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Abstract

:

Background: There is uncertainty regarding the impact of multidrug-resistant organisms on patients that undergo cardiac surgery. Methods: A retrospective cohort study was performed by using 2016–2019 data from the National Inpatient Sample in the United States to evaluate the proportion of admissions with a diagnosis of antimicrobial resistance who also underwent coronary artery bypass graft or valve surgery. Results: A total of 1,260,630 admissions were included in the analysis, of which 2045 (0.16%) had antimicrobial resistance. Compared to patients without resistance, those with antimicrobial resistance were more likely to be female (52.8% vs. 31.5%, p < 0.001), and die in a hospital (7.1% vs. 2.4%, p < 0.001). The length of stay and cost were significantly higher for patients with antimicrobial resistance (15 vs. 7 days and USD 69,135 vs. USD 43,740, respectively). Antimicrobial resistance was not associated with increased in-hospital mortality (OR 1.38; 95% CI 0.86–2.21, p = 0.18), although it was associated with an increase in length of stay (coefficient 7.65; 95% CI 6.91–8.39, p < 0.001), and cost (coefficient USD 25,240 [21,626–28,854], p < 0.001). Conclusions: Antimicrobial resistance in patients that undergo cardiac surgery is not common, yet its burden is substantial as it can double the length of stay and increase costs by more than USD 20,000.
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1. Introduction


It is estimated that 4000 cardiothoracic surgeons perform more than 530,000 cardiothoracic cases each year [1]. Coronary artery bypass graft (CABG) is the most common cardiothoracic surgical procedure in the United States and costs USD 6.5 billion in healthcare bills annually [2]. Infections are unfortunately common following cardiac surgery and have been reported to affect between 4% and 21% of operations [3,4] and are associated with prolonged length of hospitalization, cost, and mortality [3,4,5].



The importance of antibiotic therapy in reducing postoperative infections, mortality, and costs has been suggested in a guideline [6], a systematic review [7], and clinical studies [8,9]. Prophylactic antibiotics are important as infection risk increases with chronic lung disease, heart failure, longer surgery, stress hyperglycemia, intubation times of 24 to 48 h, and ventilation > 48 h [10]. The Society of Thoracic Surgeons Practice Guideline recommended β-lactam antibiotic as the antibiotic of choice for prophylaxis in cardiac surgeries, especially if a high incidence of methicillin-resistant Staphylococcus aureus is not expected [6].



Antimicrobial resistance, defined as the situation, where bacteria, viruses, fungi, and parasites change over time and no longer respond to medicines, is a global concern as it threatens the ability of clinicians to treat infections [11]. In 2019, it was estimated that there were nearly 5 million deaths associated with bacterial antimicrobial resistance, including over 1 million deaths attributed to antimicrobial resistance [12]. In 2014, the estimated national cost of multidrug-resistant organisms on inpatient hospitalizations in the United States was estimated to be at least USD 2.4 billion [13] and the cost of antimicrobial resistance in Canada in 2018 was USD 1.4 billion [14]. As a result, the World Health Organization declared that antimicrobial resistance is one of the top 10 global public health threats facing humanity [11].



A recent review highlights the growing threat of multidrug resistance for invasive cardiac procedures and suggests that the concept is underappreciated and is expected to rise due to the overuse of antibiotics [15]. Furthermore, it claims that this problem is not hypothetical but present and that patients with multidrug-resistant infections have higher mortality than those infected with non-multidrug-resistant bacteria [15]. As it is estimated that multidrug-resistant organisms cause infectious complications in between 0.6% and 10% of patients who undergo a variety of cardiac surgeries [15], we analyzed nationally representative data from the United States to estimate the prevalence of antimicrobial resistance in patients receiving CABG and valve surgery and evaluate its impact on in-hospital mortality, length of stay, and cost.




2. Materials and Methods


We analyzed nationally representative data of the United States from the National Inpatient Sample (NIS). The NIS is a database created by the Healthcare Cost and Utilization Project (HCUP), which is the largest publicly available all-payer inpatient healthcare database in the United States that can be utilized to provide national estimates of inpatient utilization, access, costs, quality, and outcomes [16]. The reporting of this manuscript is in accordance with the recommendations of the STROBE statement [17].



We identified all patients with an admission to hospital and an International Statistical Classification of Diseases, Tenth Revision (ICD-10) procedure code corresponding to CABG or valve surgery between 2016 and 2019. The codes for CABG and valve surgery were based on those reported by the Mubashir et al. study [18].



This cohort of cardiac surgery patients was stratified by the primary exposure of interest, which was antimicrobial resistance as defined by the ICD-10 diagnostic code Z16. We excluded patients with ages < 18 years, missing values for age, gender, and mortality.



The additional data retrieved from the NIS dataset is outlined in Table A1. In brief, the discharge diagnosis codes, which were up to 40, and procedural codes, up to 25, were used to define admission diagnoses of coexisting illnesses (hypertension, hyperlipidemia, obesity, diabetes mellitus, previous myocardial infarction, heart failure, atrial fibrillation, previous stroke, peripheral vascular disease, chronic kidney disease, liver failure, chronic lung disease, cancer, and dementia). Additional demographic (age, sex, race, nicotine dependence, and alcohol misuse), hospital information (rural hospital, teaching hospital, hospital region, elective admission, the season of admission, weekend admission, primary expected payer, patient income based on ZIP code, and hospital bed size) and outcome data (length of stay and cost) were available in the NIS dataset. The season of admission was defined as March to May for spring, June to August for Summer, September to November for fall, and December to February for winter. Additional data were collected on the use of central venous lines and the presence of infection or sepsis. The primary outcome of the study was in-hospital mortality. The secondary outcomes were the length of stay and inpatient cost. The cost was defined by the total charge multiplied by the charge-to-cost ratio.



Statistical Analysis


Statistical analysis was performed on Stata 13 (College Station, TX, USA). The hospital admissions were weighted by the discharge weight to obtain nationally representative estimates, as per the recommendations of HCUP [16]. We stratified the cohort by antimicrobial resistance, and descriptive statistics were presented with median and interquartile ranges (IQRs) for continuous variables, and as the percentage for categorical variables. The median test was used to assess for statistical differences for continuous variables and the Chi2 test for categorical variables for the presence or absence of antimicrobial resistance. A multiple logistic regression model with adjustments for demographic, hospital, comorbidity, and the presence of central line, infection, and sepsis was used to identify predictors of antimicrobial resistance. Additional sequentially adjusted logistic regression models were generated to determine the odds of in-hospital mortality with antimicrobial resistance and similar linear regression models were used to explore the impact of antimicrobial resistance on length of stay and inpatient cost. The adjustments were first unadjusted, then, adjusted for demographics (model 1), then, adjusted for demographics and hospital variables (model 2), and finally, adjusted for demographics, hospital, and comorbidity variables (model 3). A p-value of 0.05 was considered to be statistically significant. Sensitivity analyses were performed, where analyses were performed for the subgroup of patients with and without central line, sepsis, and infection, and for those receiving CABG surgery and valve surgery.





3. Results


The flow diagram of hospital admissions with CABG or valve surgery is shown in Figure 1. A total of 1,260,630 admissions were included in the analysis, of which 2045 (0.16%) had antimicrobial resistance.



The characteristics of the patients that underwent a coronary artery bypass and/or valve procedure stratified by the presence of antimicrobial resistance are shown in Table 1. Patients with antimicrobial resistance were proportionately more likely to be female (52.8% vs. 31.5%, p < 0.001) and either African American (7.8% vs. 6.7%) or Hispanic (13.7% vs. 7.3%) (p < 0.001). These patients were also more frequently admitted on weekends (17.4% vs. 9.1%, p < 0.001) and less likely to be admitted as elective procedures (34.4% vs. 58.5%, p < 0.001). The primary expected payer for patients with antimicrobial resistance was more likely to have Medicaid (13.9% vs. 7.0%) or be self-paying (2.9% vs. 2.3%) and less likely to have Medicare (58.7% vs. 61.3%) or private insurance (21.5% vs. 26.6%) (p < 0.001). In terms of comorbidities, patients with antimicrobial resistance were in the greater proportion likely to have heart failure (54.8% vs. 40.4%, p < 0.001), atrial fibrillation (48.9% vs. 39.3%, p < 0.001), chronic kidney disease (37.2% vs. 22.8%, p < 0.001), and liver failure (7.1% vs. 1.6%, p < 0.001), although they were less likely to have hypertension (81.2% vs. 85.6%, p = 0.011) and hypercholesterolemia (59.4% vs. 72.8%, p < 0.001). The proportion of patients with CABG only, the valve only, and both procedures were 44.7%, 45.0%, and 10.3%, respectively, for patients with antimicrobial resistance, compared to 56.0%, 36.1%, and 7.9%, respectively, for patients without antimicrobial resistance. Insertion of a central venous line was more common in patients with antimicrobial resistance (28.4% vs. 9.1%, p < 0.001), while both sepsis (20.8% vs. 2.8%, p < 0.001) and infection (88.8% vs. 23.1%, p < 0.001) were more common in patients with antimicrobial resistance. In-hospital mortality occurred in 7.1% of patients with antimicrobial resistance and 2.4% of patients without antimicrobial resistance (p < 0.001). The length of stay and cost were significantly higher for patients with antimicrobial resistance (15 vs. 7 days and USD 69,135 vs. USD 43,740, respectively).



The predictors of antimicrobial resistance among patients who underwent CABG and/or valve surgery are shown in Table 2. Infection was the strongest predictor of antimicrobial resistance (OR 18.33; 95% CI 13.24–25.37, p < 0.001). Other factors associated with antimicrobial resistance were female sex (OR 2.13; 95% CI 1.72–2.62, p < 0.001), alcohol misuse (OR 1.97; 95% CI 1.07–3.63, p = 0.31), central line insertion (OR 1.56; 95% CI 1.22–1.98, p < 0.001), and sepsis (OR 1.50; 95% CI 1.13–2.00, p = 0.005). Elective admission was associated with a reduction in antimicrobial resistance (OR 0.70; 95% CI 0.55–0.88, p = 0.003).



The unadjusted and adjusted impacts of antimicrobial resistance on in-hospital mortality, length of stay, and cost are shown in Table 3. After adjustments for comorbidities, there was no significant increase in in-hospital mortality with antimicrobial resistance (OR 1.38; 95% CI 0.86–2.21, p = 0.18). Antimicrobial resistance was associated with an increase in length of stay (coefficient 7.65; 95% CI 6.91–8.39, p < 0.001), and cost (coefficient: USD 25,240 [21,626–28,854], p < 0.001).



The sensitivity analysis considering the impact of infection, sepsis, central line insertion, and type of surgery is shown in Table 4. The presence of infection did not significantly increase in-hospital mortality (p = 0.38), although it increased the length of stay (p < 0.001) and cost (p = 0.009). Sepsis had no significant effect on in-hospital mortality (p = 0.18), length of stay (p = 0.30), and cost (p = 0.38). The insertion of a central line did not significantly affect in-hospital mortality (p = 0.65), although it did increase the length of stay (p = 0.001) and cost (p < 0.001). For both CABG and valve surgery, there was no difference in in-hospital mortality with antimicrobial resistance (p = 0.52 and p = 0.13, respectively), yet there was an increase in the length of stay (p < 0.001), and cost (p < 0.001).




4. Discussion


4.1. Key Findings


Our evaluation has several key findings. From a national perspective using discharge summary codes, rates of antimicrobial resistance in cardiac surgery are low: at less than 1%. Compared to patients who do not have antimicrobial resistance as a diagnosis, those with antimicrobial resistance have greater mortality, length of stay, and cost, although once adjustments were made there was no significant increase in in-hospital mortality for patients with antimicrobial resistance. Nevertheless, the increase in length of stay and cost among patients with antimicrobial resistance was substantial, whereby they were more than double and more than USD 20,000, respectively. The rate of antimicrobial resistance increased in 2019 compared to other years. A major predictor of antimicrobial resistance was an infection, although other factors associated with it included female gender, alcohol misuse, central line insertion, sepsis, chronic kidney disease, and atrial fibrillation. Our study highlights antimicrobial resistance on a national level and shows that it carries a high burden in terms of increased length of stay and cost for admissions with cardiac surgery.




4.2. Key Considerations Regarding the Findings


A major consideration of the current study is that we do not know the definition of antimicrobial resistance used at each hospital, which justified the diagnosis and how testing for antimicrobial resistance was performed. The definition used by the World Health Organization, encompasses antibiotic resistance, antiviral resistance, and antifungal resistance [19]. Furthermore, the degree of resistance is not specified and there may be a difference between a microbe that is resistant to a single agent compared to one that is multidrug-resistant, which could both be classified as antimicrobial resistance. This may be important as a prospective study of 138 patients who underwent cardiac surgery found that multidrug-resistant bacterial isolates were widespread and there are increasingly emerging strains of extended-spectrum beta-lactamases-producing Gram-negative bacteria Klebsiella pneumoniae, Pseudomonas aeruginosa, and Escherichia coli, especially, among patients with prolonged admission to intensive care units [20]. The studies of multidrug resistance have been evaluated in other types of patient cohorts [21,22,23]. In a study of patients with in-hospital cardiac arrest and nosocomial infection, 10 out of 35 patients (28%) had multidrug-resistant pathogens [21]. In another study, 31% of 82 patients with a bacterial infection within 1 year of a heart transplant had multidrug-resistant pathogens [22]. A further evaluation of 147 patients with heart transplants and infections with 259 pathogens found that there were 64 multidrug-resistant bacteria [23]. The low rates of antimicrobial resistance in the current study may be explained by some degree of underreporting of the diagnosis. The underreporting of antibiotic resistance has been highlighted in a previous study and it was suggested that medical records are notoriously unclear with respect to distinguishing between a number of clinical diagnoses, particularly nosocomial infections [24]. The extent of the underreporting and the reason for underreporting are not clear, and this study does not have the laboratory culture sensitivity results to confirm the diagnoses.



Our finding that antimicrobial resistance increased mortality, length of stay, and cost is not surprising, yet the interesting finding is that once adjustments were made mortality was no longer statistically significant with antimicrobial resistance. A propensity-matched analysis of 370 patients with hospital-acquired infection after cardiac surgery had significantly greater crude hospital mortalities compared to 370 matched patients (15.4% vs. 5.7%) [4]. As patients who undergo cardiac procedures without complication are unlikely to be routinely tested for antimicrobial resistance, those who undergo testing are likely to be suspected of having an infection. With antimicrobial resistance, there may be limitations as to the agents available to treat infection and this would result in greater mortalities, associated prolonged hospitalizations, and associated costs through attempting various treatments and supporting the patient in recovering from the infection, including the need for intensive care support. The observation in the current study that adjustments for comorbidity made the association between antimicrobial resistance and mortality no longer significant is interesting because it suggests that existing illnesses are important factors that contribute to mortality risk in patients with antimicrobial-resistant organisms.



Our study highlights the need for greater awareness regarding antimicrobial resistance in cardiac surgery and the need to reduce the burden of this problem. This requires education of healthcare professionals as early detection of infection postoperatively and appropriate action may avert poor outcomes for patients. The findings of the current study, whereby antimicrobial resistance appears to be more common in female patients, and those with a history of alcohol misuse, chronic kidney disease, and atrial fibrillation are interesting as this may be useful information about high-risk groups for clinical practices. There may also be a role for greater awareness of the importance of following antimicrobial guidelines as proper usage of antibiotics is very important to reduce the chance of the development of drug-resistant organisms in patients [25]. Furthermore, efforts may be needed to reduce clinical misdiagnosis of infections as excessive use of antibiotic misuse, when not clinically indicated, can contribute to antibiotic resistance [26].



In the current study, we found low rates of antimicrobial resistance and we suspect that antimicrobial resistance may be underreported. Antimicrobial resistance is only present as a diagnosis in a patient discharge summary if patients underwent testing and the healthcare team managing patients documented this finding. Patients may not be tested for antimicrobial resistance, or the test was a false negative, while it is further possible that the diagnosis was not documented. However, the concept of antimicrobial resistance among patients with coronary artery bypass graft and valve surgery is not well explored from a national perspective and our study would call for more studies in this area.




4.3. Generalizability


The current study evaluates a dataset from hospital records, which is designed to provide estimates that are nationally representative of the United States. Therefore, this study is generalizable to practices in America, although it may not be entirely applicable to other countries with different ethnic populations, demographic profiles, healthcare services, and patterns of infectious organisms from cardiac surgery.




4.4. Limitations


This analysis has several limitations that need to be considered prior to interpretation. The accuracy of patient identification relies on accurate ICD-10 diagnosis and procedure codes. This is particularly important in relation to the codes for antimicrobial resistance, CABG, and valve surgery. In the case of antimicrobial resistance, as previously discussed, we cannot exclude the possibility of underreporting as we do not know the criteria for making this diagnosis. Moreover, we do not have information on the management of patients, including the microorganism, antimicrobial testing and sensitivities, and antimicrobials or drugs used for treatment. Considering the higher prevalence in the literature, the code for antimicrobial resistance is probably an underutilized administrative code. Moreover, the data is retrospective and observational, so the findings may be limited by potential confounders. The design of the NIS is such that a patient may appear more than once within the same calendar year and there is no way of determining whether patients appeared across different years. Another limitation of the current study is that we do not know the operative risk for the patients who undergo cardiac surgery. Future studies of antimicrobial resistance in patients who undergo cardiac surgery should consider the major risk scores for cardiac surgery, such as EuroScore and Parsonnet scores. Finally, this dataset included hospitalization until 2019, the pre-COVID-19 era, and thus, we cannot extrapolate our findings to the COVID-19 pandemic.





5. Conclusions


On a national level, antimicrobial resistance in patients that undergo cardiac surgery is not common, yet those who have this diagnosis have greater mortality, length of stay, and cost attached; however, once adjustments are made there is no significant increase in in-hospital mortality. The burden of antimicrobial resistance is substantial as it can double the length of hospitalization and increase the median cost by more than USD 20,000. Measures should be taken to better understand how we can reduce antimicrobial resistance and better manage patients who undergo cardiac surgery and are identified with this problem.
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Table A1. Codes for data analysis and their source.
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	Variable
	Source of Data
	Detailed Codes/Description





	Coronary artery bypass graft surgery
	I10_PR1/25
	021008, 021009, 02100A, 02100J, 02100K, 02100Z, 021108, 021109, 02110A, 02110J, 02110K, 02110Z, 021208, 021209, 02120A, 02120J, 02120K, 02120Z, 021308, 021309, 02130A, 02130J, 02130K, 02130Z



	Valve surgery
	I10_PR1/25
	02RF0, 02RF3, 02RG0, 02RG3, 02RH0, 02RH3, 02RJ0, 02RJ3



	Antibiotic resistance
	I10_DX1/40
	Z16



	Age
	NIS Core
	Derived from “AGE” variable.



	Sex
	NIS Core
	Derived from “FEMALE” variable.



	Race
	NIS Core
	Derived from “RACE” variable.



	Rural
	See comment
	Derived from “PL_NCHS” variable in the NIS Core file where rural = micropolitan counties and not metropolitan or micropolitan counties.



	Teaching hospital
	See comment
	Derived from “HOSP_LOCTEACH” variable in the NIS Hospital file where teaching hospitals are those which are urban teaching values.



	Hospital region
	NIS Hospital
	Derived from “HOSP_REGION” variable.



	Elective admission
	NIS Core
	Derived from “ELECTIVE” variable.



	Weekend admission
	NIS Core
	Derived from “AWEEKEND” variable.



	Primary expected payer
	NIS Core
	Derived from “PAY1” variable.



	ZIP income quartile
	NIS Core
	Derived from “ZIPINC_QRTL” variable.



	Hospital bed size
	NIS Hospital
	Derived from “HOSP_BEDSIZE” variable.



	Smoking
	I10_DX1/40
	Z72.0



	Alcohol misuse
	I10_DX1/40
	F10.1



	Chronic kidney disease
	I10_DX1/40
	N18



	Chronic lung disease
	I10_DX1/40
	J40, J41, J42, J43, J44, J45, J46, J47



	Previous myocardial infarction
	I10_DX1/40
	I25.2



	Previous stroke
	I10_DX1/40
	I69



	Atrial fibrillation
	I10_DX1/40
	I48



	Hypertension
	I10_DX1/40
	I10, I11, I12, I13, I15, I16



	Hypercholesterolemia
	I10_DX1/40
	E78.0, E78.1, E78.2, E78.3, E78.4, E78.5



	Diabetes mellitus
	I10_DX1/40
	E08, E09, E10, E11, E13



	Cancer
	I10_DX1/40
	C *



	Dementia
	I10_DX1/40
	F01, F02, F03, G30, G31



	Peripheral vascular disease
	I10_DX1/40
	I73



	Liver failure
	I10_DX1/40
	K72



	Obesity
	I10_DX1/40
	E66.0, E66.1, E66.2, E66.8, E66.9



	Heart failure
	I10_DX1/40
	I09.81, I11.0, I50



	Season
	
	AMONTH Spring = March to May, Summer = June to August, Fall = September to November, Winter = December to February



	Central venous line
	I10_PR1/25
	02HV33Z, 02H633Z



	Sepsis
	I10_DX1/40
	A41



	Infection
	I10_DX1/40
	A *, B *



	Death
	NIS Core
	-



	Length of stay
	NIS Core
	-



	Cost
	See comment
	Defined by the product of the charge-to-cost ratio and total charge (“TOTCHG” in the NIS core file).



	Discharge weight
	NIS Core
	-







* signifies truncation where there may be any number after the initial letter.
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Figure 1. Flow diagram of hospital admissions included in the analysis. 
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Table 1. Characteristics of patients that underwent a coronary artery bypass graft and/or valve surgery stratified by the presence of antimicrobial resistance.
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Variable

	
No Antimicrobial Resistance

	
Antimicrobial Resistance

	
p-Value






	
Total

	
1,258,585

	
2045

	
-




	
Mean age [IQR]

	
69 [61 to 76]

	
68 [58 to 76]

	
0.73




	
Female

	
31.5%

	
52.8%

	
<0.001




	
Race/ethnicity

	

	

	
<0.001




	
White

	
80.0%

	
69.5%




	
African American

	
6.7%

	
7.8%




	
Hispanic

	
7.3%

	
13.7%




	
Asian or Pacific Islander

	
2.7%

	
3.1%




	
Native American

	
0.5%

	
0.8%




	
Other

	
2.8%

	
5.2%




	
Nicotine dependence

	
1.1%

	
1.2%

	
0.82




	
Alcohol misuse

	
1.6%

	
2.7%

	
0.083




	
Weekend admission

	
9.1%

	
17.4%

	
<0.001




	
Season

	

	

	
0.24




	
Spring

	
25.9%

	
24.0%




	
Summer

	
25.0%

	
26.7%




	
Fall

	
24.9%

	
28.1%




	
Winter

	
24.3%

	
21.3%




	
Elective admission

	
58.5%

	
34.4%

	
<0.001




	
Primary expected payer

	

	

	
<0.001




	
Medicare

	
61.3%

	
58.7%




	
Medicaid

	
7.0%

	
13.9%




	
Private insurance

	
26.6%

	
21.5%




	
Self-pay

	
2.3%

	
2.9%




	
No charge

	
0.2%

	
0%




	
Other

	
2.7%

	
2.9%




	
Year

	

	

	
0.009




	
2016

	
24.1%

	
19.6%




	
2017

	
24.7%

	
24.5%




	
2018

	
25.0%

	
23.0%




	
2019

	
26.2%

	
33.0%




	
Hospital region

	

	

	
0.15




	
Northeast

	
18.5%

	
15.7%




	
Midwest

	
23.4%

	
20.8%




	
South

	
40.0%

	
42.8%




	
West

	
18.1%

	
20.8%




	
Hospital bed size

	

	

	
0.54




	
Small

	
10.2%

	
11.5%




	
Medium

	
24.2%

	
25.2%




	
Large

	
65.6%

	
63.3%




	
Rural hospital

	
19.4%

	
15.3%

	
0.037




	
Teaching hospital

	
84.1%

	
86.1%

	
0.27




	
Hypertension

	
85.6%

	
81.2%

	
0.011




	
Hypercholesterolemia

	
72.8%

	
59.4%

	
<0.001




	
Obesity

	
24.5%

	
24.5%

	
0.97




	
Diabetes mellitus

	
41.4%

	
44.7%

	
0.17




	
Previous myocardial infarction

	
14.2%

	
11.7%

	
0.15




	
Heart failure

	
40.4%

	
54.8%

	
<0.001




	
Atrial fibrillation

	
39.3%

	
48.9%

	
<0.001




	
Previous stroke

	
10.0%

	
12.7%

	
0.062




	
Peripheral vascular disease

	
6.9%

	
5.1%

	
0.15




	
Chronic kidney disease

	
22.8%

	
37.2%

	
<0.001




	
Liver failure

	
1.6%

	
7.1%

	
<0.001




	
Chronic lung disease

	
22.9%

	
27.1%

	
0.039




	
Cancer

	
3.0%

	
3.4%

	
0.59




	
Dementia

	
1.8%

	
2.4%

	
0.31




	
Surgery type

	

	

	
<0.001




	
Coronary artery bypass only

	
56.0%

	
44.7%




	
Valve surgery only

	
36.1%

	
45.0%




	
Coronary artery bypass and valve surgery

	
7.9%

	
10.3%




	
Central line insertion

	
9.1%

	
28.4%

	
<0.001




	
Sepsis

	
2.8%

	
20.8%

	
<0.001




	
Infection

	
23.1%

	
88.8%

	
<0.001




	
In-hospital mortality

	
2.4%

	
7.1%

	
<0.001




	
Length of stay [IQR]

	
7 [5 to 11]

	
15 [10 to 23]

	
<0.001




	
Cost [IQR]

	
USD 43,740 [33,283 to 59,767]

	
USD 69,135 [49,905 to 105,786]

	
<0.001








IQR: interquartile range.
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Table 2. Predictors of antimicrobial resistance among patients that underwent a coronary artery bypass graft or valve surgery.
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	Variable
	Odds Ratio (95%CI)
	p-Value





	Female
	2.13 (1.72–2.62)
	<0.001



	Race vs. White
	
	



	Hispanic
	1.57 (1.14–2.16)
	0.005



	Other
	1.88 (1.18–2.99)
	0.008



	Alcohol misuse
	1.97 (1.07–3.63)
	0.031



	Elective admission
	0.70 (0.55–0.88)
	0.003



	Year vs. 2016
	
	



	2019
	1.42 (1.06–1.91)
	0.019



	Atrial fibrillation
	1.27 (1.03–1.57)
	0.027



	Chronic kidney disease
	1.47 (1.17–1.84)
	0.001



	Central line insertion
	1.56 (1.22–1.98)
	<0.001



	Sepsis
	1.50 (1.13–2.00)
	0.005



	Infection
	18.33 (13.24–25.37)
	<0.001
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Table 3. Logistic regression and linear regression to evaluate the unadjusted and adjusted impact of antimicrobial resistance on in-hospital mortality, length of stay, and cost on patients that underwent a coronary artery bypass graft or valve surgery.
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	Variable
	Odds Ratio (95% CI) or Coefficient [95% CI]
	p-Value





	In-hospital mortality
	
	



	Unadjusted
	3.11 (2.13–4.54)
	<0.001



	Model 1
	2.75 (1.85–4.11)
	<0.001



	Model 2
	2.26 (1.50–3.41)
	<0.001



	Model 3
	1.38 (0.86–2.21)
	0.18



	Length of stay
	
	



	Unadjusted
	11.24 [10.44 to 12.05]
	<0.001



	Model 1
	10.82 [9.99 to 11.64]
	<0.001



	Model 2
	9.02 [8.25 to 9.80]
	<0.001



	Model 3
	7.65 [6.91 to 8.39]
	<0.001



	Cost
	
	



	Unadjusted
	USD 42,278 [38,377 to 46,180]
	<0.001



	Model 1
	USD 39,211 [35,228 to 43,193]
	<0.001



	Model 2
	USD 33,090 [29,219 to 36,961]
	<0.001



	Model 3
	USD 25,240 [21,626 to 28,854]
	<0.001







Model 1: Adjusted for age, sex, race, nicotine dependence, and alcohol misuse. Model 2: model 1 plus weekend admission, season, weekend admission, primary expected payer, year, hospital region, hospital bed size, and rural hospital or teaching hospital. Model 3: model 2 plus hypertension, hypercholesterolemia, obesity, diabetes mellitus, previous myocardial infarction, heart failure, atrial fibrillation, previous stroke, peripheral vascular disease, chronic kidney disease, liver failure, chronic lung disease, cancer, and dementia.
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Table 4. Logistic regression and linear regression to evaluate the adjusted impact of antimicrobial resistance on in-hospital mortality, length of stay, and cost in subgroups of patients.
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	Subgroup
	In-Hospital Mortality

Odds Ratio (95% CI)
	Length of Stay

Coefficient [95% CI]
	Cost

Coefficient [95% CI]





	No infection
	3.46 (1.00–11.98), p = 0.05
	11.2 [9.7 to 12,6], p < 0.001
	USD 45,348 [38,638 to 52,059], p < 0.001



	Infection
	0.81 (0.50–1.30), p = 0.38
	3.8 [2.6 to 5.1], p < 0.001
	USD 8361 [2070 to 14,652], p = 0.009



	No sepsis
	1.21 (0.65–2.24), p = 0.55
	6.5 [5.8 to 7.2], p < 0.001
	USD 23,384 [20,045 to 26,723], p < 0.001



	Sepsis
	0.63 (0.32–1.24), p = 0.18
	2.4 [−2.1 to 6.9], p = 0.30
	−USD 10,509 [−34,031 to 13,013], p = 0.38



	No central line insertion
	1.59 (0.88–2.85), p = 0.12
	5.9 [5.1 to 6.6], p < 0.001
	USD 19,803 [16,151 to 23,456], p < 0.001



	Central line insertion
	0.84 (0.40–1.79), p = 0.65
	8.7 [6.3 to 11.1], p < 0.001
	USD 24,572 [12,588 to 36,556], p < 0.001



	CABG surgery
	1.23 (0.65–2.32), p = 0.52
	7.9 [7.0 to 8.8], p < 0.001
	USD 25,271 [20,808 to 29,733], p < 0.001



	Valve surgery
	1.54 (0.88–2.70), p = 0.13
	6.0 [4.8 to 7.1], p < 0.001
	USD 18,672 [12,968 to 24,376], p < 0.001



	No infection
	3.46 (1.00–11.98), p = 0.05
	11.2 [9.7 to 12,6], p < 0.001
	USD 45,348 [38,638 to 52,059], p < 0.001



	Infection
	0.81 (0.50–1.30), p = 0.38
	3.8 [2.6 to 5.1], p < 0.001
	USD 8361 [2070 to 14,652], p = 0.009



	No sepsis
	1.21 (0.65–2.24), p = 0.55
	6.5 [5.8 to 7.2], p < 0.001
	USD 23,384 [20,045 to 26,723], p < 0.001



	Sepsis
	0.63 (0.32–1.24), p = 0.18
	2.4 [−2.1 to 6.9], p = 0.30
	−USD 10,509 [−34,031 to 13,013], p = 0.38



	No central line insertion
	1.59 (0.88–2.85), p = 0.12
	5.9 [5.1 to 6.6], p < 0.001
	USD 19,803 [16,151 to 23,456], p < 0.001



	Central line insertion
	0.84 (0.40–1.79), p = 0.65
	8.7 [6.3 to 11.1], p < 0.001
	USD 24,572 [12,588 to 36,556], p < 0.001



	CABG surgery
	1.23 (0.65–2.32), p = 0.52
	7.9 [7.0 to 8.8], p < 0.001
	USD 25,271 [20,808 to 29,733], p < 0.001



	Valve surgery
	1.54 (0.88–2.70), p = 0.13
	6.0 [4.8 to 7.1], p < 0.001
	USD 18,672 [12,968 to 24,376], p < 0.001







CABG: coronary artery bypass graft.
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