher rate of colon or rectum infections, which was not ob-
served in the present study (Table S1, upper vs. lower gastrointesti-
nal tract perforation in secondary peritonitis).

For sources of infection other than the abdomen, such as noso-
comial bloodstream infection and ventilator-associated pneumonia
(VAP), hospital mortality rates were amplified in older ICU pa-
tients, particularly in very old patients [31,32]. On the contrary,
mortality did not differ between older (>75 years) and younger
ICU patients with invasive aspergillosis (73.6% vs. 72.0%, respec-
tively) [33]. The lack of a difference in mortality can be explained
by the very high baseline mortality in this particular cohort. Fur-
thermore, in a cohort study of non-critically ill older adults, noso-
comial bloodstream infection was not recognized as an indepen-
dent risk factor for death (HR 1.3, 95% CI 0.6-2.6) [34]. One expla-
nation could be that the impact of severe infectious complications
on mortality might be attenuated in the extremes of disease sever-
ity. The proportion of infections with Escherichia coli and entero-
cocci was very high. The prevalence of infections caused by these
pathogens has risen in the past decade, leading to concerns related
to potential evolution of resistance [35,36]. With the exception of
E. faecium, no substantial differences in microbial aetiologies were
observed between the age groups. In a cohort of older (>75 years)
ICU patients, Dupont et al. reported that enterococcal involvement
in intra-abdominal infections was associated with higher morbid-
ity and mortality, but the present study could not confirm this as-
sociation [37]. In the present analysis, MDR pathogens were not
more common among the older adults, and were not associated
with increased mortality. These findings contrast with the data
by Blot et al. in a multi-centre European prospective cohort of
VAP episodes where the risk of death was significantly higher in
old (65-74 years) and very old (=75 years) patients and in pa-
tients with high-risk pathogens (i.e. MRSA, Pseudomonas aerugi-
nosa, Acinetobacter baumannii, Stenotrophomonas maltophilia) [32].

As reported earlier [8], one possible explanation is the equivocal
sense of cultures sampled from peritonitis. Further investigation
is needed to isolate the effect of MDR pathogens on the risk of
mortality in older ICU patients with intra-abdominal infection from
modifiers and covariates.

In addition to older age, several other factors were found to
be associated with increased mortality. These included phenotypic
characteristics of intra-abdominal infection, such as the setting of
infection acquisition, anatomical disruption with diffuse peritoni-
tis, and severity of disease expression. Furthermore, comorbidities
and failure of source control were associated with increased risk
of death. In a previous study on older ICU patients with intra-
abdominal candidiasis, inadequate source control at day 2 was
shown to have a negative effect on survival [38]. In the present
study, the rate of source control intervention was high across
all age groups (>95%). It could be presumed that this high rate
of source control interventions can - at least in part - be ex-
plained by the fact that this study cohort consisted exclusively of
ICU patients. ICU admission implies a certain preselection of pa-
tients with an anticipated chance of survival, encouraging immedi-
ate source control intervention if indicated. The present study has
several strengths, namely the inclusion of a large number of older
adult ICU patients, the prospective and multi-national design, the
inclusion of both community- and hospital-acquired infections, and
the investigation of a considerable number of predictors of mortal-
ity.

This study also had several limitations. Variables potentially in-
fluencing the outcome could have been missed as data collection
was not targeted specifically for this outcome (i.e. medications,
treatment delays, specific frailty score). Also ‘do not resuscitate’
(DNR) data were not available. However, as DNR practices are nei-
ther valid universally, nor supported universally by national laws in
the participating countries, inclusion of these in the data collection
would have resulted in inherent bias. Age classifications were cho-
sen arbitrarily as no strict age definition for critically ill infected
patients exists in the literature [6,32,33,38]. As age >80 years is of-
ten considered as a substantial risk factor for mortality, this thresh-
old was adopted to define very old age [29,39,40]. Furthermore,
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source control evaluation was left to the discretion of local investi-
gators in charge, and was not evaluated by an independent panel.
Finally, the authors were only able to report ICU mortality or 28-
day mortality. It is not unthinkable that with a larger window of
observation, mortality figures between the age groups would either
diverge further or converge.

5. Conclusions

This international cohort study demonstrated an important re-
lationship between older age and mortality in critically ill older
adults with intra-abdominal infection or sepsis. Age >60 years,
particularly age >80 years, was associated with increased risk of
death. Comorbidities, anatomical disruption with diffuse peritoni-
tis, sepsis or septic shock, and failure of source control were addi-
tional risk factors significantly related to mortality. As these risk
factors for death are non-modifiable, the search for therapeutic
targets that may improve outcomes continues. In the mean time,
these data clearly stress the importance of care conferences to in-
form and discuss realistic goals of care with the family.
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Iran: Nemazi Hospital (Shiraz): Mansoor Masjedi; Anesthesiol-
ogy and Critical Care Research Centre, Shiraz University of Med-
ical Sciences (Shiraz): Reza Nikandish, Farid Zand; Shiraz Trauma
Hospital (Shiraz): Golnar Sabetian; Shohada Hospital (Tabriz):
Ata Mahmoodpoor; Masih Daneshvari Hospital (NRITLD (Tehran):
Seyed Mohammadreza Hashemian.

Israel: Hadassah Hebrew University Medical Centre (Jerusalem):
Miklosh Bala.

Italy: Cardarelli Ospedale (Campobasso): Romeo Flocco, Ser-
gio Torrente; PinetaGrande Private Hospital (Castel Volturno): Vin-
cenzo Pota; Arcispedale Sant’Anna (Ferrara): Savino Spadaro, Carlo
Volta; University Hospital of Modena (Modena): Massimo Gi-
rardis, Giulia Serafini; Ospedale S.Antonio (Padova): Sabrina Bo-
raso, Ivo Tiberio; Azienda Ospedaliera Universitaria Policlinico
Paolo Giaccone (Palermo): Andrea Cortegiani, Giovanni Misseri;
Azienda Ospedaliero-Universitaria di Parma (Parma): Maria Barba-
gallo, Davide Nicolotti; Azienda Ospedaliero-Universitaria Pisana
(Pisa): Francesco Forfori, Francesco Corradi; Fondazione Policlin-
ico Universitario A.Gemelli IRCCS (Roma): Massimo Antonelli, Gen-
naro De Pascale; Regina Elena National Cancer Institute of Rome
(Roma): Lorella Pelagalli; Azienda Ospedaliero-Universitaria Citta
della Salute e della Scienza di Torino, Presidio Ospedaliero Mo-
linette (Torino): Luca Brazzi, Ferdinando Giorgio Vittone; Policlinico
Universitario GB Rossi (Verona): Alessandro Russo, Davide Simion;
University-Hospital of Foggia (Foggia): Antonella Cotoia, Gilda Cin-
nella.

Jamaica: University Hospital of the West Indies (Kingston):
Patrick Toppin, Roxanne Johnson-Jackson.

Japan: Kameda General Hospital (Kamogawa): Yoshiro Hayashi,
Ryohei Yamamoto; Japanese Red Cross Musashino Hospital
(Tokyo): Hideto Yasuda, Yuki Kishihara; Okinawa Prectural Chube
Hospital (Uruma, Okinawa): Junji Shiotsuka.

Mexico: UMAE Hospital Especialidades Antonio Fraga Mouret-
Centro Medico Nacional La Raza IMSS (Mexico City): Luis Alejandro
Sanchez-Hurtado, Brigitte Tejeda-Huezo; Hospital Juirez de Mex-
ico (Mexico City): Luis Gorordo; Instituto Nacional de Cancerologia
(Mexico City): Silvio A. Namendys-Silva, Francisco ]. Garcia-Guillen;
Hospital general # 5 IMSS (Nogales, Sonora): Manuel Martinez;
Hospital Regional de Alta Especialidad de la Peninsula de Yucatan
(Merida, Yacatan): Erick Romero-Meja, Ever Colorado-Dominguez.

Netherlands: Deventer Hospital (Deventer): Huub van den
Oever, Karel Martijn Kalff; Medisch Spectrum Twente (Enschede):
Wytze Vermeijden, Alexander Daniel Cornet; Tjongerschans Hospi-
tal (Heerenveen): Oliver Beck, Nedim Cimic; Zuyderland Medisch
Centrum (Heerlen): Tom Dormans, Laura Bormans; Erasmus MC
University Medical Centre (Rotterdam): Jan Bakker, Ditty Van
Duijn; Elisabeth-TweeSteden Ziekenhuis (Tilburg): Gerrit Bosman,
Piet Vos; University Medical Centre (Utrecht): Dylan de Lange,
Jozef Kesecioglu; Diakonessenhuis (Utrecht): Lenneke Haas.

Oman: Khoula Hospital (Muscat): Akram Henein.

Paraguay: Hospital Regional de Luque (Luque): Ariel M Miranda.

Peru: Clinica Ricardo Palma (Lima): Luis Daniel Umezawa
Makikado, Gonzalo Ernesto Gianella Malca; Victor Lazarte
Echegaray Hospital (Trujillo): Abel Arroyo-Sanchez.

Poland: Silesian Hospital Cieszyn (Cieszyn): Agnieszka
Misiewska-Kaczur; Wojewodzki Szpital Zesoloby w Koninie
(Konin): Frisch Akinyi; First Public Teaching Hospital (Lublin):
Miroslaw Czuczwar; Szpital Wojewodzki w Opolu SPZOZ (Opole):
Karolina Luczak; SPZZOZ w Ostrowi Mazowieckiej (Ostrow Ma-
zowiecka): Wiktor Sulkowski; Poznan University of Medical
Sciences,Regional Hospital in Poznan (Poznan): Barbara Ta-
mowicz, Adam Mikstacki; Centrum Medyczne (Poznan): Beata
Swit, Bronistaw Baranowski; University Hospital (Poznan): Piotr
Smuszkiewicz, Iwona Trojanowska; WSM im. ]. Strusia (Poz-
nan): Stanislaw Rzymski; Niepubliczny Zakiad Opieki Zdrowotnej
Szpital w Puszczykowie im. prof. Stefana Tytusa Dabrowskiego
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(Puszczykowo): Mariusz Sawinski, Marta Trosiak; Infant Jesus
Teaching Hospital of Warsaw Medical University (Warsaw): Malgo-
rzata Mikaszewska-Sokolewicz.

Portugal: Hospital de Braga (Braga): Ricardo Alves, Dina Leal;
Centro Hospitalar Algarve (Faro): Andriy Krystopchuk, Pedro
Muguel Hilario Mendonca; Centro Hospitalar Universitario Lisboa
Central - Hospital Curry Cabral (Lisboa): Rui Antunes Pereira; Cen-
tro Hospitalar Universitdrio Lisboa Norte - Hospital de Santa Maria
(Lisboa): Maria Raquel Lopes Marques de Carvalho, Carlos Can-
deias; Hospital Pedro Hispano (Matosinhos): Elena Molinos, Amélia
Ferreira; Centro Hospitalar Sao Joao - Servico Medicina Intensiva
- UCIPU (Porto): Guiomar Castro, José-Artur Paiva; Centro Hospi-
talar Sao Joao - Servico Medicina Intensiva - UCIPG (Porto):José-
Manuel Pereira; Centro Hospitalar Sao Joao - Infectious Diseases
ICU (Porto): Lurdes Santos, Alcina Ferreira; Hospital do Litoral
Alentejano (Santiago do Cacém): Dulce Pascoalinho; Sdo Bernardo
- Centro Hospitalar Setubal (Setubal): Rosa Ribeiro, Guilherme
Domingos; Hospital Vila Franca de Xira (Vila Franca de Xira): Pedro
Gomes, David Nora; Centro Hospitalar de Tras-os-Montes e Alto
Douro (Vila Real): Rui Pedro Costa, Anabela Santos.

Qatar: Hamad Medical Corporation (Doha): Ahmed Subhy Al-
sheikhly.

Romania: Fundeni Clinical Institute (Bucharest): Dana Tomescu,
Mihai Popescu; Regional Institute of Oncology (lasi): loana Grigo-
ras, Emilia Patrascanu.

Russian  Federation: Krasnodar Regional Hospital #2
(Krasnodar): Igor Zabolotskikh, Tatiana Musaeva; Krasnoyarsk
State Medical University, Krasnoyarsk Regional Clinical Hospital
(Krasnoyarsk): Alexey Gritsan, Denis Gaigolnik; Vishnevsky In-
stitute of Surgery (Moscow): Vladimir Kulabukhov; Privolzhskiy
District Medical Centre (Nizhniy Novgorod): Vladislav Belskiy;
Clinical Hospital # 4 (Perm): Nadezhda Zubareva, Maxim Tribulev.

Saudi Arabia: International Medical Centre (Jeddah): Ahmed Ab-
delsalam, Ayman Aldarsani; King Faisal Specialist Hospital & Re-
search Centre (Riyadh): Muhammad Al-Khalid; PSMMC (Riyadh):
Ghaleb Almekhlafi, Yasser Mandourah.

Serbia: Clinical Centre of Serbia (Belgrade): Bojan Jovanovic,
Krstina Doklestic; Clinic for Digestive Surgery (Belgrade): Jelena
Velickovic, Dejan Velickovic; Clinical Centre Nis, (Nis): Radmilo
Jankovic, Anita Vukovic; Oncology Institute of Vojvodina (Sremska
Kamenica): Svetlana Skoric-Jokic, Dragana Radovanovic.

South Africa: Charlotte Maxeke Johannesburg Academic Hospi-
tal (Johannesburg): Guy Richards, Ahmad Alli.

Spain: Complejo Hospitalario Universitario de Albacete (Al-
bacete): Maria del Carmen Cordoba Nielfa, Rafael Sanchez Iniesta;
Parc de Salut Mar (Barcelona): Adela Benitez-Cano Martinez, Car-
los Garcia Bernedo; Hospital Delfos (Barcelona): Santiago Alberto
Picos Gil; Vall d’Hebron University Hospital (Barcelona): Xavier Nu-
vials, Jordi Rello; Hospital Universitario de Basurto (Bilbao): Joseba
Gonzalez Garcia, Jose Manuel Garcia Pefia; Hospital General Uni-
versitario Santa Lucia (Cartagena): Roberto Jimenez, Luis Herrera;
Hospital General Universitari de Castell6 (Castell6): Laura Galarza
Barrachina, Ignacio Catalan Monzon; Hospital General Universitario
de Ciudad Real (Ciudad Real): Francisco Javier Redondo, Ruben Vil-
lazala; Hospital Costa de la Luz (Huelva): Diego Fernando Matal-
lana Zapata, Isabel Maria Villa Lopez; Hospital Universitari de Bel-
lvitge (LHospitalet de Llobregat): Gabriel Moreno-Gonzalez, Juan
Carlos Lopez-Delgado; Hospital Universitario de Canarias (La La-
guna): Jorge Solera Marin; Hospital Universitario Severo Ochoa (Lé-
ganes): Purificacion Sanchez-Zamora; Hospital Universitari Arnau
de Vilanova (Lleida): Montserrat Vallverdd Vidal;, Hospital Quirén
Campo de Gibraltar (Cadiz): Jests Flores Gonzélez; Hospital Uni-
versitarion del Henares (Madrid): Irene Salinas, Cecilia Hermosa;
Hospital Universitario La Paz (Madrid): Emilio Maseda; Hospi-
tal Clinico San Carlos (Madrid): Fernando Martinez-Sagasti, Sara
Domingo-Marin; Central de la Defensa Gomez Ulla (Madrid): Jo-
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hanna Abril Victorino; Hospital 12 de Octubre (Madrid): Raquel
Garcia-Alvarez, Pablo Lopez-Arcas Calleja; Hospital Universitario de
Malaga (Malaga): Maria-Victoria de la Torre-Prados; CHU Ourense
(Ourense): Pablo Vidal-Cortes, Lorena del Rio-Carbajo; Complejo
Hospitalario de Navarra (Pamplona): Javier Izura, Victoria Minguez;
Hospital Universitari Mutua Terrassa (Terrassa): Josep Trenado
Alvarez, Anna Parera Prous; Complejo Hospitalario de Toledo
(Toledo): Daniel Paz; Hospital Verge de la Cinta (Tortosa): Ferran
Roche-Campo; Hospital Clinico Universitario de Valencia (Valen-
cia): Gerardo Aguilar, Javier Belda; Rio Hortega University Hospital
(Valladolid): Jesus Rico-Feijoo, Cesat Aldecoa; Hospital Clinico Uni-
versitario Lozano Blesa (Zaragoza): Begofla Zalba-Etayo.

Switzerland: Kantonsspital Frauenfeld (Frauenfeld):
Lang; Alexander Dullenkopf.

Thailand: Faculty of Medicine Vajira Hospital, Navamindrad-
hiraj University (Bangkok): Konlawij Trongtrakul; Anusang Cht-
somkasem.

Turkey: Diizce University Hospital (Duzce): Tiirkay Akbas;
Ankara University School of Medicine (Ankara): Mustafa Necmet-
tin Unal, Menekse Ozcelik; Akdeniz University Medical School (An-
talya): Ayca Gumus, Atilla Ramazanoglu; Trakya University Medical
Faculty (Edirne): Dilek Memis, Inal Mehmet; Istanbul University-
Cerrahpasa, Cerrahpasa Medical School (Istanbul): Yalim Dikmen,
Seval Urkmez; Haydarpasa Numune Training and Research Hos-
pital (Istanbul): Asu Ozgultekin; Istanbul University Cerrahpasa
Medical School Hospital (Istanbul): Oktay Demirkiran; Medipol
Mega Hospitals Complex (Istanbul): Nesrin Ahu Aslan, Deniz
Kizilaslan; Uludag University, School of Medicine (Niliifer/Bursa):
Ferda Kahveci, Nurdan Unlii; Elazig Training & Research Hospital
(Elazig): Zeynep Ozkan.

UK: Aberdeen Royal Infirmary (Aberdeen): Callum Kaye, Jan
Jansen; Antrim Area Hospital (Antrim): Orla O'Neill, Christopher
Nutt; Barnet General Hospital, RFL NHS FT (Barnet): Rajeev Jha,
Nicolas Hooker; Basingsoke & North Hampshire Hospital (Bas-
ingstoke): Irina Grecu, Christina Petridou; Royal Victoria Hospi-
tal (Belfast): Murali Shyamsundar, Lia McNamee; Ulster Hospi-
tal (Belfast): John Trinder, Samantha Hagan; Belfast City Hospital
(Belfast): Catriona Kelly, Jonathon Silversides; Brighton and Sus-
sex University Hospitals (Brighton): Casiano Barrera Groba, Owen
Boyd; West Suffolk Hospital NHS Foundation Trust (Bury St Ed-
munds): Kaushik Bhowmick, Sally Humphreys; Cambridge Univer-
sity Hospitals NHS Foundation Trust and University of Cambridge
(Cambridge): Charlotte Summers, Petra Polgarova; Western Sussex
NHS Foundation Trust, St Richard’s Hospital (Chichester, West Sus-
sex): Michael Margarson, Justin Dickens; Colchester General Hospi-
tal (Colchester): Suzanne Pearson, Elaine Chinery; Altnagelvin Hos-
pital (Derry): Noel Hemmings, Sinead O’Kane; Ninewells Hospi-
tal (Dundee): Pauline Austin, Stephen Cole; Medway NHS Founda-
tion Trust (Gillingham): Catherine Plowright, Roberta Box; Queen
Elizabeth University Hospital (Glasgow): Christopher Wright, Lorna
Young; Royal Surrey County Hospital (Guildford): Ben Creagh-
Brown, Laura Montague; Aintree University Hospital (Liverpool):
Robert Parker; Ben Morton; Guy’s and St Thomas Hospitals
(London): Marlies Ostermann, Julia Bilinska; University Hospi-
tal Lewisham (London): Bernd Oliver Rose, Rosie Reece-Anthony;
St Georges University Hospitals NHS Foundation Trust (London):
Christine Ryan, Mark Hamilton; King’s College Hospital (London):
Philip Hopkins, Julia Wendon; Luton and Dunstable Hospital (Lu-
ton): Giovanni Brescia, Nazia Ijaz; Maidstone and Tunbridge Wells
NHS Trust Hospital (Maidstone): James Wood, Michelle George;
Prince Charles Hospital (Merthyr Tydfil): Piroska Toth-Tarsoly;
Northumbria Specialist Emergency Care Hospital (Newcastle Upon
Tyne): Bryan Yates, Maureen Armstrong; Royal Victoria Infirmary
(Newcastle Upon Tyne): Carmen Scott, Christine Boyd; Royal Gwent
Hospital (Newport): Tamas Szakmany, David Rees; Kings Mill Hos-
pital (Nottingham): Paul Pulak, Mandy Coggon; Royal Oldham Hos-
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pital (Oldham): Bhaskar Saha, Linda Kent; Royal Glamorgan Hos-
pital (Pontyclun): Bethan Gibson; Poole Hospital NHS FT (Poole):
Julie Camsooksai, Henrik Reschreiter; East Surrey Hospital (Red-
hill): Pat Morgan, Sivatharshini Sangaralingham; Conquest Hospi-
tal (St Leonards-on-sea): Alastair Lowe, Petr Vondras; Lister Hospi-
tal (Stevenage): Sunil Jamadarkhana, Carina Cruz; University Hos-
pital of North Tees (Stockton-on-Tees): Rakesh Bhandary; Sun-
derland Royal Hospital (Sunderland): Peter Hersey, Julie Furneval;
Musgrove Park Hospital (Taunton): Richard Innes, Patricia Doble;
Warwick Hospital (Warwick): Ben Attwood, Penny Parsons; Wat-
ford General Hospital (Watford): Valerie Page, Xiaobei Zhao; Royal
Hampshire County Hospital (Winchester): Irina Grecu, Julian Dal-
ton.

United Arab Emirates: Sheikh Khalifa Medical City (Abu Dhabi):
Mohammed Hegazy, Yasser Awad.

USA: Cleveland Clinic (Cleveland): Douglas Naylor, Amanda
Naylor; Detroit Medical Center (Detroit): Sarah Lee; University of
South Alabama Medical Center (Mobile, AL): Sidney Brevard, Noelle
Davis.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.jjantimicag.2022.
106591.
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