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Abstract

Background: Emergency surgery is associated with high mortality and morbidity and identifying the 
patients at highest risk of death represents a major challenge for intensivists. Obesity is a common co-
morbidity with increasing prevalence in the last 20 years. While conflicting results were reported on the 
association between obesity and mortality in elective surgery, very few data are available on this relation-
ship in emergency surgery. 

Methods: We investigated this association in 73 consecutive patients submitted to emergency abdomi-
nal surgery and admitted to our ICU (1st January 2016 - 31th December 2017). 

Results: Obesity (BMI≥30) was present in 15 patients (20.5%). When compared to normal weight pa-
tients, obese patients showed a lower value of the comorbidity index (CCI: obese 4.7 ± 2 vs normal weight 
5.8 ± 2, p=0.007) and a higher incidence of surgical complications (obese pts: 6 vs normal weight pts: 9, 
p=0.03). A longer duration of mechanical ventilation was observed in obese patients (obese pts: 2 (1-6) vs 
normal weight pts: 10 (4-12) days, p=0.021). In hospital mortality rate was comparable between the two 
subgroups.

Conclusions: Our findings indicate that obesity is a common comorbidity in emergency abdominal sur-
gery but obese patients did not show higher in-ICU mortality rate than normal weight patients, probably 
due to lower comorbidities. However, the incidence of surgical complication was higher in obese patient, 
as well as duration of mechanical ventilation. 
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Introduction

Emergency surgery is associated with high mortality and 
morbidity and identifying the patients at highest risk of death 
represents a major challenge for intensivists. Obesity is a common 
comorbidity with increasing prevalence in the last 20 years. While 
conflicting results were reported on the association between 
obesity and mortality in elective surgery, very few data are 
available on this relationship in emergency surgery [1-3]. 

We investigated this association in 73 consecutive patients 
submitted to emergency abdominal surgery and admitted to our 
ICU (1st January 2016 - 31th December 2017). 

Methods 

 Data were prospectively recorded in clinical registry and 
retrospectively analyzed. All patients (or their next of kin) signed 
a written inform consent for storing their clinical data. The study 
was approved by the Institutional Review Board of our hospital. 

 The study population comprises 73 consecutive patients 
submitted to emergency abdominal surgery (including emergency 
vascular surgery) and admitted to our ICU from 1st January 2016 
and 31th December 2017.

Clinical variables were recorded for each patient from the 
electronic pre-anesthetic evaluation form and ICU chart. Age, 
gender, and body mass index (BMI) served as baseline variables. 
The presence of comorbidities was determined by taking the 
patients’ history directly and the Charlson Comorbities Scale 
index (CCI) was also calculated [4]. The Sequential Organ Failure 
Assessment (SOFA) was calculated before surgery and ICU 
admission [5]. Lactate values were measured before surgery and 
on ICU admission. The primary outcome was in-ICU mortality 
(that is during ICU stay). 

Anaesthesiological technique 

 General anaesthesia was performed in all patients. Induction 
was conducted with a bolus of propof (1-2.5 mg/kg)) or midazolam 
(0.15–0.2 mg/kg) or ketamine (0.5–1 mg/kg) and remifentanil 
(0.5-1 ug/kg/min) or fentanyl (1-2 µg/kg), and anaesthesia was 
maintained with sevorane or desflurane and fentanyl (25–100 µg) 
or remifentanil (0.5–1 µg/kg/min). The neuromuscular block was 
achieved with atracurium (0.5–0.7 mg/kg) or rocuronium (0,6-1.2 
mg/Kg) Train of Four was used to monitor neuromuscular block. 
The Rapid Sequence Induction was undertaken in presence of 
inhalation risk. During the procedure, patients were mechanical 
ventilated with lung protective ventilation (tidal volume: 6 ml/
kg; Peak Inspiratory Pressure <30 mmHg, and FiO2: 40%–70%; 
positive end-expiratory pressure: 6–10 cm H2O). All patients 
were monitored by means of the invasive arterial blood pressure, 
pulse rate, electrocardiogram, pulse oximetry and central venous 
saturation. The respiratory and metabolic status was monitored 
by means of blood gas analysis. Normothermia was maintained 
with a forced air warmer. 

Statistical analysis  

Statistical analysis has been conducted with SPSS 13.0 for 
Windows software (SPSS Inc, Chicago, IL) A two-tailed p value < 
0.05 was considered statistically significant. Categorical variables 
are reported as frequencies and percentages; continuous variables 

are reported as mean ± standard deviation (SD). For continuous 
variables, between-groups comparisons have been performed 
with Student’s t-test or ANOVA (followed by Bonferroni post-tests 
if overall p was significant) or by means of Kruskal-Wallis H test. 
Categorical variables were compared with chi-square Univariate 
analysis (chi-square ore Fisher’s exact test for categorical data; 
Student’s t test or Mann. Whitney U test for continuous data) was 
used to identify candidate variables for multivariate analysis which 
included those variables that resulted significant at univariate 
analysis or were considered clinically relevant. Backward stepwise 
logistic regression was performed in order to identify predictors 
of ICU mortality. Hosmer-Leme show goodness-of-fit test and 
Nagelkerke pseudo-R 2 are reported. 

Results

Our population comprises 73 patients, mainly males (39/73, 
53.4%) (Table 1). Patients aged > 75 years represented the majority 
of our series (44/73, 60%). Abdominal surgery was performed in 
most cases (65/73, 89%). The ICU-mortality rate was 26% (19/73). 
Obesity (BMI≥30) was present in 15 patients (20.5%). When 
compared to normal weight patients, obese showed a lower 
comorbidity index value (p=0.007) and a higher incidence of 
surgical complications (p=0.03). A longer duration of mechanical 
ventilation was observed in obese patients (p=0.021). In hospital 
mortality rate was comparable between the two subgroups.

At multivariate logistic regression analysis (Table 2) SOFA and 
lactate were independently associated with in ICU mortality 
(when adjusted for BMI). 

Table 1: Comparison between patients with BMI ≤30 and those 
with BMI >30- clinical characteristics.

 All BMI ≤ 30 BMI > 30 p

Number 73 58 (79%) 15 (21%)  

Gender (M) (n,%) 39 (53.4%) 30 (55.5%) 9 (47.4%) 0.525*

Age  (yrs) (mean ± SD) 73.5 ± 15 75 ± 15 68 ± 12 0.008(t)

Age > 75 yrs (n,%) 44 (60%) 39 (68%) 5 (33%) 0.016*

CCI (mean ±SD) 5.6 ± 2 5.8 ± 2 4.7± 2 0.007(t)

CCI ≥4 49 (67%)    

Surgery (n,%)

Abdominal 65 (89%) 51 (88%) 14 (93%) 0.423*

Vascular 8 (11%) 7 (12%) 1 (7%)  

Mechanical ventilation 
(days) (median, IQR)

4 (1.75-8) 2 (1-6) 10 (4-12) 0.021#

LOS (days) 6 (4-10) 7 ± 5 9 ± 4 0.210 (t)

ICU mortality (n,%) 19 (26%) 13 (22%) 6 (40%) 0.166*

BMI: body mass index, CCI: Charlson comorbidity index, LOS: lenght of 
stay, ICU: intensive care unit. SD: standard deviation, IQR: interquartile 
range. (t): Student t test; *: chi square test; #: Kruskal-Wallis test. 
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Table 2: Comparison between patients with BMI ≤ 30 and those 
with BMI > 30- before surgery and ICU admission.

 ALL BMI ≤ 30 BMI > 30 p

Number 74 58 15  

Before Surgery

SOFA pre (mean ± SD) 4.05 ± 3.37 3.9 ±3 4.2 ± 4 0.695 (t)

Lactate pre (mean ± SD) 4.68 ± 4.17 4.3 ± 3 4.5± 4 0.580 (t)

ICU 

SOFA ICU (mean ±SD) 6.36 ± 3.2 6.4 ±3 6 ± 3.1 0.642 (t)

Lactate ICU (mean ±SD) 2.96 ± 2.74 3.1± 2 1.8± 0.9 0.006 (t)

ICU complications (n,%)

Infections 8 (11%) 6 (10%) 2 (13%) 0.385*

Respiratory complications 5 (7%) 4 (7%) 1 (7%) 0.641*

Surgical complications 15 (21%) 9 (15%) 6 (40%) 0.031*

SOFA: Sequential Organ Failure Assessment; ICU: Intensive Care Unit. 
SD: standard deviation. (t): Student t  test; *: chi square test. 

Discussion

The main findings of our investigation, performed in 73 con-
secutive patients submitted to emergency abdominal surgery, are 
as follows: a) obesity (BMI > 30) is a common but it is not associ-
ated with increased ICU mortality than normal weight patients; b) 
SOFA and lactate are independent predictors for early mortality. 

 Our series, constituted by consecutive adult patients submit-
ted to emergency abdominal surgery who needed post operative 
ICU admission, comprises mainly elderly patients (aged ≥ 75 yrs, 
60%) with several comorbidities (as indicated by the Charlson 
Comorbidity Index, CCI ≥ 4, 67.1%), thus representing a high-risk 
population. Mortality rate in our series was comparable to that 
reported in previous studies [6,7], performed in high volume cen-
tres. 

In our series, obesity is a common finding being encountered 
in the 21%, but, differently from previous papers on surgical pa-
tients [1,3], it is not associated with increased age or comorbidi-
ties (as indicated by CCI) probably due to the high percentage 
of elderly patients in our population. In the American College of 
Surgeons National Quality Improvement Program database from 
2005 to 2010 [3] the incidence of obesity was slightly higher (32%) 
than that reported in our study but the discrepancy may be relat-
ed to geographic variations and differences in obesity prevalence 
among different countries.  

The main finding of our investigation is that obese patients 
submitted to emergency abdominal surgery showed a compa-
rable ICU mortality rate than normal weight patients. Few data 
are so far available on the outcomes of obese patients submitted 
to emergency abdominal surgery. The paper by Benjamin et al [3] 
was the only investigation addressing this topic. In this large vol-
ume database, obesity was found to be protective against 30-d 
mortality while underweight patients were at increased risk of 
morbidity and mortality. Our results are in keeping with those by 
Benjamin et al [3], though we specifically focused on obesity (BMI 
> 30). However the novelty of our investigation is that we confirm 
the protective role of obesity in emergency abdominal surgery in 
a subset at high risk, constituted mainly by elderly patients with 

several comorbidities. In the cohort described by Benjamin et al 
[3] the percentage of old patients (≥65 years) was only 24.5%, 
while in our series elderly patients (≥75%) were more than a half 
of the entire population. The high incidence of comorbidities ob-
served in our series is in keeping with previous findings in surgical 
patients [8-10].

In our series, obese patients showed a higher incidence of sur-
gical complications than normal weight patients, in agreement 
with previous reports. In a single-center investigation [1] includ-
ing 4293 patients undergoing general surgery, obesity alone was 
a risk factor for wound infection, more surgical blood loss and a 
longer operation time, though these complications did not affect 
long term survival. In a large series of 7543 patients, mild obesity-
was not a risk factor for 30-day outcome after vascular surgery 
[11]. Impaired immunity and increased glucose levels frequently 
encountered in obese patients may represent contributing factors 
for the higher incidence of complications [12,13].

In our series, SOFA score, assessed both before surgery and 
on ICU admission, was an independent risk factor for ICU death 
in our series. To date, SOFA has not been extensively investigated 
in surgical patients. In a pilot study [14], including 33 surgical pa-
tients, the combination of SOFA score and biomarkers (NGAL, cal-
protectin, KIM-1, cystatin C, and GDF-15) proved to have a great 
prognostic value in post surgical patients. The addiction of lactate 
values improved the accurancy of quick SOFA in predicting mor-
tality in a retrospective analysis of 457 surgical patients with com-
plicated intra-abdominal infections [15].

Study limitations 

It is a single-centre study, thus comprising quite a small sample 
size. However, all patients are consecutive and submitted to a 
emergency abdominal surgery in a high volume center and after-
wards managed by the same medical team during ICU stay. How-
ever, our results should be confirmed in a prospective multicenter 
investigation. 

Our findings indicate that obesity is a common comorbidity in 
emergency surgery but obese patients did not show higher in-ICU 
mortality rate than normal weight patients, probably due to lower 
comorbidities. However, the incidence of surgical complication 
was higher in obese patient, as well as duration of mechanical 
ventilation.

References

1. Tjeertes EEKM, Hoeks SSE, Becks SBJ, Valentijn TM, Hoofwijk AGM, 
et al. Obesity - a risk factor for post operative complications in gen-
eral surgery ? BMC Anesthesiology. 2015; 15: 112.

2. Fukuda N, Wada J, Niki M, Sugiyama Y, Mushiake H, et al. Factors 
predicting mortality in emergency abdominal surgery in the elder-
ly. World J of Emerg Surg. 2012; 7: 12.

3. Benjamin ER, Dilektasli E, Haltmeier T, Beale E, Inaba K, et al. The 
effect of body mass index on complications and mortality after 
emergency abdominal operations: the obesity paradox. The Amer-
ican Journal of Surgery. 2017; 1-5.

4. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: devel-
opment and validation. J Chronic Dis. 1987; 40: 373-383. 



www.journalonsurgery.org          4

5. Vincent JL, de Mendonça A, Cantraine F, Moreno R, Takala J, et al. 
Use of the SOFA score to assess the incidence of organ dysfunc-
tion/failure in intensive care units: results of a multicenter, pro-
spective study. Working group on “sepsis-related problems” of the 
European Society of Intensive Care Medicine. Crit Care Med. 1998; 
26: 1793-800.

6. Saunders DI, Murray D, Pichel AC, UK Emergency Laparotomy Net-
work. Variations in mortality after emergency laparotomy: the first 
report of the UK Emergency Laparotomy Network. Br J Anaesth. 
2012; 109: 368-375.

7. Al-Temimi MH, Griffee M, Enniss TM, Preston R, Vargo D, et al. 
When is death inevitable after emergency laparotomy? Analysis 
of the American College of Surgeons National Surgical Quality Im-
provement Programme. J Am Coll Surg. 2012; 215: 503-511.

8. Lee JY, Lee DH, Cho NH, Rha KH, Choi YD, et al. Charlson Comorbid-
ity Index Is an Important Prognostic Factor for Long-Term Survival 
Outcomes in Korean Men with Prostate Cancer after Radical Pros-
tatectomy. Yonsei Med J. 2014; 55: 316-323.

9. Fukuda N, Wada J, Niki M, Sugiyama Y, Mushiake H. Factors pre-
dicting mortality in emergency abdominal surgery in the elderly. 
World J of Emerg Surg. 2012; 7: 12.

10. Rubinfeld I, Thomas C, Berry S, Murthy R, Obeid N, et al. Octo-
genarian abdominal surgical emergencies: Not so grim a problem 
with the acute care surgery model? J Trauma. 2009; 67: 983-989.

11. Davenport DL, Eleptherios XS, Hosokawa P, Radford J, Henderson 
WG. The influence of body mass index obesity status on vascular 
surgery 30-day morbidity and mortality. J Vasc Surg. 2009; 49: 140-
147.

12. Stryker LS, Abdel MP, Morrey ME, Morrow MM, Kor DJ, et al. El-
evated postoperative blood glucose and preoperative hemoglobin 
A1C are associated with increased wound complications following 
total joint arthroplasty. J Bone Joint Surg Am. 2013; 95: 808-814.

13. Tanaka S, Inoue S, Isoda F, Waseda M, Ishihara M, et al. Impaired 
immunity in obesity: suppressed but reversible lymphocyte re-
sponsiveness. Int J Obes Relat Metab Disord. 1993; 17: 631-636.

14. Lee CW, Kou HW, Chou HS, Chou HH, Huang SF, et al. A combi-
nation of SOFA score and biomarkers gives a better prediction of 
septic AKI and in-hospital mortality in critically ill surgical patients: 
a pilot study. World J Emerg Surg. 2018; 13: 41. 

15. Jung YT, Jeon J, Park JY, Kim MJ, Lee SH, et al. Addition of lactic 
acid levels improves the accuracy of quick sequential organ failure 
assessment in predicting mortality in surgical patients with com-
plicated intra-abdominal infections: a retrospective study. World J 
Emerg Surg. 2018; 13: 14.


