

[image: image1]
Combined effect of age and body mass index on postoperative mortality and morbidity in laparoscopic cholecystectomy patients












	
	TYPE Original Research

PUBLISHED 23 November 2023
DOI 10.3389/fsurg.2023.1243915






[image: image2]

Combined effect of age and body mass index on postoperative mortality and morbidity in laparoscopic cholecystectomy patients

Hana M. A. Fakhoury1*†, Ziad Yousef2,3†, Hani Tamim1,4, Sarah Daher1, Abdul Aleem Attasi2,3,5, Abdulaziz Al Ajlan6 and Ali H. Hajeer2,6

1Department of Biochemistry and Molecular Medicine, College of Medicine, Alfaisal University, Riyadh, Saudi Arabia

2Department of Surgery, College of Medicine, King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia

3Department of Surgery, King Abdulaziz Medical City, Riyadh, Saudi Arabia

4Department of Internal Medicine, American University of Beirut Medical Center, Beirut, Lebanon

5Department of Anesthesia, King Abdullah Specialized Children Hospital, Riyadh, Saudi Arabia

6Department of Pathology and Laboratory Medicine, King Abdulaziz Medical City, Riyadh, Saudi Arabia

EDITED BY
Stefano Olmi, Policlinico San Marco, Italy

REVIEWED BY
Hwei Jene Ng, NHS Greater Glasgow and Clyde, United Kingdom
Pinky Thapar, Jupiter Hospital, India

*CORRESPONDENCE Hana M. A. Fakhoury hana.fakhoury@gmail.com

†These authors have contributed equally to this work and share first authorship

RECEIVED 20 July 2023
ACCEPTED 06 November 2023
PUBLISHED 23 November 2023

CITATION Fakhoury HMA, Yousef Z, Tamim H, Daher S, Attasi AA, Al Ajlan A and Hajeer AH (2023) Combined effect of age and body mass index on postoperative mortality and morbidity in laparoscopic cholecystectomy patients.
Front. Surg. 10:1243915.
doi: 10.3389/fsurg.2023.1243915

COPYRIGHT © 2023 Fakhoury, Yousef, Tamim, Daher, Attasi, Al Ajlan and Hajeer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Background: Previous studies have assessed the impact of age and body mass index (BMI) on surgery outcomes separately. This retrospective cohort study aimed to investigate the combined effect of age and BMI on postoperative mortality and morbidity in patients undergoing laparoscopic cholecystectomy.



Methods: Data from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database for laparoscopic cholecystectomy patients between 2008 and 2020 were analyzed. Patient demographics, functional status, admission sources, preoperative risk factors, laboratory data, perioperative variables, and 30-day postoperative outcomes were included in the dataset. Logistic regression was used to determine the association of age, BMI, and age/BMI with mortality and morbidity. Patients were stratified into different subcategories based on their age and BMI, and the age/BMI score was calculated. The chi-square test, independent sample t-test, and ANOVA were used as appropriate for each category.



Results: The study included 435,052 laparoscopic cholecystectomy patients. Logistic regression analysis revealed that a higher age/BMI score was associated with an increased risk of mortality (adj OR 13.13 95% CI, 9.19–18.77, p < 0.0001) and composite morbidity (adj OR 2.57, 95% CI 2.23–2.95, p < 0.0001).



Conclusion: Older age, especially accompanied by a low BMI, appears to increase the post-operative mortality and morbidity risks in laparoscopic cholecystectomy patients, while paradoxically, a higher BMI seems to be protective. Our hypothesis is that a lower BMI, perhaps secondary to malnutrition, can carry a greater risk of surgery complications for the elderly. Age/BMI is strongly and positively associated with mortality and morbidity and could be used as a new scoring system for predicting outcomes in patients undergoing surgery. Nevertheless, laparoscopic cholecystectomy remains a very safe procedure with relatively low complication rates.
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Introduction

Older age has been found to be associated with an increased risk of mortality following surgery. For instance, previous studies have reported that age is the strongest predictor of mortality in patients with bacterial colitis undergoing emergency colectomies, with a nine-fold risk increase in older patients (1). Additionally, older age has been identified as a risk factor for death in super-obese individuals having bariatric surgery (2). On the other hand, BMI has been found to be negatively associated with mortality (3). In contrast, Mullen et al. (4) investigated the effect of BMI on patients undergoing major intra-abdominal cancer surgery. Their results demonstrated that obesity is not a risk factor for postoperative mortality or major complications. Interestingly, they found that being underweight carried a fivefold increased risk of postoperative mortality. However, the effect of age and BMI on surgery outcomes in combination has not been well studied.

Our group introduced a new scoring system consisting of the ratio of age over BMI (age/BMI), referred to as the Hajeer score, as a predictor of mortality in COVID-19 patients (5).This score was found to be a stronger predictor of death compared to age alone (5).

Laparoscopic cholecystectomy is a relatively low-risk procedure with a large sample size, as laparoscopic biliary procedures are associated with lower overall morbidity and shorter hospital stays than open surgery (6). The aim of this study was to investigate the combined effect of age and BMI on postoperative morbidity and mortality in laparoscopic cholecystectomy patients.



Materials and methods


Study design and data collection

We used a retrospective cohort study design to analyze data from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database. This database is a prospective, validated outcomes registry that provides feedback to member hospitals on 30-day risk-adjusted surgical mortality and morbidity. It contains anonymized data for patients undergoing major surgery in over 700 participating non-Veterans Affairs administration hospitals. The data includes patient demographics, functional statuses, admission sources, preoperative risk factors, laboratory data, perioperative variables, and 30-day postoperative outcomes. Trained surgical clinical reviewers collect this data on admission from the medical chart, operative log, anesthesia record, interviews with the surgical attending, and telephone interviews with patients (7). For this study, we identified 435,052 patients who underwent laparoscopic cholecystectomy between 2008 and 2020 using the Current Procedural Terminology (CPT) code 47,562 maintained by the American Medical Association.

The King Abdullah International Medical Research Center's Institutional Review Board (IRB) of the Ministry of National Guard—Health Affairs in Riyadh, Saudi Arabia waived the ethical approval and requirement of a consent form. All methods were conducted following the relevant guidelines and regulations, and all data were de-identified before analysis.



Subgroups

Age, BMI, and age/BMI were converted from continuous to categorical variables in order to perform an adjusted multivariable risk assessment for each. Age was divided into four groups, namely group 1 (<40 years), group 2 (40– < 60 years), group 3 (60– < 80 years), and group 4 (>80 years). On the other hand, BMI was divided into three groups, namely group 1 (BMI < 25), group 2 (BMI 25– < 30), and group 3 (BMI > 30). Age/BMI score was calculated by dividing age (years) by BMI (kg/m2). The range for age/BMI in this cohort was min = 0.22, max = 8.42, 25th percentile = 1.08, and 75th percentile = 2.12. Age/BMI was divided into four groups, namely group 1 (age/BMI < 1.0), group 2 (age/BMI > 1.0– < 2.0), group 3 (age/BMI > 2.0–<3.0), and group 4 (age/BMI > 3.0). Finally, to test our results, we divided the patients into nine groups according to age and BMI before analyzing the incidence of mortality and morbidity. These groups were as follows: Group 1 (age < 50 and BMI < 18.5), group 2 (age < 50 and BMI 18.5–25), group 3 (age < 50 and BMI > 25), group 4 (age 50–70 and BMI < 18.5), group 5 (age 50–70 and BMI 18.5–25), group 6 (age 50–70 and BMI > 25), group 7 (age > 70 and BMI < 18.5), group 8 (age > 70 and BMI 18.5–25), and group 9 (age > 70 and BMI > 25).



Extracted variables

The demographic data obtained from patients included their age, sex, height, weight, BMI, and race. The comorbidities and characteristics of the patients assessed included obesity, smoking, diabetes, hypertension, chronic steroid use, systemic sepsis (within 48 h prior to surgery), dyspnea, congestive heart failure (within 30 days prior to surgery), severe chronic obstructive pulmonary disease (COPD), ascites (within 30 days prior to surgery), acute renal failure (preoperative), bleeding disorders, and disseminated cancer. The operative characteristics included full operation (OP) time, inpatient/outpatient status, American Society of Anesthesiologists (ASA) classification (ASA scores: I is a healthy patient; II is mild systemic disease but no functional limitations; III is severe systemic disease with definite functional limitations; IV is severe systemic disease that is a constant threat to life; and V is a moribund patient unlikely to survive 24 h with or without an operation), and preoperative blood transfusion (within 72 h prior to surgery).

The following outcomes were assessed in this study: mortality, wound outcome, cardiac outcome, respiratory outcome, urinary outcome, central nervous system (CNS) outcome, thromboembolism, sepsis, return to operation room (OR), and composite morbidity. Composite morbidity was defined as the presence of any of the other nine outcomes.



Statistical analysis

Descriptive statistics were reported as numbers and percentages for categorical variables, and mean and standard deviation for continuous variables. Associations between exposure (age, BMI, and age/BMI) and the different characteristics and outcomes were assessed using the chi-square test for categorical factors, the independent samples t-test for continuous factors in association with a 2-group categorical variable, or ANOVA for continuous factors in association with a 3-group or more categorical variable.

To control for potentially confounding effects of patient characteristics, we conducted multivariate logistic regression analyses. Adjusted odds ratios (aORs) for mortality and morbidities were calculated using logistic regression with 95% confidence intervals (CIs). Variables considered in the multivariate analysis were: underlying medical conditions [congestive heart failure within 30 days prior to surgery, severe COPD, acute renal failure (pre-operative), bleeding disorders, cancer, ascites within 30 days prior to surgery], preoperative treatments (dialysis, ventilation, chemotherapy, radiation therapy), and ASA classification (I/II, III, and IV/V). The level of significance for the p-value was set at <0.05.




Results

A total of 435,052 patients who had undergone laparoscopic cholecystectomy were included in this study, of which 11.1% were emergency cases. Supplementary Table S1 in the supplement describes the demographics of the four groups divided by age. The results indicated that as age increased, weight, BMI, the proportion of female gender, and smoking decreased. On the other hand, as age increased the following increased: OP in minutes, white race, the prevalence of BMI > 30, diabetes, hypertension, systemic sepsis, steroid use, ASA IV/V, being an in-patient, requirement for transfusion, wound infection, dyspnea, congestive heart failure, COPD, ascites, renal failure, bleeding disease, and disseminated cancer.

Table 1 describes the demographics of the four age/BMI groups. Except for female representation, BMI, and smoking, all other comorbidities increased as the age/BMI score increased.


TABLE 1 Baseline characteristics of the age/BMI categories. Results are presented as mean (SD) for continuous variables and N (number) and % for categorical variables. Age/BMI was divided into four groups: group 1 (age/BMI < 1.0), group 2 (age/BMI > 1.0 & <2.0), group 3 (age/BMI > 2.0 & <3.0), and group 4 (age/BMI > 3.0).a

[image: Table 1]

Table 2 shows the results of the ordered regression analysis of the age groups with the different outcomes. Older age significantly predicted morbidity and mortality. Adjusted OR for the >80 years old were as follows: (OR 16.06 95% CI, 11.48–22.45, p < 0.0001), wound outcome (OR 1.91, 95% CI 1.53–2.38, p < 0.0001), cardiac outcome (OR 7.04, 95% CI 4.04–12.27, p < 0.0001), respiratory outcome (OR 2.27, 95% CI 1.81–2.86, p < 0.0001), urinary outcome (OR 2.56, 95% 1.57–4.19, p = 0.0002), CNS outcome (OR 13.62, 95% CI 5.23–35.50, p < 0.0001), thromboembolism (OR 2.30, 95% CI 1.62–3.27, p < 0.0001), sepsis (OR 2.28, 95% CI 1.88–2.77, p < 0.0001), return to OR (OR 1.21, 95% CI 0.99–1.19, p = 0.0647), and composite morbidity (OR 2.35, 95% CI 2.07–2.67, p < 0.0001).


TABLE 2 Effect of age on outcome. Results are presented as adjusted and unadjusted OR for each outcome. Age groups 40–<60, 60–<80, and >80 years old were compared to the reference group <40 years old.a
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Supplementary Table S2 in the supplement describes the demographics of the three BMI groups. Factors inversely correlated with BMI included: Age, OP time, smoking, steroid, transfusion use, COPD, ascites, bleeding disease, and disseminated cancer. While, diabetes, hypertension, systemic sepsis in the previous 48hr, and dyspnea were positively correlated with increasing BMI.

Table 3 shows the results of the ordered regression analysis of the BMI groups with different outcomes. Except for thromboembolism and urinary outcomes, higher BMI was protective against mortality and morbidity. The adjusted odds ratios (OR) for BMI > 30 were as follows: mortality (OR 0.39, 95% CI 0.33–0.45, p < 0.0001), wound outcome (OR 0.74, 95% CI 0.65–0.84, p < 0.0001), cardiac outcome (OR 0.57, 95% CI 0.45–0.71, p < 0.0001), respiratory outcome (OR 0.85, 95% CI 0.75–0.97, p = 0.0160), CNS outcome (OR 0.46, 95% CI 0.30–0.70, p = 0.0004), sepsis (OR 0.81, 95% CI 0.72–0.90, p = 0.0002), return to OR (OR 0.74, 95% CI 0.65–0.84, p < 0.0001), and composite morbidity (OR 0.79, 95% CI 0.74–0.86, p < 0.0001).


TABLE 3 Effect of BMI on outcome. Results are presented as adjusted and unadjusted OR for each outcome. BMI group 2 (BMI > 25 & <30) and group 3 (BMI > 30) were compared to the reference group 1 (BMI < 25).a
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Table 4 shows the results of the ordered regression analysis of the age/BMI groups with different outcomes. A higher age/BMI score appears to be a risk for all studied outcomes. The adjusted OR for age/BMI group 4 (age/BMI > 3.0) were as follows: mortality (OR 13.13 95% CI, 9.19–18.77, p < 0.0001), wound outcome (OR 2.68, 95% CI 2.11–3.40, p < 0.0001), cardiac outcome (OR 8.66, 95% CI 4.36–17.19, p < 0.0001), respiratory outcome (OR 2.31, 95% CI 1.80–2.96, p < 0.0001), urinary outcome (OR 1.27, 95% CI 0.79–2.04, p = 0.3352), CNS outcome (OR 7.66, 95% CI 2.98–19.70, p < 0.0001), thromboembolism (OR 1.92, 95% CI 1.31–2.82, p = 0.0008), sepsis (OR 2.51, 95% CI 2.03–3.10, p < 0.0001), return to OR (OR 1.55, 95% CI 1.26–1.91, p < 0.0001), and composite morbidity (OR 2.57, 95% CI 2.23–2.95, p < 0.0001).


TABLE 4 Effect of age/BMI on outcome. Results are presented as adjusted and unadjusted OR for each outcome. Age/BMI group 2 (age/BMI > 1.0 & <2.0), group 3 (age/BMI > 2.0 & <3.0), and group 4 (age/BMI > 3.0) were compared to the reference group 1 (age/BMI < 1.0).a
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Furthermore, patients were categorized according to their age and BMI into nine groups. Table 5 describes the incidence of surgery outcomes as numbers and percentages in the nine groups. Group 7 (older age and lower BMI) had the highest incidence of the described outcomes (mortality and morbidity), while the young age groups (1–3) had the lowest incidence of mortality and morbidity. Supplementary Figure S1 in the supplement shows the incidence of mortality and composite morbidity in the nine groups. Group 7 had the highest incidence of mortality (2.85%) and composite morbidity (8.90%). Both, group 8 (age > 70 and BMI 18.5–25) and group 9 (age > 70 and BMI > 25) showed a higher incidence of mortality and composite morbidity compared to groups 1–6, but lower than group 7.


TABLE 5 Incidence of outcome in the 9 different age BMI groups. Age and BMI groups were divided into 9 groups. Group 1 age < 50 and BMI < 18.5, group 2 age < 50 and BMI 18.5–25, group 3 age < 50 and BMI > 25, group 4 age 50–70 and BMI < 18.5, group 5 age 50–70 and BMI 18.5–25, group 6 age 50–70 and BMI > 25, group 7 age > 70 and BMI < 18.5, group 8 age > 70 and BMI 18.5–25, group 9 age > 70 and BMI > 25.
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Discussion

Laparoscopic cholecystectomy is generally considered a safe surgical procedure with a low risk of complications, a notion supported by our study's results, which revealed a very low incidence of mortality and morbidity in patients undergoing this procedure.

We evaluated the influence of age, BMI, and their combined effect on mortality and morbidity outcomes among laparoscopic cholecystectomy patients. Our findings showed a positive association between older age and both mortality and morbidity, with the adjusted risk for mortality increasing 16-fold in the older age group (those over 80 years old) and the adjusted risk for composite morbidity increasing 2.3-fold with advancing age. This observation is consistent with the well-established understanding that older age is a significant risk factor for postoperative morbidity and mortality, as reported in multiple studies (8, 9, 10, 11, 12, 13, 14). Our findings are also in line with a recent retrospective study by Enami et al. (8), which found that older age (≥79 years) was an independent predictor of postoperative complications after laparoscopic cholecystectomy. Similarly, Harino et al. (9) found that older age was associated with a higher risk of needing to convert a laparoscopic cholecystectomy to an open surgery.

On the other hand, we observed a significant protective effect of higher BMI against both mortality and composite morbidity. Furthermore, our analysis indicated that a higher age/BMI score elevated the adjusted risk for mortality and composite morbidity, although age remained the more prominent risk factor. Interestingly, we found that higher age/BMI score was a significant predictor of return to the operating room and the development of thromboembolism, while age alone was not. Our findings may challenge the conventional belief that obesity increases the risk of surgery, potentially leading to worse outcomes. This is supported by previous research, such as a study by Mullen et al. (4) on patients undergoing intra-abdominal cancer surgery. Mullen et al. found that obesity was only associated with superficial wound infections but not mortality, and that mild obesity may even be protective against mortality (4). Likewise, in a recent retrospective study on mortality and morbidity after laparoscopic cholecystectomy, Enami et al. (8) reported that obesity was not a risk factor for postoperative complications. This protective effect of BMI is consistent with the "obesity paradox," which is the observation that overweight and mildly obese people seem to have better outcomes than normal-weight people in certain situations, such as critical illness, congestive heart failure, and advanced coronary artery disease (15, 16, 17, 18). One possible explanation for the obesity paradox is that obese people have a low-grade chronic inflammation that primes their immune system to respond more effectively to the stress of surgery. This is in contrast to underweight people, who may have difficulty responding to stress due to underlying metabolic dysfunction and immunosuppression. Overall, our findings suggest that we need to reconsider the conventional wisdom that obesity increases the risk of surgery. More research is needed to understand the complex relationship between obesity and surgical outcomes.

We postulate that the association between lower BMI and the risk of mortality and morbidity observed in our study could be due to malnutrition. Rudasill et al. (19) investigated the role of malnutrition in morbidity and mortality in laparoscopic cholecystectomy and found that it was associated with an increased risk of morbidity and mortality. Similarly, Castillo-Angeles et al. (20) investigated the association of frailty with morbidity and mortality in 882,929 patients undergoing emergency general surgery and found that frailty was significantly associated with mortality. This finding may explain the higher risk of mortality and morbidity in our older patients with lower BMI.

Moreover, sarcopenia may explain the protective effect of higher BMI in older adults. A meta-analysis found that sarcopenia was associated with a higher risk of major adverse cardiovascular events in elderly patients with coronary artery disease who underwent cardiac surgery (21). Similarly, sarcopenia was associated with an increased risk of postoperative complications in patients undergoing gastrointestinal surgery (22). However, caution is needed, as the relationship between sarcopenia and BMI is complex (23).

The conclusions of this study must be considered along with its limitations, including those inherent to retrospective designs and the use of registry data. Specifically, the NSQIP data does not collect information on the underlying disease or condition that led to the surgery. Therefore, it is possible that our results may be confounded by the different indications for surgery in the study population. Additionally, our analysis focused only on laparoscopic cholecystectomy, a surgical procedure with a generally low risk of mortality and morbidity. Our findings may potentially apply to other low-risk surgical procedures, such as hernia repair, but may differ for surgeries with higher risk.



Conclusion

Older age, especially accompanied by a low BMI, appears to increase the risk of mortality and morbidity post-surgery in laparoscopic cholecystectomy patients, while paradoxically, a higher BMI seems to be protective. Our hypothesis is that a lower BMI, perhaps secondary to malnutrition, can carry a greater risk of surgery complications for the elderly. Age/BMI is strongly and positively associated with mortality and morbidity and could be used as a new scoring system for predicting outcomes in patients undergoing surgery. Nevertheless, laparoscopic cholecystectomy remains a very safe procedure with relatively low complication rates.
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Number
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Age/BMI Groups

Group 3

P value

89,130 217,192 1,04635 24,095
Age Mean (SD) 2905 (733) 4687 (11.31) 65.56 (9.65) 77.89 (827) <0.0001
Sex (female) N (%) 75,481 (84.72) 153,932 (7091) 61,194 (58.52) 14,414 (59.87) <0.0001
Height (inch) Mean (SD) 6447 (3.73) 65.09 (395) 65.44 (4.04) 64.98 (4.07) <0.0001
Weight (Ib) Mean (SD) 22695 (62.16) 193.57 (44.82) 16786 (31.00) 13734 (25.17) <0.0001
BMI Mean (SD) 3825 (9.10) 3203 (647) 2747 (3.90) 22.76 (291) <0.0001
Age/BMI 077 (0.15) 148 (0.28) 240 (0.27) 346 (044) <0.0001
OP time (min) Mean (SD) 6854 (43.64) 69.25 (48.08) 7242 (56.53) 73.25 (56.13) <0.0001
Race (white) N (%) 59,193 (66.41) 147,771 (68.04) 73,599 (70.34) 17,580 (72.96) <0.0001
BMI>30 N (%) 35,591 (24.91) 46,288 (28.72) 37,860 (33.94) 7,373 (37.96) <0.0001
Smoking N (%) 18,272 (2050) 38810 (17.87) 14,426 (13.79) 2,432 (10.09) <0.0001
Diabetes N (%) 5,258 (5.90) 26973 (1242) 19,153 (18.30) 3,892 (16.15) <0.0001
Hypertension N (%) 10,189 (11.43) 66,469 (30.60) 55,536 (53.08) 15,346 (63.69) <0.0001
Systemic sepsis in the previous 48 h N (%) 8599 (6.02) 10710 (664) 10,759 (9.65) 3,003 (15.46) <0.0001
Steroid use N (%) 1,409 (0.99) 3,324 (2.06) 3,59 (3.22) 678 (3.49) <0.0001
ASA IV/V N (%) 870 (0.98) 3,258 (1.50) 4,021 (385) 1,924 (8.00) <0.0001
Inpatient N (%) 33,092 (37.13) 79,461 (3659) 45,148 (43.15) 13352 (55.41) <0.0001
Transfusion N (%) 101 (0.11) 357 (0.16) 315 (0.30) 173 (0.72) <0.0001
Wound infection N (%) 1,270 (1.42) 6,175 (284) 5,680 (5.43) 1,698 (7.05) <0.0001
Dyspnea N (%) 2423 272) 8,022 (3.69) 5,938 (567) 1,922 (7.98) <0.0001
Congestive heart failure in the previous 30 days N (%) 104 (0.12) 764 (0.35) 909 (0.87) 424 (1.76) <0.0001
COPD N (%) 328 (037) 3,951 (1.82) 4,839 (4.62) 1,933 (8.02) <0.0001
Ascites N (%) 45 (0.05) 246 (0.11) 248 (024) 89 (0.37) <0.0001
Renal failure N (%) 32 (0.04) 277 (013) 306 (029) 91 (0.38) <0.0001
Bleeding disease N (%) 711 (0.080) 3,809 (1.75) 4,634 (4.43) 1,714 (7.11) <0.0001
Disseminated cancer N (%) 69 (0.08) 941 (0.43) 1,385 (1.32) 473 (1.96) <0.0001
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BMI Groups

Outcome >25-<30
Mortality N (%) 360 (0.46) 303 (0.24) 414 (0.18)
OR Unadj Reference 052 (0.44-0.60)" 039 (034-045)"
OR Adj Reference 060 (051-0.70)" 039 (033-045)"
Wound outcome N (%) 748 (0.95) 1,200 (0.94) 1875 (0.82)
OR Unadj Reference 099 (0.90-1.09) 0.86 (0.79-093)
OR Adj Reference 093 (0.82-1.07) 074 (0.65-0.84)"
Cardiac outcome N (%) 231 (029) 306 (0.24) 400 (0.17)
OR Unadj Reference 0.82 (0.69-097)" 059 (0.50-0.70)*
OR Adj Reference 0.79 (0.62-1.00)"" 057 (045-071)"
Respiratory outcome N (%) 736 (0.94) 985 (0.77) 1631 (0.71)
OR Unadj Reference 082 (0.75-0.90)" 076 (0.69-0.82)"
OR Adj Reference 099 (0.86-1.14) 085 (0.75-097)"
Urinary outcome N (%) 141 (0.18) 235 (0.18) 503 (0.22)
OR Unadj Reference 103 (0.83-1.27) 122 (101-1.47)
OR Adj Reference 1.00 (0.76-1.32) 1.23 (0.96-1.57)
CNS outcome N (%) 68 (0.09) 71 (0.06) 91 (0.04)
OR Unadj Reference 0.64 (0.46-0.90)" 046 (0.33-063)"
OR Adj Reference 057 (036-091)" 046 (0.30-0.70)"
Thromboembolism N (%) 207 (026) 313 (0.25) 667 (029)
OR Unadj Reference 093 (0.78-1.11) 110 (094-129)
OR Adj Reference 096 (0.75-1.24) 1.06 (0.85-1.33)
Sepsis N (%) 923 (1.18) 1,399 (1.10) 2,244 (0.98)
OR Unadj Reference 093 (0.86-1.02) 083 (0.77-0.89)"
OR Adj Reference 094 (0.84-1.06) 081 (0.72-090)
Return to OR N (%) 962 (1.23) 1,295 (1.02) 2,113 (0.92)
OR Unadj Reference 082 (0.76-0.90)" 075 (0.69-081)"
OR Adj Reference 0.88 (0.77-1.00) 0.74 (0.65-0.84)*
Composite morbidity N (%) 2,256 (288) 3,322 261) 5,595 (2.44)
OR Unadj Reference 091 (0.86-0.96)*" 084 (0.80-0.89)*
OR Adj Reference 091 (0.84-0.99) 079 (0.74-0.86)"
ariables considered and adjusted in the multivariate analysis were: underlying medical conditions fcongestive heart failure within 30 days prior (o surgery, severe COPD
acute renal failure (pre-operative), bleeding disorders, cancer, ascites within prior to surgeryl, (dialysis, ventilation, chemotherapy, radiation
therapy, and ASA classification.
*p<0.0001

**p < 0.05.
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Age Groups

Outcome <40 years 40-<60 years >80 years
Mortality N (%) 41 (0.03) 176 (0.11) 463 (042) 397 (2.04)
OR Unadj Reference 381 (2.71-535)" 1452 (1055-19.99)" 7271 (52.70-10032)"
OR Adj Reference 220 (1.56-3.10)" 466 (3.35-6.47)" 1606 (11.48-22.45)"
Wound outcome N (%) 530 (037) 1,191 (0.74) 1,719 (154) 383 (1.97)
OR Unadj Reference 200 (1.81-2.22) 421 (381-4.64)° 540 (473-617)"
OR Adj Reference 153 (1.28-1.83)° 213 (1.79-2.53) 191 (153-2.38)"
Cardiac outcome N (%) 32 (0.02) 170 (0.11) 512 (0.46) 223 (1.15)
OR Unadj Reference 471 (3.23-688)" 20,59 (14.40-29.43)" 5186 (35.79-75.14)"
OR Adj Reference 2.15 (1.23-3.77)** 453 (2.66-7.73)* 7.04 (4.04-1227)*
Respiratory outcome N (%) 337 (024) 786 (0.49) 15587 (142) 642 (331)
OR Unadj Reference 2.07 (1.82-2.36)" 6.11 (5.43-6.87)" 14.46 (12.66-16.51)"
OR Adj Reference 1.13 (1.15-1.78)** 202 (1.64-2.48)* 227 (1.81-2.86)"
Urinary outcome N (%) 54 (0.04) 223 (0.14) 449 (040) 153 (0.79)
OR Unadj Reference 367 (272-493)" 1069 (8.06-14.18)" 2101 (15.40-28.66)*
OR Adj Reference 279 (1.77-4.41)* 2.56 (1.57-4.19)*
CNS outcome N (%) 11 (0.01) 36 (0.02) 78 (0.40)
OR Unadj Reference 2,90 (1.48-5.70)"" 1224 (6.58-22.78)" 52.38 (27.86-98.49)"
OR Adj Reference 180 (0.65-4.99) 536 (211-13.65)" 1362 (523-35.50)*
‘Thromboembolism N (%) 196 (0.14) 358 (0.22) 477 (0.43) 156 (0.80)
OR Unadj Reference 1.62 (1.36-1.93)* 3.13 (2.65-3.69)* 5.90 (4.78-7.28)"
OR Adj Reference 135 (0.99-1.84) 182 (1.35-2.45)" 230 (162-327)"
Sepsis N (%) 476 (033) 1201 (0.75) 2,170 (1.95) 719 (370)
OR Unadj Reference 225 (2.02-2.50)° 5.94 (5.37-6.56)" 1150 (10.235-12.93)*
OR Adj Reference 172 (145-2.05)° 228 (1.88-2.77)"
Return to OR N (%) 979 (0.69) 1,391 (0.86) 1,629 (1.46) 371 (1.91)
OR Unadj Reference 126 (1.16-1.37)* 215 (1.98-2.33)* 2.82 (250-3.19)"
OR Adj Reference 112 (0.96-1.30) 136 (116-1.58)" 121 (099-1.19)
‘Composite morbidity N (%) 1,330 (0.93) 3,039 (1.89) 5,096 (4.457) 1,708 (8.79)
OR Unadj Reference 205 (1.92-2.18)" 5.10 (4.80-5.42)" 10.26 (954-11.05)*
OR Adj Reference 1.54 (1.38-1.72)* 2.11 (1.89-2.35)* 235 (2.07-2.67)"
ariables considered and adjusted in the multivariate analysis were: underlying medical conditions fcongestive heart failure within 30 days prior (o surgery, severe COPD
acute renal failure (pre-operative), bleeding disorders, cancer, ascites within prior to surgery], (dialysis, ventilation, chemotherapy, radiation
therapy, and ASA classification.
*p<0.0001

**p < 0.05.
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4(035)

48 (0.20)
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3(017)

49 (0.14)

305 (0.17)
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Age/BMI Groups

Outcome Group 1 Group 2 Group 3 Group 4
Mortality N (%) 35 (0.04) 235 (0.11) 428 (041) 379 (157)
OR Unadj Reference 276 (1.93-3.93) 10.46 (7.41-14.76)* 40.68 (28.77-57.53)"
OR Adj Reference 226 (1.57-324)" 501 (3.52-7.13) 1313 (9.19-18.77)*
‘Wound outcome N (%) 361 (0.41) 1,555 (0.72) 1,440 (1.38) 467 (1.94)
OR Unadj Reference 177 (1.58-199)" 343 (3.06-385)" 486 (423-558)"
OR Adj Reference 184 (149-2.27)° 245 (1.98-3.02)°
Cardiac outcome N (%) 20 (0.02) 261 (0.12) 438 (0.42) 218 (0.90)
OR Unadj Reference 536 (3.40-8.45)" 18.73 (1196-29.32)* 4068 (25.73-64.32)
OR Adj Reference 343 (1.74-6.78)* 5.93 (3.03-11.63)* 8.66 (4.36-17.19)*
Respiratory outcome N (%) 254 (028) 1,121 (052) 1,348 (129) 629 (261)
OR Unadj Reference 182 (158-2.08)" 457 (3.99-5.22)" 938 (8.10-10.86)"
OR Adj Reference 161 (127-2.03)" 2.05 (1.62-2.59) 231 (1.80-2.96)"
Urinary outcome N (%) 56 (0.06) 340 (0.16) 373 (0.36) 110 (0.46)
OR Unadj Reference 249 (1.88-331)" 5.69 (430-1007)" 7.30 (5.29-1007)*
OR Adj Reference 174 (114-266)"" 174 (113-2.66)" 127 (079-2.04)
CNS outcome N (%) 9 (0.01) 54 (0.02) 95 (0.09) 72 (030)
OR Unadj Reference 246 (1.22-4.98)" 899 (454-17.82)" 29.66 (14.84-59.32)"
OR Adj Reference 154 (059-4.02) 334 (132-847) 7.6 (2.98-19.70)"
‘Thromboembolism N (%) 154 (0.17) 483 (022) 402 (038) 148 (0.61)
OR Unadj Reference 129 (1.07-1.54)** 223 (1.85-2.68)" 3.57 (2.85-4.48)*
OR Adj Reference 142 (102-199)" 172 (122-2.4)" 192 (131-2.82)
Sepsis N (%) 347 (039) 1,689 (0.78) 1817 (1.74) 713 (296)
OR Unadj Reference 201 (1.79-225)" 452 (4.03-5.07)° 7.80 (6.86-8.88)"
OR Adj Reference 178 (147-2.16)" 225 (1.85-272)" 251 (203-3.10)*
Return to OR N (%) 637 (0.71) 1,869 (0.86) 1,386 (1.32) 478 (1.98)
OR Unadj Reference 121 (1.10-1.32)* 1.87 (1.70-2.05)" 281 (250-3.17)*
OR Adj Reference 1.22 (1.03-1.45)** 1.42 (1.19-1.69)* 1.55 (1.26-1.91)*
‘Composite morbidity N (%) 974 (1.09) 4,183 (1.93) 4,314 (4.12) 1,702 (7.06)
OR Unadj Reference 178 (166-1.91)° 389 (3.63-4.18)" 688 (6.35-7.45)"
OR Adj Reference 1.71 (1.51-1.94)* 2.16 (1.91-2.46)" 257 (2.23-2.95)*
“Variables considered and adjusted in the multvriate analysis were: undertying medical conditions [congestive heart failure within 30 days prior o surgery. severe COPD,
acute renal failure (pre-operative), bleeding disorders, cancer, ascites within prior to surgery], (dialysis, ventilation, chemotherapy, radiation
therapy, and ASA classification.
“p<0.0001

**p < 0.05.
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