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Association Between Pre-operative BUN and Post-operative 30-Day Mortality in Patients Undergoing Craniotomy for Tumors: Data From the ACS NSQIP Database
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Objective: There is limited evidence to clarify the specific relationship between pre-operative blood urea nitrogen (BUN) and post-operative 30-day mortality in patients undergoing craniotomy for tumors. Therefore, we aimed to investigate this relationship in detail.

Methods: Electronic medical records of 18,642 patients undergoing craniotomy for tumors in the ACS NSQIP from 2012 to 2015 were subjected to secondary retrospective analysis. The principal exposure was pre-operative BUN. Outcome measures were post-operative 30-day mortality. We used binary logistic regression modeling to evaluate the association between them and conducted a generalized additive model and smooth curve fitting (penalized spline method) to explore the potential relationship and its explicit curve shape. We also conducted sensitivity analyses to ensure the robustness of the results and performed subgroup analyses.

Results: A total of 16,876 patients were included in this analysis. Of these, 47.48% of patients were men. The post-operative 30-day mortality of the included cases was 2.49% (420/16,876), and the mean BUN was 16.874 ± 6.648 mg/dl. After adjusting covariates, the results showed that pre-operative BUN was positively associated with post-operative 30-day mortality (OR = 1.020, 95% CI: 1.004, 1.036). There was also a non-linear relationship between BUN and post-operative 30-day mortality, and the inflection point of the BUN was 9.804. For patients with BUN < 9.804 mg/dl, a 1 unit decrease in BUN was related to a 16.8% increase in the risk of post-operative 30-day mortality (OR = 0.832, 95% CI: 0.737, 0.941); for patients with BUN > 9.804 mg/dl, a 1 unit increase in BUN was related to a 2.8% increase in the risk of post-operative 30-day mortality (OR = 1.028, 95% CI: 1.011, 1.045). The sensitivity analysis proved that the results were robust. The subgroup analysis revealed that all listed subgroups did not affect the relationship between pre-operative BUN and post-operative 30-day mortality (P > 0.05).

Conclusion: Our study demonstrated that pre-operative BUN (mg/dl) has specific linear and non-linear relationships with post-operative 30-day mortality in patients over 18 years of age who underwent craniotomy for tumors. Proper pre-operative management of BUN and maintenance of BUN near the inflection point (9.804 mg/dl) could reduce the risk of post-operative 30-day mortality in these cases.
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BACKGROUND

Craniotomies are the cornerstone of intracranial tumor treatment. However, craniotomies with the removal of brain tumors display significant complications and mortality (1, 2). The post-operative 30-day mortality is widely regarded as a predictor of surgical risk after craniotomy (3, 4). The reported 30-day mortality after intracranial tumor surgery is 2.3–3.2% (2, 5, 6). Blood urea nitrogen (BUN), a product of the metabolism of nitrogen compounds, was described to be associated with mortality in various human diseases. Elevated BUN regarding renal dysfunction is associated with the increased risk of incident diabetes (7) and mortality in cardiovascular diseases (8–10). A non-linear correlation between BUN and post-operative 30-day mortality was reported in patients with sepsis (11). BUN has a predictive value of prognostic risk in laparotomy for strangulated small bowel obstruction (12) and post-operative stroke risk after cardiac surgical procedures (13).

Low BUN may indicate insufficient protein intake (14). Inadequate protein intake could result in poor nutritional status. Nutritional status is closely related to the prognosis of cancer patients (15, 16). To date, the relationship between pre-operative BUN and post-operative 30-day mortality has yet to be explored in patients undergoing craniotomies for brain tumors. Thus, this study was designed to examine the relationship between pre-operative BUN and post-operative 30-day mortality in cross-sectional study data from a large US population with brain tumors (age > 18 years). This study may provide guidance for clinical practice by clarifying the quantitative relationship between them.



PARTICIPANTS AND METHODS


Study Design

This cross-sectional study utilized data from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) database, from records between 2012 and 2015. Our independent variable was pre-operative BUN. The dependent variable was post-operative 30-day mortality.



Data Source

The data studied were obtained from the ACS NSQIP database originally uploaded by Jingwen Zhang et al. [data from (4)]. The original study was an open access article distributed under a Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. Therefore, these data could be used for secondary analysis without infringement on the authors' rights.



Participants

A total of 18,642 adults with brain tumors were included in the original study. After excluding patients with missing values for BUN (N = 1,532) and outliers (defined as values more than ± 3 standard deviations from the mean) (N = 234), 16,876 cases were included in our analysis (as shown in Figure 1). Consent forms from participants were not required because our study was based on a secondary analysis of previously collected data and the original personal information was anonymous.
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FIGURE 1. Flowchart of study participant selection.




Variables
 
BUN

The pre-operative BUNs (mg/dl) were recorded as continuous variables in the original study (4). Data collected include pre-operative risk factors (i.e., BUN), comorbidities, procedures performed by the Current Procedural Terminology (CPT) code, and post-operative complications occurring within 30 days of the index operation.




Post-operative 30-Day Mortality

The post-operative 30-day mortality was defined as mortality that occurred in the first 30 post-operative days (4). NSQIP tracked mortality, readmissions, and reoperation after discharge for the first 30 post-operative days.



Covariates

In our study, covariates were selected according to our clinical experience and the previous literature. Thus, the following variables were treated as covariates: (1) continuous variables: pre-operative blood test indicators (serum sodium (Na), creatinine (Cr), white blood cell (WBC) count, hematocrit (HCT), platelet (PLT) count), BMI, and duration of the operation and (2) categorical variables: sex (female or male), race (Asian, white, African American, or unknown), age ranges (18–40, 41–60, 60–80, >80 years), smoking status, ventilator dependence, steroid use, pre-operation transfusions, and emergency case status, and a history of diabetes [no, yes (non-insulin-dependent), or yes (insulin-dependent)], severe chronic obstructive pulmonary disease (COPD), renal failure, congestive heart failure (CHF), hypertension, disseminated cancer, American Society of Anesthesiologists physical status classification (ASACLAS), and open wound infection [BMI = weight in kilogram divided by height in meter squared (kg/m2)]. More specific details are presented in the original study (4).



Statistical Analysis

The number of participants with missing values for height, weight, and Na was 594 (3.52%), 299 (1.77%), and 197 (1.16%), respectively. The missing values were replaced by the mean value for statistical analysis.

We stratified the participants by quartiles of BUN. The mean ± SD (normally distributed variables) or median (interquartile range; non-normally distributed variables) was reported for continuous variables, and frequencies and percentages were presented for categorical variables. We used χ2-tests (categorical variables), one-way ANOVAs (normally distributed variables), or Kruskal–Wallis H-tests (non-normally distributed data) to test for significant differences among different BUN groups. To examine the link between BUN and post-operative 30-day mortality, three distinct univariate and multivariate binary logistic regression models were constructed according to the STROBE statement guidelines, including a non-adjusted model (no covariates were adjusted), a minimally adjusted model (adjusted for sex, race, and age range), and a fully adjusted model (adjusted for sex, race, age ranges, BMI, diabetes, smoke, severe COPD, hypertension, renal failure, dialysis, disseminated cancer, open wound infection, emergency case, bleeding disorders, Na, Cr, HCT, WBC, PLT, ASACLAS, and steroid use; covariates are presented in Table 1). Effect sizes (OR) and their 95% confidence intervals (CIs) were recorded. We adjusted the effect sizes when co-variances were added to the model and the matched hazard ratio was changed by 10% or more (17).


Table 1. Baseline characteristics of participants.
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The non-linear relationship between BUN and post-operative 30-day mortality was addressed using a generalized additive model (GAM) and smooth curve fitting (penalized spline method). If non-linearity was detected, we first calculated the inflection point using a recursive algorithm and then constructed a piecewise binary logistic regression model with one piece on each side of the inflection point. The log-likelihood ratio test was employed to determine the most suitable model for describing the association between BUN and post-operative 30-day mortality.

Several sensitivity analyses were conducted to test the robustness of our results. We converted BUN into a categorical variable according to its quartiles and calculated the P-value for each trend to verify the results of using BUN as a continuous variable and examine the possibility of non-linearity. We also explored the potential for unknown confounds in the relationship between BUN and post-operative 30-day mortality by calculating E-values (18). As brain tumor patients with dialysis and renal failure may influence the relationship between pre-operative BUN and post-operative 30-day death in this study, we excluded patients with dialysis and (or) renal failure and performed another multivariate analysis to verify the robustness of our findings. All results were reported according to the STROBE statement guidelines (17, 19).

Modeling was performed with EmpowerStats (http://www.empowerstats.com, X and Y Solutions, Inc., Boston, MA) and the statistical software package R (http://www.R-project.org, The R Foundation). P-values < 0.05 (two-sided) were considered statistically significant.




RESULTS


Baseline Characteristics of Participants

Baseline characteristics of 16,876 participants based on the quartiles of BUN are shown in Table 1. Notably, 47.38% of patients who participated was men. The age distribution proportions were 16.11% (18–40 years), 41.76% (41–60 years), 39.00% (61–80 years), and 3.14% (>81 years). The mean BUN was 16.874 ± 6.648 mg/dl. The post-operative 30-day mortality of the included cases was 2.49% (420/16,876). We assigned participants into subgroups using BUN quartiles as follows: Q1 (1.000–12.000 mg/dl), Q2 (12.000–16.000 mg/dl), Q3 (16.000–19.900 mg/dl), and Q4 (20.000–42.297 mg/dl). Comparing participants with a lower BUN (1.000–12.000 mg/dl), the higher BUN (20.000–42.297 mg/dl) was significantly positively correlated with sex, age range, race, BMI, pre-operative blood test indicators (serum Na, BUN, WBC, HCT, and PLT), diabetes, smoking status, severe COPD, hypertension, renal failure, dialysis, disseminated cancer, open wound infection, steroid use, bleeding disorders, emergency case, and ASACLAS (all P-values < 0.05).



Univariate Analyses Using a Binary Logistic Regression Model of Other Factors

The univariate analysis indicated that patients who were female (OR = 0.772, 95% CI: 0.634–0.941), of unknown race, 41–60 years old, 61–80 years old, >81 years old, BMI, levels of Na, creatinine, WBCs, HCT, and PLTs, and who had diabetes (Insulin-dependent), severe COPD, hypertension, renal failure, disseminated cancer, open wound infection, steroid use, bleeding disorders, emergency cases, were positively associated with post-operative 30-day mortality. In contrast, patients, who were Asian or African American, had creatinine, had diabetes (non-insulin-dependent), were smoking, and had dialysis, were negatively associated with post-operative 30-day mortality (refer to the Supplementary Table for details).



Multivariate Analyses Using the Binary Logistic Regression Model

To investigate the correlation between BUN and post-operative 30-day mortality, we constructed three models using binary logistic regression models. In the non-adjusted model, an increase of 1 unit of BUN was related to a 6.6% increase in post-operative 30-day mortality (OR = 1.066, 95% CI: 1.053–1.080). The results were statistically significant. In the minimally adjusted model, when the authors only adjusted for sex, race, age ranges, each additional unit of BUN increase could lead to elevated post-operative 30-day mortality by 4.3% (OR = 1.043, 95% CI: 1.029–1.058). The findings on the link between BUN and post-operative 30-day mortality obtained from the model were statistically significant. In the fully adjusted model, each additional BUN unit was accompanied by a 2.0% increase in post-operative 30-day mortality (OR = 1.020, 95% CI: 1.004–1.036). The distribution of CIs indicated that the link between the BUN and the post-operative 30-day mortality obtained by the model was reliable (Table 2).


Table 2. The results of the multivariate analysis.
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The Non-linearity Addressed by the Generalized Additive Model

Through the generalized additive model and smooth curve fitting, we observed that the association between BUN and post-operative 30-day mortality rates was non-linear (Figure 2). Therefore, we fit the data to a piecewise binary logistic regression model that allowed two different slopes. Data were also fitted by a standard binary logistic regression model based on the sensitivity analysis, and the best fit model was selected through the log-likelihood ratio test (Table 3). The p-value for the log-likelihood ratio test was <0.05 in our study. Therefore, a piecewise model was used to fit the link between BUN and post-operative 30-day mortality. With a recursive algorithm, we first obtained an inflection point of 9.804 mg/dl and then calculated the effect sizes and CIs to the left and right of the inflection point with the piecewise binary logistic regression model. On the left side of the inflection point, the effect size was 0.832, and the 95% CI was from 0.737 to 0.941. On the right side of the inflection point, the effect size was 1.028, and the 95% CI was from 1.011 to 1.045 (Table 3).


[image: Figure 2]
FIGURE 2. The non-linear relationship between pre-operative BUN and risk of post-operative 30-day mortality.



Table 3. The results of the piecewise linear regression.
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The Results of Subgroup Analyses

We performed a subgroup analysis to consider other influencing factors that might affect the relationship between pre-operative BUN and post-operative 30-day mortality. We used sex, age ranges, race, diabetes, smoking status, hypertension, disseminated cancer, open wound infection, severe COPD, or white blood cells as the stratification variables to detect the trend of effect sizes in these variables. As summarized in Table 4, there were no significant differences in the relationship in all the different groups (p-value for interaction > 0.05).


Table 4. Results of interaction analysis and subgroup analysis.
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Sensitivity Analyses

A series of sensitivity analyses were performed to verify the robustness of our findings.



The Form of the Categorical Variable of BUN

We converted BUN from a continuous variable to a categorical variable (dividing into groups according to quartiles) and then replaced the previous BUN variable in the model with the categorical-transformed BUN. After BUN was transformed into a categorical variable, the trend of the effect sizes in different groups was equidistant, and the p-value for the trend was consistent with the result when BUN was a continuous variable (Table 2).



E-Value

We computed an E-value to assess the sensitivity to unmeasured confounders. The E-value was 1.16, which was greater than the relative risk of unmeasured confounders influencing the relationship between pre-operative BUN and post-operative 30-day mortality, suggesting that the unmeasured or unknown confounders had less effect on the relationship between them.



Sensitivity Analyses After Excluding Brain Tumor Patients With Dialysis and Renal Failure

We excluded brain tumor patients with dialysis and renal failure in other sensitivity analyses. After excluding the participants with dialysis and renal failure, a total of 16,815 cases were included in another multivariate analysis to verify the robustness of our findings. These results suggested that after adjusting the fully confounding factors, pre-operative BUN was also positively associated with post-operative 30-day mortality (OR = 1.027, 95% CI: 1.012–1.043; Table 5). The results obtained from all of the sensitivity analyses indicated the well-robustness of our findings.


Table 5. The results of the multivariate analysis after excluding brain tumor patients with dialysis and (or) renal failure.
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DISCUSSION

We explored the association of pre-operative BUN with post-operative 30-day mortality in patients undergoing craniotomies for tumors in ~400 hospitals and academics across the United States in our study. Our results indicated that there was a non-linear relationship between pre-operative BUN and the risk of post-operative 30-day mortality. A threshold effect curve was found as well, and different correlations of BUN on post-operative 30-day mortality were detected on both sides of the inflection point. Curve fitting and threshold effect analysis revealed that for patients with BUN < 9.804 mg/dl, a 1 unit decrease in BUN was related to a 16.8% increase in the risk of post-operative 30-day mortality (OR = 0.832, 95% CI: 0.737, 0.941); for patients with BUN > 9.804 mg/dl, a 1 unit increase in BUN was related to a 2.8% increase in the risk of post-operative 30-day mortality (OR = 1.028, 95% CI: 1.011, 1.045). With 9.804 mg/dl mg/dL as an inflection point for BUN, patients who underwent craniotomies have a remarkably different risk of death.

Previous studies have reported that BUN is considered to be an important factor in predicting patient mortality (11, 20–27). Higher BUN was associated with poor prognosis in critically ill patients admitted to ICU (21, 24), critically ill patients with cardiogenic shock (23), patients with acute myocardial infarction (27), unstable coronary syndromes (25), and primary pulmonary hypertension (26). The prognostic value of BUN to serum albumin ratio was reported in patients with Escherichia coli bacteremia (28), ICU patients with lung cancer (29), critically ill patients with acute pulmonary embolism (30), and patients with aspiration pneumonia (31). These studies confirmed the value of BUN in predicting the prognosis of those patients. We share their views that, in general, higher BUN is associated with a poorer prognosis based on our findings. For patients with BUN > 9.804 mg/dl, a 1 unit increase in BUN was related to a 2.8% increase in the risk of post-operative 30-day mortality in our study. Such results may be due to the fact that elevated BUN is generally considered an important indicator of poor prognosis in heart and kidney patients (32–35). Massari et al. demonstrated that BUN was a stronger biomarker of peripheral congestion than the estimated glomerular filtration rate (36). The BUN level can reflect not only the degree of renal impairment but also protein catabolism in the human body (11). Low BUN may indicate insufficient protein intake (14). Inadequate protein intake could result in poor nutritional status. Nutritional status is closely related to the prognosis of cancer patients (15, 16). These reasons may explain our findings that for brain tumor patients with BUN < 9.804 mg/dl, a 1 unit decrease in BUN was related to a 16.8% increase in the risk of post-operative 30-day mortality. Therefore, BUN could be used as a pre-operative quantitative factor to evaluate the prognosis of patients undergoing craniotomy for brain tumors. The proper pre-operative management of BUN could reduce post-operative 30-day mortality in these cases.

Our study has some strengths as follows. (1) It is the large sample size that allows such analysis. Most covariates have complete information, with few missing. (2) To the best of our knowledge, this is the first time to observe the association between BUN with post-operative 30-day mortality in patients undergoing craniotomies for tumors. (3) We found that there was a non-linear relationship between pre-operative BUN and risk of post-operative 30-day mortality; therefore, our analysis has greater clinical value, which previous studies have not explored. (4) We performed interaction analysis and subgroup analysis. (5) We conducted several sensitivity analyses to test the robustness of our results.

Our research has the following shortcomings and needs attention. (1) This was a retrospective study on the national database. (2) As this study was a secondary analysis of published data, we cannot exclude some unmeasured and/or residual confounding factors (e.g., socioeconomic factors, pharmacological treatments, and characteristics of benign and malignant tumors) that could influence the estimated relationship. However, we calculated the E-value to quantify the potential impact of unmeasured confounders and found that they were unlikely to explain the results. (3) We could not explore the relationship between pre-operative BUN and long-term outcomes. Despite these limitations, our study was based on data from a large and heterogeneous group of patients in a large catchment area. Thus, the relationships and conclusions postulated in this study remain highly plausible.



CONCLUSION

In patients over 18 years of age who underwent craniotomy for intracranial tumors, pre-operative BUN (mg/dl) has specific linear and non-linear relationships with post-operative 30-day mortality. Our study may provide a reference for policy-makers to develop guidelines as to safer levels of BUN for patients preparing to undergo craniotomy for intracranial tumors. Proper pre-operative management of BUN and maintenance of BUN near the inflection point could reduce post-operative 30-day mortality in these cases.
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