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Abstract

OBJECTIVES—To systematically review the current literature on mortality and functional 

outcomes after emergency major abdominal surgery in older adults.

DESIGN—Systematic literature search and standardized data collection of primary research 

publications from January 1994 through December 2013 on mortality or functional outcome in 

adults aged 65 and older after emergency major abdominal surgery using PubMed, EMBASE, 

Web of Science, Cochrane, and CINAHL. Bibliographies of relevant reports were also hand-

searched to identify all potentially eligible studies.

SETTING—Systematic review of retrospective and cohort studies using Preferred Reporting 

Items for Systematic reviews and Meta-Analyses, Meta-analysis Of Observational Studies in 

Epidemiology, Strengthening the Reporting of Observational Studies in Epidemiology, and A 

Measurement Tool to Assess Systematic Reviews guidelines.
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PARTICIPANTS—Older adults.

MEASUREMENTS—Articles were assessed using a standardized quality scoring system based 

on study design, measurement of exposures, measurement of outcomes, and control for 

confounding.

RESULTS—Of 1,459 articles screened, 93 underwent full-text review, and 20 were 

systematically reviewed. In-hospital and 30-day mortality of all older adults exceeded 15% in 14 

of 16 studies, where reported. Older adults undergoing emergency major abdominal surgery 

consistently had higher mortality across study settings and procedure types than younger 

individuals undergoing emergency procedures and older adults undergoing elective procedures. In 

studies that stratified older adults, odds of death increased with age. None of these studies 

examined postoperative functional status, which precluded including functional outcomes in this 

review. Differences in exposures, outcomes, and data presented in the studies did not allow for 

quantification of association using metaanalysis.

CONCLUSION—Age independently predicts mortality after emergency major abdominal 

surgery. Data on changes in functional status of older adults who undergo these procedures are 

lacking.
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Because the proportion of emergency, rather than elective, procedures increases with age,1,2 

demographic shifts will increase the demand for emergency major abdominal procedures 

among older adults in the coming decades.3,4 Moreover, almost 20% of older adults undergo 

an inpatient surgical procedure in the last month of life, and many in the last week of life, 

indicating the important role of surgery in end-of-life care. Nevertheless, significant 

variation according to age and geographic region suggests substantial complexity and 

provider discretion regarding decisions for surgical interventions in older aduts.5 Decisions 

for emergency surgery in older adults can be particularly challenging for a number of 

reasons. First, people in critical condition are often unable to participate in preoperative 

conversations and must rely on surrogate decision-makers. Second, the surgical problem is 

usually unanticipated, and therefore people are unlikely to have indicated their treatment 

preferences for this specific clinical situation. Third, decisions are rushed by necessity, and 

the individuals are often unfamiliar to the surgical team. Finally, the lack of information on 

postoperative prognosis and functional outcomes in older adults further hampers informed 

decision-making. A better understanding of these outcomes would benefit patients, 

surrogates, and clinicians in setting appropriate expectations before surgery and optimizing 

perioperative management.

To address this knowledge gap, a systematic review of the English language literature was 

conducted to determine mortality and functional outcomes after emergency major abdominal 

surgery in older adults.
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METHODS

The study design, search strategy, and study quality assessment rubric were designed based 

on recommendations of the Preferred Reporting Items for Systematic reviews and Meta-

analyses (PRISMA) statement,6 Meta-analysis of Observational Studies in Epidemiology 

(MOOSE) guidelines,7 the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) statement,8 and the Assessment of Multiple Systematic Reviews 

(AMSTAR) tool.9 Before this search was initiated, the population of interest was defined as 

individuals aged 65 and older undergoing emergency major abdominal procedures. The 

primary outcome of interest was mortality after surgery. The secondary outcome was 

functional status after surgery.

Data Sources and Search Strategy

After devising a search strategy in consultation with a medical librarian, PubMed, Embase, 

Web of Science, the Cochrane Database, and CINAHL were searched between April 8 and 

April 15, 2014, for English-language original research published in peer-reviewed journals 

between January 1, 1994, and December 31, 2013. The search used subject descriptors and 

free-text words related to emergency abdominal surgery, surgical outcomes including 

functional status, and mortality in adults aged 65 and older. To avoid studies focused on 

nonabdominal surgery the search terms cardiac, thoracic, vascular, hip, orthopedic, breast, 

lung, extremities, head and neck, and trauma were excluded. The full search strategy for 

each of the five databases is included in Appendix S1. This search was supplemented by 

hand-searching the bibliographies of the final full-text articles to identify potentially relevant 

studies. End Note X7 (Thomson Reuters, New York, NY) was used to organize references 

and full-text documents.

Inclusion Criteria

Studies that met the following five criteria were included in full-text review: included 

emergency procedures (operations after nonelective admissions or that the surgeon 

considered to be an emergency; primarily described any combination of abdominal 

procedures performed on the stomach, small intestine, large intestine, spleen, pancreas, or 

hepatobiliary tract; included individuals aged 65 and older; reported mortality or functional 

status after emergency procedures in older adults as a primary outcome; and compared 

mortality or functional outcomes in older adults undergoing emergency surgery to older 

adults undergoing elective surgery.

To improve comparability of findings, studies in which laparoscopic procedures, 

appendectomy, esophageal, or genitourinary procedures accounted for more than 25% of the 

study sample and studies that included any breast, lung, extremities, head and neck, or 

trauma procedures were excluded. Studies in which the full text was not in English; studies 

that presented previously analyzed published data; and editorials, abstracts, conference 

proceedings, case reports, case series (n < 50), and previous reviews were also excluded 

(Figure 1).
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Study Selection, Data Extraction, and Data Synthesis

Two researchers (ZC, JWS) reviewed titles and abstracts resulting from the initial database 

searches to identify those eligible for full-text review. Articles that could not be clearly 

excluded were discussed between reviewers, and inclusion was determined through 

consensus. Articles selected for full-text review were subject to quality review (ZC, JWS) 

based on a quality assessment tool (Table 1).

Quality Assessment Tool

Before the search was initiated, a quality assessment tool was designed to assess the data 

quality and risk of bias of each study (Table 1). Development of the quality assessment tool 

was based on established guidelines on reporting of results in observational studies and 

systematic reviews,6–9 but no prior quality assessment criteria for nonrandomized studies 

accounted for the degree of heterogeneity of eligible studies. Thus, in the absence of a 

widely accepted quality assessment scale,10 a previously developed approach11 was used to 

develop criteria for the studies that met the a priori eligibility criteria (Table 1). The 

following four main quality categories were considered (corresponding to six grading 

elements): sample size; exposure and inclusion criteria (elderly adults stratified according to 

age and a nonelderly control group); reporting of outcomes of interest (mortality and 

functional status); and method of controlling for confounding (control groups and type of 

statistical analysis). Studies were considered to have good evidence quality if they achieved 

scores of good in three categories and at least fair quality in the fourth. Poor-quality studies 

failed to achieve a score of fair in all categories. The remaining studies were classified as 

having overall fair evidence quality. Only studies considered of good quality are included in 

this review; excluded studies are listed in Appendix S2. Because of the wide heterogeneity 

in defining the elderly or aged population, ages of the comparison groups, range of operative 

procedures, inconsistent definitions of emergency status, and variations in outcome reporting 

(Table 2), a quantitative meta-analysis was not possible.12 Thus a descriptive synthesis of the 

outcomes of interest in eligible studies was performed.

Study Variables

From each study, the approach used to describe mortality and functional outcomes in older 

adults and the incidence or odds ratios for each outcome for the older age groups undergoing 

emergency surgery were abstracted. Outcomes of individuals younger than 65 undergoing 

emergency surgery were descriptively compared with those of older adults undergoing 

nonemergency procedures. Finally, whether each study identified individual, operative, or 

hospital factors associated with the outcomes of interest was determined.

For the final set of studies, the following specific characteristics of older adults undergoing 

emergency major abdominal surgery were described: setting; design (e.g., prospective, 

retrospective) and years of data collection; types of surgical procedures; how the age 

variable was defined (cutoff age, continuous or stratified); number of older adults 

undergoing emergency surgery included in the study; main outcome and duration of follow 

up (e.g., in-hospital, 30-day, 1-year); mortality; difference in mortality from younger 

individuals undergoing emergency surgery; difference in mortality from older adults 

undergoing nonemergency surgery; factors significantly associated with worse survival; 
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postoperative functional outcomes; and other reported outcomes (complications, hospital 

length of stay).

RESULTS

Search Results

The initial search of five databases found 1,145 unique articles. After excluding studies from 

the database search and including studies identified using manual review of references, the 

92 studies eligible for full-text review underwent quality ranking (Figure 1). After quality 

assessment, 20 articles met criteria for good overall study quality and were thus included in 

the final selection for review (Appendix S3).

Study Characteristics

Ten countries are represented in this selection, with the most articles representing 

individuals from the United States (n = 7)13–19 and the United Kingdom (n = 3).20–22 Data 

sources included individual acute care hospitals (n = 5),13,23–26 small groups of acute care 

hospitals (n = 2),27,28 a statewide cancer registry (n = 1),14 national cancer registries (n = 

3),29–31 national hospital databases (n = 4),20,21,32 and the American College of Surgeon’s 

National Surgical Quality Improvement Program database (n = 5).15–19 Regarding study 

design, two were prospective,29,32 one study used retrospective and prospective data,24 and 

the remaining studies were retrospective reviews.

Of the 20 studies, 14 included only individuals who underwent urgent or emergency surgery, 

whereas six included elective and urgent or emergency operations.14,23,25,29,31,32 Definitions 

of emergency procedures included standardized definitions from prospectively collected 

databases (n = 7);15–19,22,30 procedures occurring after nonelective hospital admissions (n = 

5);13,14,20,21,24 procedures occurring in the first 12, 24, or 72 hours after an unplanned 

admission (n = 2);26,32 procedures for emergency pathology (n = 2);27,28 procedures defined 

as emergency by the surgeon (n = 1);31 and three studies that provided no specific definition 

for emergency procedures.23,25,29

The types of surgeries also differed between studies. Thirteen included only major colon 

surgeries,13,14,16,18–21,25–27,29–31 two included only laparotomies,15,22 one included 

surgeries only for perforated peptic ulcers,28 and the remaining five studies included some 

variation of major abdominal surgery on the upper digestive tract (n = 4),15,17,23,32 small 

bowel (n = 4),15,17,24,32 biliary tract (n = 4),17,23,24,32 pancreas (n = 2),15,32 abdominal wall 

hernias (n = 1),17 and large bowel (n = 5)15,17,23,32 and exploratory laparotomies (n = 

5).15,17,22–24

Eight of the studies reviewed included only older adults, which was defined according to 

numerous age cutoffs, including 80 and older (n = 5),14,16,18,23,29 70 and older (n = 

7),20–22,24,25,28,31 65 and older (n = 6),13,17,19,26,27,32 and 60 and older (n = 2).15,30 The 

sample size of the older adults undergoing emergency procedures ranged from 87 to 

42,047.20,27
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Functional Outcome

None of the studies included in this review reported on postoperative functional status; thus, 

the effect of emergency major abdominal operations on the functional status of older adults 

could not be assessed.

Mortality

Five studies13,14,24,25,29 reported in-hospital mortality, and 15 reported 30-day mortality as 

their primary outcome. Three studies also reported 1-year mortality,14,20,21 and one reported 

mortality through 31.5 months of followup.23

There was wide variation across studies in reported mortality in older adults. Table 3 shows 

the reported mortality in older adults undergoing emergency major abdominal surgery, 

younger individuals emergency surgery, and older adults undergoing nonemergency surgery. 

For example, for emergency colonic operations, in-hospital mortality ranged from 15% of 

individuals aged 65 and older at a single institution in the United States13 to 42% of 

individuals aged 90 and older at another in Spain.25 Reported 30-day mortality ranged from 

6% of individuals aged 65 to 79 at one Spanish hospital26 to 48% of nonagenarians in a 

national colon cancer database in Denmark.30 Finally, 1-year mortality measured in 

individuals undergoing emergency colectomy in England ranged from 35% of those aged 70 

to 75 to 51% of those aged 80 and older.21 Despite such variation, there were stable trends 

across studies. First, in each of eight studies that reported mortality after emergency major 

abdominal surgery, mortality increased with age.19,21,22,24–27,30 Second, older adults 

uniformly had higher odds of death after emergency surgery than individuals younger than 

65.15,16,18–20,27,28,30,31

Both studies that compared mortality in older adults undergoing elective surgery with older 

adults undergoing emergency surgery found that emergency status independently predicted 

mortality.14,32 A retrospective study of individuals in a statewide registry undergoing 

resections for colon cancer found that the odds of in-hospital (odds ratio (OR) = 1.52, 95% 

confidence interval (CI) = 1.33–1.73) and 1-year (OR = 1.39, 95% CI = 1.27–1.53) mortality 

were higher for emergency patients.14 Similarly, another study found that odds of death were 

more than three times as high after emergency major digestive tract surgery (OR = 3.4, 95% 

CI = 1.67–6.99).32 Three additional studies did not report ORs for association between 

emergency surgery and mortality, but instead presented mortality rates of the emergency and 

elective cohorts.25,29,31 In all cases, the elective cohort had lower mortality (6%, 8%, and 

6%) than their emergency counterparts (29%, 22%, and 21%, respectively).

Studies also differed in which individual characteristics, operative details, and postoperative 

complications were analyzed, although the following factors were significantly associated 

with worse survival in older adults undergoing emergency surgery in multiple studies: renal 

dysfunction (variably defined as acute kidney injury16,19,21 or chronic renal insufficiency 

requiring dialysis13,16,19,21), higher American Society of Anesthesiologist (ASA) Physical 

Status Classification System,21,23,31 presence of malignancy,16,21 preoperative shock,16,19 

longer time from onset of symptoms to surgery,13,24 and use of preoperative 

corticosteroids.16,19 Three studies reported that certain surgical indications or types of 
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surgery were associated with greater odds of death. A single-center study of older adults 

undergoing emergency surgery for an acute abdomen24 reported that mesenteric infarction, 

nontherapeutic laparotomy, and intestinal bypass with defunctionalized stoma were 

associated with greater mortality, whereas two retrospective reviews of national 

databases21,31 found that individuals undergoing subtotal colectomy had greater odds of 

death than those undergoing other types of colon resections.

Other Outcomes

In all studies reporting postoperative complications in older adults undergoing emergency 

procedures,13,17, 19–21,24,26,29,31 older adults had higher complication rates than younger 

individuals. For example, one study24 reported complications in 37% of individuals aged 80 

and older, versus 25% of individuals aged 70 to 79; another study29 reported complications 

in 50% of individuals aged 80 and older, versus 34% in individuals younger than 80; and a 

third study20 reported greater odds of postoperative complications in individuals aged 80 and 

older than in those younger than 55 (OR = 1.3, 95% CI = 1.3–1.3). Also, older adults 

undergoing emergency procedures had higher complication rates than older adults 

undergoing elective procedures, with complications reported in 50% of individuals 

undergoing emergency surgery, versus 32% of those undergoing an elective procedure29 and 

in 33% of individuals undergoing emergency surgery, versus 20% of those undergoing an 

elective procedure.31 When reported, the most-common complications were pneumonia (10–

25%),13,19 cardiac complications (2–20%),13,19,21,24 wound infection (6–16%),19,24 

postoperative sepsis (6–13%),19,24 and respiratory insufficiency (unplanned reintubation, 

prolonged mechanical ventilation,19 nonspecified respiratory insufficiency) (8–19%).13,24

Hospital length of stay (LOS) was reported in seven studies.13,16,17,19–21,24 The reported 

median LOS of older adults ranged from 8 to 16 days,17,21,24 and the reported mean LOS 

was 12.6 to 26.9 days.13,16,19

Although none of the studies reviewed measured changes in functional status as a 

postoperative outcome, six of the 20 studies provided some measure of preoperative 

functional status.13,15–19 Reported proportions of older adults undergoing emergency 

surgery with nonindependent preoperative functional status ranged from 6.3% to 32.8%.15,19 

In three of these studies, dependent preoperative functional status was not significantly 

associated with postoperative outcome,13,17,19 whereas in three others with much larger 

sample sizes, preoperative functional status was associated with greater than twice the odds 

of postoperative mortality.15,16,18 One study found that the magnitude of the relationship 

between dependent functional status and higher probability of death increased with age.15 

Quality of life is another important outcome for older adults after major surgery, but it was 

not reported in any of the studies reviewed.

DISCUSSION

This review revealed considerable variability in studies about emergency major abdominal 

procedures in older adults, because of differences in how “older” is defined, which 

procedures are included, and how outcomes are measured. This systematic review of 20 

studies synthesized these data to reveal high mortality in older adults of all ages across a 
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variety of settings and a range of major abdominal procedures. Although the majority of 

older adults survived emergency surgery, the risk of in-hospital and 30-day mortality in 

individuals aged 80 and older is nearly 25% and approaches 50% in nonagenarians. It was 

also found that older adults uniformly had greater odds of death after emergency surgery 

than younger individuals,15,16,18–20,27,28,30,31 that mortality after emergency major 

abdominal surgery increased with older age in individuals aged 65 and older,19,21,22,24–27,30 

and that emergency surgery was an independent risk factor for higher postoperative 

mortality in older adults. Understanding the magnitude of the excess mortality associated 

with emergency operations in older adults can help set expectations before surgery and guide 

perioperative decisions of older adults, families, and clinicians.

The nature of acute surgical conditions usually makes it prohibitive to optimize individuals 

before an emergency operation. Not surprisingly, comorbidities such as renal failure, 

physiological distress such as sepsis or shock, high ASA class, and immunosuppression 

were frequently associated with significantly greater mortality in older adults undergoing 

emergency surgery. Considering that emergency status alone predicts greater odds of death 

in older adults,32 these findings may suggest that deferring elective surgery in older adults 

with subacute surgical conditions that may ultimately present emergently (e.g., a hernia 

causing a small bowel obstruction or cholelithiasis that causes acute cholecystitis) may not 

ultimately benefit the individual. Rather, superior outcomes may be achieved in an elective 

setting, where preoperative physiology can be optimized or individuals can be prehabilitated. 

Even in the hospital setting, surgeons who are inclined to defer offering surgery as an option 

for high-risk older adults until they demonstrate clear signs of physiological deterioration 

may also reconsider that approach based on this body of evidence.

This review also identifies potentially modifiable risk factors that could be targeted to reduce 

mortality in this group. For example, pulmonary complications were the most frequent 

complications in older adults undergoing emergency surgery. Poor dentition, hospital-

acquired delirium, and dysphagia commonly seen in older hospitalized individuals are 

associated with aspiration, which can lead to pneumonia and respiratory insufficiency.33,34 

Efforts to develop clinical pathways to target these conditions have been successful in other 

individuals undergoing surgery and should implemented in this group as well.35,36 

Increasing collaboration between geriatricians and surgeons, through comanagement or 

triggered consultation, has successfully reduced rates of postoperative complications and 

hospital LOS and improved long-term functional status in other surgical populations.37–39 

Older adults undergoing emergency major abdominal surgery are another potential target for 

such interventions. Regardless of involvement by geriatricians, surgeons must become expert 

in caring for older adults, who now account for a growing proportion of individuals 

undergoing surgery.

It was surprising to find such a paucity of data on postoperative functional outcomes in older 

adults undergoing emergency surgery. Older adults experiencing a trauma can be expected to 

lose the ability to perform one activity of daily living in the first year after injury,40 and it 

would be extremely beneficial to understand whether older adults with other acute surgical 

emergencies fare similarly. Declines in functional status are associated with greater mortality 

and rates of institutionalization and hospital admission and poorer quality of life. Studies 
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have shown that more than half of older adults who undergo emergency surgery were 

discharged to post-acute care facilities,2,13 highlighting the particular relevance of 

postoperative function and recovery in this population.

This study has a number of limitations. First, studies published over the past 20 years, a time 

during which there have been advances in surgical and intensive care that could have 

reduced mortality, were included, although results were fairly consistent over time. Second, 

excluding unpublished studies and reports may have omitted data reflecting even higher 

mortality, although this is unlikely to have had a major effect on the findings because 

unpublished studies are often of lower methodological quality and have smaller sample 

sizes, so they may not have met the quality criteria for final inclusion.41 Third, participants 

in these studies underwent a variety of procedures for a variety of surgical indications, and 

thus, findings from this review cannot necessarily be used to inform outcomes after a 

specific procedure. Despite such clinical heterogeneity, the major findings were consistent 

across studies and are relevant to perioperative decision-making for older adults undergoing 

emergency major abdominal procedures. A paucity of studies reporting long-term mortality 

or functional outcome limits this review. Only three of the 20 eligible studies examined 

mortality beyond 30 days. All three were restricted to individuals undergoing colectomy, and 

two used the same national database.19,20 Further research is needed to fill these major gaps 

in the literature about older adults undergoing surgery.

Despite the limitations of the current literature, this review can be useful for clinicians, 

individuals, and families making the difficult decision to undergo an emergency major 

abdominal operation. The data are consistent across studies in showing that these procedures 

are highly morbid and portend a high risk of in-hospital and 30-day death in older adults. In 

all cases, but especially in individuals with serious illness and poor physiological reserve, 

having conversations to identify the goals of treatment, to clarify expectations for recovery, 

and to assess the individual’s tolerance for the burdens of surgery are important first steps in 

delivering the best surgical care to older adults in need of emergency major abdominal 

procedures.
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Figure 1. 
Study screening process. CINAHL =cumulative index for nursing and allied health literature
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Table 1

Quality-of-Evidence Rubric

Category Good Fair Poor

Sample size of older adults undergoing 
emergency major abdominal surgery

>100 99−50 <50

Exposure and inclusion: age group Control versus ≥2 older groups Binary (older vs control)a No specific older group

Outcomes

 Mortality ≥30 days In-hospital Undetermined

 Functional status Pre- and postoperative measures Postoperative measures None

Control for confounding

 Control groups Age and urgency control groups Age or urgency control groups Neither age nor urgency 
control groups

 Statistical analysis Multivariate analysis Stratified results or univariate 
analysis

None

a
Includes studies in which inclusion criteria restricted sample to older adults.
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Table 2

Clinical Heterogeneity of Studies in Review

Characteristic n (%)

Definition of “elderly”

 60   1 (5)

 61   1 (5)

 65   6 (30)

 70   7 (35)

 80   5 (25)

Number of age groups defined as “elderly”

 1   5 (25)

 2   9 (45)

 3   3 (15)

 4   2 (10)

 6   1 (5)

Procedure type

 Major abdominal procedurea   5 (25)

 Colon, malignant   5 (25)

 Colon, mixed benign and malignantb   5 (25)

 Colon, benign   3 (15)

 Perforated peptic ulcer   1 (5)

 Diagnosis of acute abdomen   1 (5)

 Included elective cases for comparison   6 (30)

Method for defining “emergency” cases

 Standardized database definitions   7 (35)

 After nonelective admission   5 (25)

 Within 12, 24, or 72 hours of admission   2 (10)

 Defined by disease process   2 (10)

 Defined emergence by surgeon   1 (5)

 No specific definition provided   3 (15)

 Included younger individuals for comparison 12 (60)

Age range of “younger” comparison participantsc

 16–39   1 (8)

 16–64   1 (8)

 17–69   1 (8)

 18–50   1 (8)

 18–55   1 (8)

 18–69   1 (8)

 18–79   1 (8)
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Characteristic n (%)

 20–64   1 (8)

 23–69   1 (8)

 <70d   1 (8)

 <80d   1 (8)

 65–79e   1 (8)

Mortality measuref

 In-patient   5 (25)

 30-day 15 (75)

 1-year   3 (15)

 >1-year   1 (1)

a
Including exploratory laparotomy.

b
Proportion of malignant cases ranged from 18% to 54%.

c
n = 12.

d
Lower age bound not defined.

e
Older comparison group age >79.

f
Because each study may have had more than one mortality measure, these proportions add up to more than 100%.
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