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The controlling nutritional status score predicts postoperative mortality in patients with ruptured abdominal aortic aneurysm: a retrospective study
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Background: Ruptured abdominal aortic aneurysms (rAAAs) are challenging for vascular surgeons because they have a high mortality rate. In many diseases, nutritional status is closely associated with prognosis. The Controlling Nutritional Status (CONUT) screening tool score is a prognostic factor in some malignant and chronic diseases; however, the impact of nutritional status on rAAA has not yet been reported. In this study, we explored the relationship between the CONUT score and the postoperative prognosis of patients with rAAA.



Methods: This was a retrospective review of 39 patients with rAAA who underwent surgical treatment from March 2018 to September 2021 at one center. Patient characteristics, nutritional status (CONUT score), and postoperative status were recorded. The patients were divided into groups A and B based on the CONUT score. The baseline characteristics of the two groups were compared, and Cox proportional hazards and logistic regression analyses were used to determine independent predictors of mid-term mortality and complications, respectively.



Results: The overall mid-term mortality rate was 28.21% (11/39). Compared with group A, group B had higher intraoperative (P = 0.047) and mid-term mortality (P = 0.033) rates. The univariate analysis showed that age [hazard ratio (HR), 1.098; 95% confidence interval (CI), 1.019–1.182; P = 0.014], CONUT score (HR, 1.316; 95% CI, 1.027–1.686; P = 0.03), and surgical procedure (HR, 0.127; 95% CI, 0.016–0.992; P = 0.049) were associated with mid-term mortality, whereas the multivariate analysis showed that the CONUT score (HR, 1.313; 95% CI, 1.009–1.710; P = 0.043) was an independent predictor of mid-term mortality. The multivariate logistic regression analysis did not reveal any associations with complications. The Kaplan–Meier curves showed that group B had a lower mid-term survival rate (log-rank P = 0.024).



Conclusion: Malnutrition is closely associated with the prognosis of patients with rAAA, and the CONUT score can be used to predict mid-term mortality.
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Introduction

Abdominal aortic aneurysm (AAA) is defined as an abdominal aorta diameter of >3 cm or ≥50% greater than the normal diameter as a result of irreversible pathological dilation (1). Ruptured AAA (rAAA), which is one of the most dangerous conditions in vascular surgery, has an extremely high mortality rate (1, 2) of up to 81% according to a recent report from the USA Preventive Services Task Force (3). The vast majority of deaths attributed to rupture occur before patients reach the operating room; however, the postoperative mortality rate still reportedly exceeds 40% (4). Some patients who reach the hospital alive forgo surgery because of the high cost, or they cannot undergo surgery because of the presence of serious comorbidities, including cardiovascular insufficiency.

AAA is a chronic degenerative disease of older individuals. Similarly, malnutrition is common in older patients with chronic diseases. In our clinical practice, we have observed that malnourished patients with rAAA have a high mortality rate. We therefore hypothesized that nutritional status is a prognostic factor in patients with rAAA.

The Controlling Nutritional Status (CONUT) tool for classifying nutritional status has attracted much attention recently (5). The CONUT score is a prognostic predictor in patients with some malignant or chronic diseases, such as end-stage liver disease (6) and acute heart failure (7). The CONUT score is also associated with disease activity in patients with lupus nephritis (8). In addition, the CONUT score is associated with prognosis and the treatment response in oncology (9–12). Most patients with rAAA have hypertension and are of an older age, which is consistent with the finding that a low CONUT score is directly associated with poor survival in older hospitalized patients with hypertension (13, 14).

The aim of this study was to evaluate the association between the CONUT score and prognosis, including death, in patients with rAAA. The CONUT score was calculated from preoperative laboratory test findings.



Methods


Study cohort

This was a single-center retrospective review of patients with rAAA. The study protocol conformed to the ethical guidelines of the Declaration of Helsinki and was approved by the Ethics Committee of Nanjing Drum Tower Hospital affiliated to Nanjing University School. All patients provided written informed consent for surgery.

From March 2018 to September 2021, 45 patients with rAAA were admitted to our center as emergency cases. Six of the 45 patients were not managed surgically because of their poor physical condition. Endovascular aneurysm repair (EVAR) was performed in 22 patients, and open surgical repair (OSR) was performed in 17 patients. The 39 patients with rAAA were divided into two groups (Figure 1) according to the cut-off CONUT score: group A (CONUT score of 0–7, n = 25) and group B (CONUT score of 8–12, n = 14).
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FIGURE 1
Flowchart of patients.




Data collection and follow-up

We reviewed the clinical data of all patients, including their baseline characteristics (e.g., age, sex, comorbidities, smoking status, medication history); preoperative and postoperative laboratory findings (e.g., routine blood tests, coagulation function, liver and kidney function, postoperative B-type natriuretic peptide); surgical data (e.g., surgical method, surgical time, intraoperative blood transfusion, intraoperative blood loss); postoperative status (e.g., surgical complications, anesthesia recovery period, length of intensive care unit stay); and total hospitalization cost.

Postoperative follow-up mainly comprised regular physical examination and abdominal computed tomography. When the patient had stopped attending for follow-up, we contacted the patient or their family to determine their current status. Patients who were followed up at other institutions were contacted by telephone to obtain the required data.



Clinical endpoints

The primary endpoint was mid-term mortality. The secondary endpoints were surgical complications, including acute organ injury, bleeding, and ischemia–reperfusion; implant-related complications, including stent rupture, leakage, implant infection, and vascular occlusion; and reoperation.



Definitions

The CONUT scoring system was first proposed by de Ulibarri et al. in 2005 (5). The CONUT score is calculated by adding together the preoperative albumin concentration, lymphocyte count, and cholesterol concentration (Table 1). Patients were divided into four groups based on their CONUT scores. A CONUT score of 0–1 was classified as denoting a normal nutritional status, and CONUT scores of 2–4, 5–8, and 9–12 were classified as mild, medium, and severe malnutrition, respectively.


TABLE 1 Controlling nutritional status (CONUT) scores.
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Statistical analysis

Normally distributed continuous variables are presented as the mean ± standard deviation. Non-normally distributed continuous variables are represented as the median [interquartile range (IQR)]. Categorical variables are presented as the number of patients (%). Independent and paired-samples t-tests, the Mann–Whitney U test, and analysis of variance were used for comparisons. The receiver operating characteristic (ROC) curve analysis was used to determine the cut-off value for the grouping. Survival rates were analyzed by the Kaplan–Meier method and the log-rank test. Correlations between patient characteristics and mortality were examined using Cox proportional hazards models. Surgical complications were analyzed by logistic regression. After the univariate analysis, any variable with a P value of <0.05 was entered into the multivariate analysis. All baseline characteristics, other studied variables, and comorbidities were incorporated into the Cox proportional hazards and logistic regression models to determine which factors were associated with mortality and postoperative complications. A P value of <0.05 was considered statistically significant. Data analysis was performed using SPSS 26.0 (IBM Corp., Armonk, NY, US).




Results


Patients' characteristics

The study cohort comprised 39 patients with rAAA. According to the CONUT score, all patients had varying degrees of malnutrition; 16 of 39 patients had mild malnutrition (41.0%), 15 had medium malnutrition (38.5%), and 8 had severe malnutrition (20.5%). Eleven patients died during follow-up, and the ROC curve was drawn according to the CONUT score to predict the time of death (Figure 2). The area under the ROC curve was 0.737 (95% CI, 0.568–0.906; P = 0.023), the cut-off CONUT score for determining the grouping was 7.5, the sensitivity was 0.636, and the specificity was 0.75. The study cohort comprised 39 patients with rAAA divided into two groups (Figure 1) according to the cut-off CONUT score: group A (CONUT score of 0–7, n = 25) and group B (CONUT score of 8–12, n = 14).
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FIGURE 2
ROC curve analysis for survival rate.


The patients' characteristics are shown in Table 2. The mean age of the patients in group A was 66.12 ± 11.52 years and in group B was 69.57 ± 7.30 years (P = 0.319). Most of the patients were male. Interestingly, the absence of women in group B, the group with a worse nutritional status, may indicate that older men have a poorer nutritional status than women, similar to the findings of a previous report (13). The median CONUT score was 4 (IQR, 3–6) in group A and 9.5 (IQR, 8–10) in group B (P < 0.001). Significant differences in serum albumin and total cholesterol were observed between the two groups (P < 0.001). In addition, the postoperative estimated glomerular filtration rate was significantly lower in group B than in group A (P = 0.009), indicating that postoperative renal function was worse in group B. This may account for the higher mortality rate in group B than in group A. Finally, patients in group B had a longer length of hospital stay than those in group A (P = 0.017) because patients with a poor nutritional status tended to take longer to adjust their physical function after surgery. No significant differences in other basic characteristics were observed between the two groups.


TABLE 2 Basic characteristics of included patients.
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Complications and reoperation

Postoperative complications were identified in 19 patients, including 13 patients in group A and 6 patients in group B (Table 3). The difference was not statistically significant (P = 0.741). In group A, one patient developed an unexplained pulmonary vein embolism on postoperative day 8, four had acute postoperative renal insufficiency, two had pleural effusion caused by cardiac insufficiency, one had gastrointestinal bleeding caused by a stress ulcer accompanied by pulmonary ischemia–reperfusion injury on postoperative day 2, one had epilepsy of unknown cause on postoperative day 3, and one developed an incisional hernia in the sixth postoperative month. In addition, there was one case of type II stent leakage on postoperative day 9. There was also one case of type II stent leakage 3 months postoperatively and one case of stent rupture 1 month postoperatively, which was identified on postoperative computed tomography at follow-up, and both of these cases required reoperation. Moreover, one patient developed implant infection 6 months after surgery, which progressed to fatal sepsis. In group B, three patients were diagnosed as having Kidney Disease Improving Global Outcomes 3 acute postoperative kidney injury that improved with treatment, one had intestinal ischemic necrosis and pulmonary edema, one had a bleeding tendency that improved after emergency platelet transfusion, and two had different degrees of lung ischemia–reperfusion injury. Two of these patients required reoperation for implant-related or other vascular complications. According to the univariate logistic regression analysis, hypertension and long-term preoperative use of hypotensive agents were associated with complications or reoperation. However, according to the multivariate analysis, there were no significant independent associations (Table 4), which may be attributable to the small sample size.


TABLE 3 Patient's clinical end points.
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TABLE 4 Logistic regression analysis of postoperative complications and reoperation.
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Intraoperative mortality

Five patients died during surgery (12.82%), and the analysis revealed a significant difference between group A and B (P = 0.047). Four patients in group B died of persistent hypotension that could not be resolved by blood transfusion and fluid rehydration. One patient in group A demonstrated iliac artery occlusion intraoperatively, prompting the surgeon to consider OSR. However, when informed of the situation, his family decided to cease active treatment.



Mid-term mortality

The mean duration of follow-up was 16.03 ± 12.11 months. The overall survival rate during follow-up was 71.79% (79.49% and 76.92% at 6 and 12 months, respectively) (Figure 3). The mean duration of follow-up in group A and group B was 17.16 ± 11.26 months and 14.00 ± 13.69 months, respectively. The difference between the two groups was not statistically significant (P = 0.422). However, on further analysis, we found that group B had a higher mid-term mortality rate than group A (P = 0.033).


[image: Figure 3]
FIGURE 3
Kaplan–Meier curves for overall survival rate.


In addition to intraoperative deaths, two patients in group A died of aneurysm rupture and another died of severe lung infection 14 months after surgery. Three patients in group B died at 4, 14, and 15 months after surgery for multiple-organ failure, severe pulmonary infection, and exacerbation of renal failure, respectively. Kaplan–Meier survival curves were constructed using the follow-up data. As shown in Figure 4, the survival rates were significantly lower in group B than in group A (log-rank, P = 0.024).


[image: Figure 4]
FIGURE 4
Kaplan Meier curves for midterm survival were compared among the two groups.


We used the Cox proportional hazards model to predict risk factors for mortality. The univariate analysis showed that age (HR, 1.098; 95% CI, 1.019–1.182; P = 0.014), CONUT score (HR, 1.316; 95% CI, 1.027–1.686; P = 0.03), and surgical procedure (HR, 0.127; 95% CI, 0.016–0.992; P = 0.049) were risk factors for mortality. The multivariate analysis using these three factors showed that the CONUT score (HR, 1.313; 95% CI, 1.009–1.710; P = 0.043) was an independent risk factor for mortality in patients with rAAA (Table 5).


TABLE 5 Cox regression analysis for risks of midterm mortality.
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Discussion

rAAAs are often lethal, with most deaths occurring because the patient does not make it to the operating room. Lindholt et al. found that the mortality rate of patients without surgical intervention could reach 100% (15). The latest Society for Vascular Surgery guidelines indicate that patients with rAAA require immediate emergency surgery, and the window for successful intervention is no more than 90 min (16, 17). Despite surgical treatment, the inpatient mortality rate is still as high as 40% (4). Our findings are consistent with these data. Six of the 45 patients who were admitted to our center for rAAA from March 2018 to September 2021 were unable to undergo surgical treatment because of their poor physical condition or financial factors. The remaining 39 patients underwent emergency surgery, and the postoperative mortality rate of these patients was 28.21% (11/39).

Previous attempts to identify prognostic factors in patients with rAAA have focused on surgical procedures. Several studies have shown that the annual decline in morbidity with rAAA in Europe and the United States over the past 20 years is closely related to the increasing proportion of patients undergoing EVAR (18, 19). Several randomized controlled trials have shown EVAR to be significantly superior to OSR in terms of early survival; however, there is no statistically significant difference in long-term survival between these procedures (20–22). Of note, both of these studies included patients with AAA, whether ruptured or unruptured. However, for rAAA alone, three recent large randomized controlled trials have found no clear evidence that EVAR is superior to OSR in terms of early survival (23–25). Interestingly, in the present study, we found that mid-term mortality of patients with rAAA was related to the surgical method (P = 0.049). Specifically, patients who underwent OSR had higher postoperative mortality than those who underwent EVAR. However, these results may be directly related to the small sample size or to subjective biases in the surgeons' choices of procedure.

In this retrospective analysis, we first proposed a correlation between nutritional status and the prognosis of patients with rAAA. Nutritional status is a good indicator of both a patient's overall general condition and their immune and metabolic capacity. The CONUT screening tool score has been shown to predict the outcomes of malignant, chronic, and cardiovascular diseases (6, 7, 13, 14, 26). In this study, we found that 58.97% of patients with rAAA (23/39) had moderate or severe malnutrition, which may have been caused by prior massive bleeding from rAAA. The mid-term mortality of these patients was as high as 34.78% (8/23), which was much higher than that of patients who were at a normal or low risk (18.75%, 3/16). The univariate and multivariate analyses to identify predictors of mortality from any cause found that the CONUT score was an independent predictor of mid-term mortality (HR, 1.313; P = 0.043), suggesting that nutritional status influences the outcomes of patients undergoing surgical treatment for rAAA. Moreover, the logistic regression analysis showed that a high CONUT score was not associated with postoperative complications. The findings of previous studies investigating the correlations between the CONUT score and postoperative complications have been conflicting. Kodama et al. reported that the CONUT score predicts not only overall survival after OSR in patients with AAA, but also postoperative complications (27). Interestingly, in their study of radical hepatectomy for intrahepatic cholangiocarcinoma, Miyata et al. (28) found that a high CONUT score was associated with poorer postoperative overall survival, but not with postoperative complications, which is consistent with our findings.

Possible explanations for the high mortality rate among malnourished rAAA patients include the following. Malnutrition is often closely associated with frailty, which is defined as a clinically identifiable state of increased vulnerability and dysfunction (29, 30). Additionally, nutritional status partly reflects the development of inflammation (31–33), which promotes cytokine production and muscle catabolism, suppresses appetite, and lowers the albumin concentration (34). Reduced albumin may increase blood viscosity and activate platelets, leading to a deterioration in endothelial function (35). Furthermore, a previous study showed a relationship between nutritional status and C-reactive protein and interleukin-6 concentrations in humans (36). Moreover, the maximum diameter of AAA is positively correlated with the concentrations of interleukin-6, C-reactive protein, and other inflammatory factors (37). Cytokines secreted by inflammatory cells can damage tissues, causing the walls of blood vessels to become less elastic and eventually rupture (38). There have been no specific reports on the prognostic value of serum total cholesterol in cardiovascular disease, but low cholesterol is associated with a poor prognosis in a variety of cancers (39, 40). Therefore, it could be speculated that patients with a low total cholesterol concentration have a worse underlying condition and more comorbidities.

To the best of our knowledge, this is the first study to propose that nutritional status plays an important role in the prognosis of patients with rAAA, and that the CONUT score can predict mid-term mortality. In this study, malnutrition was common in patients with rAAA, and as malnutrition became more severe, mid-term mortality increased. Therefore, we suggest that clinicians should integrate the recognition of malnutrition into their daily practice and focus on nutritional health education for patients with AAA with the aim of reducing mortality.

This study has some limitations that should be noted. First, it was a single-center retrospective study. Furthermore, because most patients with rAAA die on the way to hospital, the study cohort was small. Second, updating our hospital's medical record system resulted in loss of case data from before March 2018. Additionally, because most of the patients were transferred from primary hospitals, we lacked some preoperative laboratory tests, despite attempting to collect as much information as possible through telephone follow-up. Therefore, we had no choice but to abandon some aspects of the preoperative examination and focus on postoperative data. Third, there was selection bias in the procedures performed, which were chosen mainly based on the personal judgment of the surgeon. Thus, we could not validly investigate the relationship between the surgical procedure and the prognosis of the patients. In addition, because of the rapid onset and urgency of rAAA, we lacked detailed preoperative imaging findings concerning the anatomical features of the aorta in some patients. Fourth, follow-up was limited; therefore, further studies are needed to understand the impact of nutritional status on long-term clinical outcomes. Finally, we did not compare the prognostic value of the scores obtained from other nutritional screening tools in these patients; however, a previous study showed that the CONUT score has good predictive performance in patients with AAA (27). To validate the effect of nutritional status on patient prognosis, further investigation in different clinical settings will be necessary. Therefore, we advocate that future studies should examine the potential role of nutritional status assessment. Further research is also needed to determine whether malnourished patients benefit from nutritional supplements.



Conclusion

rAAA has a high mortality rate, and nutritional status is associated with mid-term mortality. The score of the new nutritional screening tool, CONUT, is easy to determine in clinical practice. Based on our study, the CONUT score may play a prognostic role in rAAA. Clinicians should focus on patients' nutritional status and educate patients about good nutritional practices to improve their outcomes. Future large multi-center studies are needed to confirm our findings.
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