
s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
7
8
9
2
/
b
o
r
i
s
.
1
2
2
1
7
8
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
2
7
.
4
.
2
0
2
4

1 
 

Outcomes of Emergency Abdominal Surgery in Octogenarians:  

 A single-center analysis 

 

Joël L. Lavanchya, Melanie M. Holzganga, Tobias Haltmeiera, Daniel Candinasa, Beat 

Schnürigera 

a Department of Visceral Surgery and Medicine, Inselspital, Bern University Hospital, 

University of Bern, Switzerland 

 

DOI: https://doi.org/10.1016/j.amjsurg.2018.11.023 

Correspondence to: 

Beat Schnüriger, MD 

Department of Visceral Surgery and Medicine 

Inselspital, Bern University Hospital 

3010 Bern, Switzerland 

beat.schnuriger@gmail.com 

+41 (0)31 632 74 26 

 

Presented at the Annual Swiss Trauma and Acute Care Surgery Day, March 16-17 

2018, Bern, Switzerland, at the European Congress for Trauma & Emergency Surgery, 

May 6-8 2018, Valencia, Spain and at the Annual Meeting of the Swiss Society of 

Surgery, May 16-18 2018, Basel, Switzerland  

https://doi.org/10.1016/j.amjsurg.2018.11.023
mailto:beat.schnuriger@gmail.com


2 
 

Short summary 

Octogenarians undergoing emergency abdominal surgery had a mortality rate of 16.4%. 

Mortality was independently predicted by age, ASA score≥4, mesenteric ischemia and 

ICU admission. Therefore, the indication for emergency abdominal surgery should be 

assessed cautiously, including patients’ and relatives’ wishes, surgeons, intensivists, 

anesthesiologists, and nursing staff. 
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Abbreviations 

ASA: American society of Anesthesiologists 

BMI: body mass index 

CCI: Charlson Comorbidity Index 

EAS: emergency abdominal surgery 

HLOS: hospital length of stay 

ICU intensive care unit 

ICU LOS: intensive care unit length of stay 
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Introduction 

As life expectancy is increasing worldwide, societies are challenged to adapt health care 

systems to the aging population.1 There is an ongoing discussion whether the evolution 

of medicine and health technology will be able to compensate for the increasing age-

related burden of disease.2 Adding to the problem, increasing life expectancy actually is 

one of the main drivers for increasing health care expenditures.3 Therefore the 

effectiveness of medical treatments in patients with extensive treatment needs, such as 

surgery in the elderly,4 is of utmost importance for a fair allocation of resources.  

In a large retrospective cohort study including 1.8 million individuals, over 18% of patients 

underwent surgery in the last month of their life.5 Among other factors, higher age has 

been shown to be associated with deficits in surgical decision making.6 Multidimensional 

patient-centred approaches7 and best communication practices8, 9 have been discussed 

to facilitate decision making in elderly patients with surgical emergencies. Recent studies 

investigated outcomes of patients >80 years of age undergoing cardiovascular or 

neurosurgical interventions.10-12 However, literature on outcomes of octogenarians 

undergoing emergency abdominal surgery (EAS) is scarce.13 Therefore, this study opted 

to assess the overall and early in-hospital mortality rate, loss of independence, and factors 

associated with these outcomes in octogenarians undergoing EAS. 
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Material and methods 

This study is reported in accordance with the STROBE (Strengthening the Reporting of 

Observational studies in Epidemiology) statement14 and was approved by the cantonal 

ethics committee of Bern, Switzerland (KEK 2017-01284). 

 

Study design 

This is a single centre retrospective observational study including patients ≥80 years of 

age that underwent non-trauma emergency abdominal surgery at the Bern University 

Hospital from 01/12/2011 to 31/12/2016. Patients with malignant disease and those who 

underwent non-operative treatment for acute abdominal disease were excluded (Figure 

1). 

Irrespective of age, the treating surgical team assessed all patients that potentially require 

EAS. The goals of care were discussed with the patients and their relatives. Non-curative 

treatment was initiated only if the patients specifically expressed their wish for palliative 

care. 

Data were extracted from the Bern University Hospital administrative database and 

electronic patient charts. The following variables were collected: age, sex, body mass 

index (BMI), vital signs and laboratory values at admission, American Society of 

Anesthesiologists (ASA) score,15 Charlson Comorbidity Index (CCI),16 diagnoses, type of 

surgery (open, laparoscopic), intensive care unit length of stay (ICU LOS), hospital length 

of stay (HLOS), nursing effort (hours of nursing per hospital day), complications according 
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to Dindo Clavien classification,17 origin of admittance/discharge (home, nursing facility, 

other hospital), and in-hospital mortality.  

The main outcome was overall in-hospital mortality. Secondary outcomes included early 

mortality and loss of independence. Early mortality was defined as death ≤7 days from 

surgery. Loss of independence was defined as being admitted from home and being 

discharged to a nursing facility or other hospital. 

The association of clinically important variables, including patient and treatment 

characteristics, on outcomes was assessed in univariable and multivariable regression 

analysis. 

 

Statistical analysis 

Normality of distribution was assessed using histograms and the Shapiro-Wilk test. 

Results were reported as numbers and percentages or medians and interquartile ranges, 

as appropriate. Categorical variables were compared using Chi-Square or Fisher`s exact 

test. Students’ t test or Mann-Whitney U test were used for analysis of continuous 

variables. 

The impact of clinical variables on in-hospital mortality and loss of independency was 

assessed in univariable analysis. Clinical variables with a p-value ≤0.1 in univariable 

analysis were then included in a multivariable regression model in order to assess 

independency. Subsequently, forward logistic regression was performed to create an 

independent predictive model for mortality and loss of independency, respectively. 

Mortality rates were shown as Kaplan Meier curves. P-values ≤0.05 were considered 
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statistically significant. Statistical analysis was performed using SPSS Statistics version 

25 (IBM Corporation, Armonk, New York).  
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Results 

Within the 61-months study period, 752 octogenarians with acute abdominal disease were 

screened. After the exclusion of patients treated non-operatively and those with malignant 

disease, a total of 140 octogenarians undergoing EAS were included in the analysis 

(Figure 1). 

Median age was 83.9 (IQR 81.9-87.2) years, 55.7% (n=78) were female, and the median 

BMI was 24.5 (17.1-45.7) kg/m2 (Table 1). An ASA score ≥4 was found in 40.7% (n=57) 

and 47.2 % (n=66) had a CCI ≥3. Patients were treated for cholecystitis (27.1%, n=38), 

small or large bowel obstruction (22.1%, n=31), hollow viscus perforation (16.4%, n=23), 

perforated diverticulitis (12.9%, n=18), mesenteric ischemia (10.0%, n=14), incarcerated 

hernia (9.3%, n=13), and appendicitis (2.1%, n=3). A total of 37 patients (26.4%) were 

operated laparoscopically, 73.6% underwent laparotomy (n=103). The postoperative ICU-

admission rate was 47.9%. Median HLOS and ICULOS was days 9.0 (6.0-15.8) and 2.0 

(1.0-4.0) days, respectively. A total of 39 octogenarians (27.9 %) revealed postoperative 

complications Dindo Clavien ≥ 3.  

 

Overall mortality 

Overall in-hospital mortality was 16.4% (n=23). Table 1 outlines the demographics and 

characteristics of the study population stratified by mortality. When comparing survivors 

and non-survivors, a statistically significant age difference (83.6 vs. 86.4 years, p=0.024) 

was found. Moreover, ASA scores ≥4 were significantly less frequent (32.5% vs. 82.6%, 

p<0.001) and the ICU admission rate was significantly lower (41.0% vs. 82.6%, p<0.001) 
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in survivors than in non-survivors. On the other hand, survivors were significantly more 

often admitted from home compared to non-survivors (64.1% vs. 34.8%, p=0.010). 

Regarding abdominal disease, acute cholecystitis was more frequent (32.5% vs. 0.0%, 

p=0.001) and mesenteric ischemia less frequent (3.4% vs. 43.5%, p<0.001) in survivors 

compared to non-survivors. Of note, survivors were more frequently operated 

laparoscopically compared to the non-survivors (29.9% vs. 8.7% p=0.039). Multivariable 

forward regression analysis revealed following independent predictors for overall 

mortality: age, ASA scores ≥4, mesenteric ischemia and ICU admission (Table 2). The 

logistic regression model fit the data well (Nagelkerkes’ R2=0.575) 

 

Early mortality 

Fourteen of 23 non-survivors died within 7 days and were defined as early mortalities. 

Ultimately, multi-organ failure (n=7, 50%), postoperative withdrawal of care (n=5, 36%), 

cardiac arrest (n=1, 7%), and respiratory insufficiency (n=1, 7%) led to the early deaths. 

The reasons for postoperative withdrawal of care were as following: patients’ will (n=2), 

relatives’ wishes (n=3). The demographics of this subgroup of patients are presented in 

Table 3. Figures 2 A-C are showing the Kaplan Meier survival curves stratified by the 

categorical independent predictors for mortality. Of note, Octogenarians with an ASA 

score ≥4 or with mesenteric ischemia showed earlier mortality (Figure 2 A and 2 B). 

 

Loss of independency 



10 
 

A total 76 of the 117 patients (54.3%) that survived their hospital stay were admitted from 

home. Of these, 29 patients (38.2%) were subsequently discharged to a nursing facility or 

another hospital and were defined as patients with loss of independency. Table 4 outlines 

the demographics and characteristics of the study population stratified by loss of 

independency. Patients with loss of independency showed significantly higher 

temperatures (37.2 vs. 36.8 °C, p=0.040) and respiratory frequencies (22 vs. 18, p=0.007) 

on admission, had a higher nursing intensity during their hospital stay (8.9 vs. 7.1 hours 

per day, p=0.002) and were significantly more often admitted to the ICU (48.3% vs. 23.9%, 

p=0.044) compared to patients without loss of independency. In multivariable logistic 

regression analysis the worst lactate level within 24 hours from admission was 

independently associated with a loss of independency (Nagelkerkes’ R2=0.322).  
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Discussion 

In the current study, a total of 140 octogenarians undergoing EAS were retrospectively 

assessed. The overall in-hospital mortality was 16.4%. Age, ASA scores ≥4, mesenteric 

ischemia and ICU admission were independently associated with mortality. Of those that 

survived and were admitted from home, loss of independency was seen in 38.2% of 

patients. The worst lactate level within 24 hours of admission was independently 

associated with a loss of independency. 

 

Overall Mortality 

The current population revealed a 16% mortality rate, which is in accordance with two 

currently available studies showing a 15 to 33% mortality rate in an emergency surgery 

population ≥80 years.18, 19 In the current study, acute mesenteric ischemia was identified 

as a strong independent predictor for mortality, whereas acute cholecystitis was 

associated with decreased mortality. This should be taken into account when therapeutic 

decisions are made in this age group. Furthermore, the severity of pathophysiological 

derangements as indicated by an ASA score ≥4 or postoperative ICU admission, was 

independently associated with significantly higher mortality. 

In the current study, ICU admission was an independent predictor for mortality. The 

pathophysiologic derangement should carefully be assessed before admitting a patient to 

the ICU. ICU admission may lead to overtreatment. Of note, a large trial including patients 

aged ≥75 years showed a significantly higher rate of ICU admission and consecutively 
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increased in-hospital mortality in the group of patients that were preoperatively 

systematically evaluated by intensivists.20 

Surprisingly, in the current series, the CCI did not predict mortality. This might be due to 

equally distributed co-morbidities in surviving and non-surviving octogenarians. Similarly, 

a previous study showed that comorbidities do not accurately predict mortality in 

octogenarians undergoing EAS. However, in this study detailed information on abdominal 

pathologies were not reported.19 

Age was independently associated with mortality. This underlines the fact that age 

persists to be a strong predictor for worse outcomes even in octogenarians. This is of 

particular relevance in the context of Switzerland’s high life expectancy, which is the 

second largest in the world.1 A similar observation has been made in a Finnish population, 

however, in patients aged ≥65 years.21 

Although not an independent predictor for mortality, preoperative independent living 

seems to influence outcomes of octogenarians undergoing EAS. In the current univariate 

analysis, octogenarians coming from home survived significantly more often. This has 

also been demonstrated in another study including patients aged ≥85 years, although this 

study analysed a mixed population of patients undergoing non-emergency and 

emergency abdominal surgery.22 Similarly, an increased mortality of patients ≥65 years of 

age undergoing emergent and non-emergent abdominal surgery has been demonstrated 

for nursing home residents compared to patients admitted from home.23 

 

Early mortality 
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Ten percent of octogenarians died within 7 days of surgery and were defined as early 

mortalities. This subgroup of patients was separately analysed in order to investigate 

ethically questionable surgical interventions. When further investigating the ultimate 

reasons for the mortalities, it was found that over a third of early mortalities or a fifth of 

overall deaths were due to withdrawal of care. This observation emphasizes the 

importance to elaborate an interdisciplinary treatment plan in accordance with the 

patients’ will and relatives’ wishes before surgery is performed. Here a clear 

communication containing the actual diagnosis, the pre-existing health conditions, and the 

risks and benefits of surgery is required to avoid unrealistic expectations by patients and 

families.8 There are different frailty scores available, that possibly help to further improve 

decision making, however, they need to be carefully validated in this subgroup of very old 

patients.24-26 

 

Loss of independency 

To our knowledge, this is the first study assessing the predictors for loss of independency 

of octogenarians underdoing EAS. In this study, the highest lactate level within 24 hours 

after admission was independently associated with loss of independency. Lactate level is 

a known predictor for mortality in EAS of elderly patients aged over 70 years27 and a well-

known surrogate marker for the severity of sepsis.28 However, it has never been shown 

as a predictor for loss of independency. In the current study, higher lactate levels as a 

predictor for loss of independency rather reflect the overall severity of disease than a direct 

effect of lactate on the loss of independency. 
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Limitations 

Major limitation of this study is its retrospective design. Therefore, the dataset is limited to 

the variables available from the institutional electronic charts. In the literature there are 

multiple specific frailty indices described, however, in clinical practice these need to be 

applied prospectively.24-26 Furthermore, the mortality after hospital discharge could not be 

obtained and therefore a long-term survival analysis was not available. Moreover, the 

heterogeneity of the patient population and the relatively small number of patients does 

not allow for stratification and subgroup analysis. Therefore, the conclusions were drawn 

cautiously. 

 

Conclusions 

In octogenarians undergoing EAS, age, ASA score ≥4, mesenteric ischemia and ICU 

admission was independently associated with mortality. One third of early mortality was 

due to withdrawal of care. Therefore, to prevent ethically questionable acute surgical 

interventions, the deliberation of treatment options and the goals of care should involve 

emergency physicians, surgeons, anaesthesiologists, and intensivists. Furthermore, the 

treatment goals needs to be in consistency with the patients' will or with the relatives in 

their role as proxy decision makers for the patient.   



15 
 

Acknowledgements 

The Authors Joël Lavanchy, Melanie Holzgang, Tobias Haltmeier, Daniel Candinas and 

Beat Schnüriger have no conflict of interest or financial ties to declare. 

 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors.  



16 
 

References 

 

1. World health statistics 2016: monitoring health for the SDGs, sustainable 

development goals. Geneva, Switzerland2016. 

2. Christensen K, Doblhammer G, Rau R, Vaupel JW. Ageing populations: the 

challenges ahead. Lancet. 2009;374(9696):1196-208. https://doi.org/10.1016/S0140-

6736(09)61460-4. 

3. de Meijer C, Wouterse B, Polder J, Koopmanschap M. The effect of population 

aging on health expenditure growth: a critical review. Eur J Ageing. 2013;10(4):353-61. 

https://doi.org/10.1007/s10433-013-0280-x. 

4. Regenbogen SE, Gust C, Birkmeyer JD. Hospital surgical volume and cost of 

inpatient surgery in the elderly. J Am Coll Surg. 2012;215(6):758-65. 

https://doi.org/10.1016/j.jamcollsurg.2012.07.011. 

5. Kwok AC, Semel ME, Lipsitz SR, et al. The intensity and variation of surgical care 

at the end of life: a retrospective cohort study. Lancet. 2011;378(9800):1408-13. 

https://doi.org/10.1016/S0140-6736(11)61268-3. 

6. Cooper Z, Hevelone N, Sarhan M, et al. Identifying Patient Characteristics 

Associated With Deficits in Surgical Decision Making. J Patient Saf. 2016. 

https://doi.org/10.1097/PTS.0000000000000323. 

7. Glance LG, Osler TM, Neuman MD. Redesigning surgical decision making for 

high-risk patients. N Engl J Med. 2014;370(15):1379-81. 

https://doi.org/10.1056/NEJMp1315538. 

8. Cooper Z, Koritsanszky LA, Cauley CE, et al. Recommendations for Best 

Communication Practices to Facilitate Goal-concordant Care for Seriously Ill Older 

Patients With Emergency Surgical Conditions. Ann Surg. 2016;263(1):1-6. 

https://doi.org/10.1097/SLA.0000000000001491. 

9. Cauley CE, Block SD, Koritsanszky LA, et al. Surgeons' Perspectives on Avoiding 

Nonbeneficial Treatments in Seriously Ill Older Patients with Surgical Emergencies: A 

Qualitative Study. J Palliat Med. 2016;19(5):529-37. 

https://doi.org/10.1089/jpm.2015.0450. 

https://doi.org/10.1016/S0140-6736(09)61460-4
https://doi.org/10.1016/S0140-6736(09)61460-4
https://doi.org/10.1007/s10433-013-0280-x
https://doi.org/10.1016/j.jamcollsurg.2012.07.011
https://doi.org/10.1016/S0140-6736(11)61268-3
https://doi.org/10.1097/PTS.0000000000000323
https://doi.org/10.1056/NEJMp1315538
https://doi.org/10.1097/SLA.0000000000001491
https://doi.org/10.1089/jpm.2015.0450


17 
 

10. Kawahito K, Kimura N, Yamaguchi A, et al. Early and Late Surgical Outcomes of 

Acute Type A Aortic Dissection in Octogenarians. Ann Thorac Surg. 2017. 

https://doi.org/10.1016/j.athoracsur.2017.06.057. 

11. Kuo K, Shah P, Hiebert B, et al. Predictors of survival, functional survival, and 

hospital readmission in octogenarians after surgical aortic valve replacement. J Thorac 

Cardiovasc Surg. 2017;154(5):1544-53 e1. https://doi.org/10.1016/j.jtcvs.2017.05.047. 

12. Steinberger J, Bronheim RS, Vempati P, et al. Morbidity and Mortality of 

Meningioma Resection Increases in Octogenarians. World Neurosurg. 2017. 

https://doi.org/10.1016/j.wneu.2017.09.021. 

13. Fukuda N, Wada J, Niki M, et al. Factors predicting mortality in emergency 

abdominal surgery in the elderly. World J Emerg Surg. 2012;7(1):12. 

https://doi.org/10.1186/1749-7922-7-12. 

14. von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting 

observational studies. Lancet. 2007;370(9596):1453-7. https://doi.org/10.1016/S0140-

6736(07)61602-X. 

15. Saklad M. Grading of patients for surgical procedures. Anesthesiology. 

1941;2(3):281-4. 

16. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying 

prognostic comorbidity in longitudinal studies: development and validation. J Chronic 

Dis. 1987;40(5):373-83. 

17. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a 

new proposal with evaluation in a cohort of 6336 patients and results of a survey. Ann 

Surg. 2004;240(2):205-13. https://doi.org/10.1097/01.sla.0000133083.54934.ae. 

18. Ford PN, Thomas I, Cook TM, et al. Determinants of outcome in critically ill 

octogenarians after surgery: an observational study. Br J Anaesth. 2007;99(6):824-9. 

https://doi.org/10.1093/bja/aem307. 

19. Rubinfeld I, Thomas C, Berry S, et al. Octogenarian abdominal surgical 

emergencies: not so grim a problem with the acute care surgery model? J Trauma. 

2009;67(5):983-9. https://doi.org/10.1097/TA.0b013e3181ad6690. 

20. Guidet B, Leblanc G, Simon T, et al. Effect of Systematic Intensive Care Unit 

Triage on Long-term Mortality Among Critically Ill Elderly Patients in France: A 

https://doi.org/10.1016/j.athoracsur.2017.06.057
https://doi.org/10.1016/j.jtcvs.2017.05.047
https://doi.org/10.1016/j.wneu.2017.09.021
https://doi.org/10.1186/1749-7922-7-12
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1093/bja/aem307
https://doi.org/10.1097/TA.0b013e3181ad6690


18 
 

Randomized Clinical Trial. JAMA. 2017;318(15):1450-9. 

https://doi.org/10.1001/jama.2017.13889. 

21. Ukkonen M, Kivivuori A, Rantanen T, Paajanen H. Emergency Abdominal 

Operations in the Elderly: A Multivariate Regression Analysis of 430 Consecutive 

Patients with Acute Abdomen. World J Surg. 2015;39(12):2854-61. 

https://doi.org/10.1007/s00268-015-3207-1. 

22. Mirbagheri N, Dark JG, Watters DA. How do patients aged 85 and older fare with 

abdominal surgery? J Am Geriatr Soc. 2010;58(1):104-8. https://doi.org/10.1111/j.1532-

5415.2009.02612.x. 

23. Finlayson E, Wang L, Landefeld CS, Dudley RA. Major abdominal surgery in 

nursing home residents: a national study. Ann Surg. 2011;254(6):921-6. 

https://doi.org/10.1097/SLA.0b013e3182383a78. 

24. Rockwood K, Stadnyk K, MacKnight C, et al. A brief clinical instrument to classify 

frailty in elderly people. Lancet. 1999;353(9148):205-6. https://doi.org/10.1016/S0140-

6736(98)04402-X. 

25. Rockwood K, Song X, MacKnight C, et al. A global clinical measure of fitness and 

frailty in elderly people. CMAJ. 2005;173(5):489-95. 

https://doi.org/10.1503/cmaj.050051. 

26. Rolfson DB, Majumdar SR, Tsuyuki RT, et al. Validity and reliability of the 

Edmonton Frail Scale. Age Ageing. 2006;35(5):526-9. 

https://doi.org/10.1093/ageing/afl041. 

27. Sharrock AE, McLachlan J, Chambers R, et al. Emergency Abdominal Surgery in 

the Elderly: Can We Predict Mortality? World J Surg. 2017;41(2):402-9. 

https://doi.org/10.1007/s00268-016-3751-3. 

28. Cheng HH, Chen FC, Change MW, et al. Difference between elderly and non-

elderly patients in using serum lactate level to predict mortality caused by sepsis in the 

emergency department. Medicine (Baltimore). 2018;97(13):e0209. 

https://doi.org/10.1097/MD.0000000000010209. 

 

  

https://doi.org/10.1001/jama.2017.13889
https://doi.org/10.1007/s00268-015-3207-1
https://doi.org/10.1111/j.1532-5415.2009.02612.x
https://doi.org/10.1111/j.1532-5415.2009.02612.x
https://doi.org/10.1097/SLA.0b013e3182383a78
https://doi.org/10.1016/S0140-6736(98)04402-X
https://doi.org/10.1016/S0140-6736(98)04402-X
https://doi.org/10.1503/cmaj.050051
https://doi.org/10.1093/ageing/afl041
https://doi.org/10.1007/s00268-016-3751-3
https://doi.org/10.1097/MD.0000000000010209


19 
 

Table 1: Patient’s baseline characteristics and comparison of survivors with non-survivors 

 Overall (N=140) Survivors (n=117) Non-survivors 
(n=23) 

p value 

     
Age, y, median (IQR) 83.9 (81.9-87.2) 83.6 (81.6-87.1) 86.4 (83.3-88.3) 0.024* 
Sex, female/male, n (%) 78/62 (55.7/44.3) 67/50 (57.3/42.7) 11/12 (47.8/52.2) 0.493† 
BMI, kg/m2, median (IQR) 24.5 (22.4-27.7) 24.5 (22.5-28.0) 23.9 (21.4-26.2) 0.569* 
     
ASA score, n (%)     
 I - - -  
 II 7 (5.0) 7 (6.0) -  
 III 76 (54.3) 72 (61.5) 4 (17.4) <0.001† 
 IV 49 (35.0) 37 (31.6) 12 (52.2)  
 V 8 (5.7) 1 (0.9) 7 (30.4)  
     
Charlson Comorbidity Index, n (%)     
 0 23 (16.4) 19 (16.2) 4 (17.4)  
 1 20 (14.3) 17 (14.5) 3 (13.0)  
 2 31 (22.1) 27 (23.1) 4 (17.4) 0.931† 
 3 25 (17.9) 20 (17.1) 5 (21.7)  
 4 21 (15.0) 18 (15.4) 3 (13.0)  
 ≥5 20 (14.3) 16 (13.7) 4 (17.4)  
     
Diagnosis, n (%)     
 Cholecystitis 38 (27.1) 38 (32.5) - 0.001† 
 Small or large bowel obstruction 31 (22.1) 27 (23.1) 4 (17.4) 0.784† 
 Hollow viscus perforation 23 (16.4) 19 (16.2) 4 (17.4) 1.000† 
 Diverticulitis 18 (12.9) 14 (12.0) 4 (17.4) 0.498† 
 Mesenteric ischemia 14 (10.0) 4 (3.4) 10 (43.5) <0.001† 
 Hernia 13 (9.3) 12 (10.3) 1 (4.3) 0.694† 
 Appendicitis 3 (2.1) 3 (2.6) - 1.000† 
     
Vital signs at admission, median (IQR)     
 Temperature, °C 36.8 (36.5-37.3) 36.9 (36.5-37.4) 36.7 (36.3-37.1)  0.155* 
 Respiratory frequency, /min. 21 (17-24) 21 (17-24) 22 (19-27) 0.437* 
 Heart rate, /min. 87 (75-102) 85 (75-99) 96 (79-114) 0.103‡ 
 Systolic blood pressure, mmHg 134 (117-159) 135 (117-159) 130 (109-159) 0.869* 
     
Laboratory values at admission, median 
(IQR) 

    

 White blood cell count, G/l 12.5 (9.4-16.1) 12.2 (9.2-14.8) 16.1 (11.1-19.5) 0.024* 
 CRP, mg/l 47 (10-222) 57 (11-240) 27 (5-162) 0.031‡ 
 Creatinine, mmol/l 100 (77-137) 98 (75-131) 115 (94-182) 0.103* 
 Creatinine clearance,   51 (35-72) 55 (36-72) 38 (28-48) 0.047* 
 Lactate at admission, mmol/l 1.7 (1.2-2.6) 1.6 (1.2-2.5) 2.2 (1.5-4.4) 0.028‡ 
 Lactate, worst within first 24 h, mmol/l 2.0 (1.2-2.9) 1.8 (1.2-2.7) 3.3 (2.0-6.4) 0.001* 
 pH 7.40 (7.32-7.43) 7.40 (7.32-7.43) 7.41 (7.33-7.44) 0.727* 
     
Sepsis at admission, n (%) 85 (60.7) 74 (63.2) 11 (47.8) 0.242† 
     
Nursing effort, h per day, median (IQR) 9.2 (7.1-13.0) 8.8 (6.9-11.5) 15.5 (10.9-23.1) 0.215‡ 
     
Admission from, n (%)     
 Home 83 (59.3) 75 (64.1) 8(34.8)  
 Nursing home, rehab. 11 (7.9) 10 (8.5) 1 (4.3) 0.010† 
 Other Hospital 46 (32.9) 32 (27.4) 14 (60.9)  
     
Operation technique, n (%)     
 Laparotomy 117 (83.6) 82 (70.1) 21 (91.3) 0.039† 
 Laparoscopy 23 (16.4) 35 (29.9) 2 (8.7)  
     
ICU admission, n (%) 67 (49.7) 48 (41.0) 19 (82.6) <0.001† 
     

IQR: interquartile range; BMI: body mass index; ASA score: American Society of Anesthesiology score; ICU: intensive care 
unit; * Mann-Whitney-U test; † Fisher’s exact test; ‡ Students’ t test.  
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Table 2: Multivariable analysis of outcomes 
 

In hospital mortality 

OR 95% CI p value 
    

Age, y 1.24 1.04-1.47 0.015 

ASA score ≥4 11.15 2.39-52.02 0.002 

Mesenteric ischemia  52.60 8.93-309.94 <0.001 

ICU admission 9.23 1.74-49.04 0.009 

    

 Loss of independency 

 OR 95% CI p value 

    

Lactate, worst within first 24 h, mmol/l 2.36 1.09-5.10 0.029 

Nursing intensity, h per day 1.16 0.97-1.39 0.103 

    

Forward stepwise logistic regression analysis. 
ASA score: American Society of Anesthesiology score; ICU: intensive care unit; OR: Odds ratio; CI: confidence 
interval  



21 
 

Table 3: Characteristics of patients with withdrawal of care 

Patient Age 
(years) 

Sex ASA 
score 

Sepsis at 
admission 

Diagnosis Intervention Time of 
withdrawal of 

care 

1 91.5 Male 5 Yes Colonic perforation 
(splenic flexure) 

Subtotal colectomy, 
end ileostomy 

POD 1 
(by relatives) 

2 88.3 Female 4 Yes Mesenteric ischemia 
Thrombectomy SMA, 

segmental small 
bowel resection 

POD 1 
(by patient) 

3 95.6 Female 5 No Small bowel 
obstruction Adhesiolysis POD 4 

(by relatives) 

4 86.4 Male 4 No Small bowel 
obstruction Adhesiolysis POD 4 

(by relatives) 

5 88.1 Female 4 Yes Colonic perforation 
(sigmoid colon) 

Rectosigmoidectomy, 
end colostomy 

POD 6 
(by patient) 

ASA score: American Society of Anesthesiology score; SMA: superior mesenteric artery; POD: Postoperative day  
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Table 4: Comparison of patients stratified by loss of independency 

 No loss of independency 
(n=47) 

Loss of independency 
(n=29) 

p 
value 

    
Age, y, median (IQR) 84.0 (81.9-87.1) 83.9 (81.2-86.9) 0.724* 
Sex, female/male, n (%) 28/19 (59.6/40.4) 15/14 (51.7/48.3) 0.634† 
BMI, kg/m2, median (IQR) 24.7 (22.3-27.7) 24.0 (22.7-27.1) 0.817* 
    
ASA score, n (%)    
 I - -  
 II 5 (10.6) 1 (3.4)  
 III 33 (70.2) 17 (58.6) 0.166† 
 IV 9 (19.1) 11 (37.9)  
 V - -  
    
Charlson Comorbidity Index, n (%)    
 0 8 (17.0) 6 (20.7)  
 1 8 (17.0) 2 (6.9)  
 2 13 (27.7) 8 (27.6) 0.237† 
 3 7 (14.9) 6 (20.7)  
 4 8 (17.0) 1 (3.4)  
 ≥5 3 (6.4) 6 (20.7)  
    
Diagnosis, n (%)    
 Cholecystitis 18 (38.3) 7 (24.1) 0.222† 
 Small or large bowel obstruction 8 (17.0) 9 (31.0) 0.169† 
 Hollow viscus perforation 6 (12.8) 5 (17.2) 0.739† 
 Diverticulitis 4 (8.5) 2 (6.9) 1.000† 
 Mesenteric ischemia - 3(10.3) 0.052† 
 Hernia 8 (17.0) 3 (10.3) 0.517† 
 Appendicitis 3 (6.4) - 0.283† 
    
Vital signs at admission, median (IQR)    
 Temperature, °C 36.8 (36.3-37.1) 37.1 (36.8-37.5) 0.045* 
 Respiratory frequency, /min. 18.5 (15-23) 22.0 (20-28) 0.010* 
 Heart rate, /min. 81.5 (71-96) 85.0 (75-99) 0.526* 
 Systolic blood pressure, mmHg 133.5 (120- 160) 144.0 (127-162) 0.334* 
    
Laboratory values at admission, median 
(IQR) 

   

 White blood cell count, G/l 11.9 (8.8-15.1) 13.2 (10.2-14.8) 0.521* 
 CRP, mg/l 45 (8-165) 29 (6-213) 0.710* 
 Creatinine, mmol/l 91 (73-117) 105 (78-127) 0.171* 
 Creatinine clearance,   61 (42-76) 53 (38-70) 0.382* 
 Lactate at admission, mmol/l 1.5 (1.1-2.3) 1.6 (1.2-3.1) 0.170* 
 Lactate, worst within first 24 h, mmol/l 1.5 (1.1-2.3) 2.0 (1.2-3.1) 0.112* 
 pH 7.40 (7.33-7.42) 7.40 (7.35-7.44) 0.531* 
    
Sepsis at admission, n (%) 26 (55.3) 19 (65.5) 0.473† 
    
Nursing effort, h per day, median (IQR) 7.0 (5.0-8.9) 8.9 (7.2-11.4) 0.002* 
    
Operation technique, n (%)    
 Laparotomy 31 (66.0) 21 (72.4)  
 Laparoscopy 16 (34.0) 8 (27.6) 0.619† 
    
ICU admission, n (%) 11 (23.4) 14 (48.3) 0.043† 
ICU LOS, median (IQR) 8.0 (6.0-13.0) 13.0 (9.0-20.0) 0.291* 

IQR: interquartile range; BMI: body mass index; ASA score: American Society of Anesthesiology score; ICU: intensive 
care unit; * Mann-Whitney-U test; † Fisher’s exact test.  
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Figure 1: Flow chart of the study outline 
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Figure 2: Kaplan-Meier survival curves stratified by ASA score (Figure 2 A), presence of 

mesenteric ischemia (Figure 2 B) and ICU admission (Figure 2 C) 
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