Supplemental Digital Content
The role of antimicrobial resistance on long-term mortality and quality of life in critically ill patients: a prospective longitudinal 2-year study
Triantafyllia Koukoubani1, Demosthenes Makris2, Zoe Daniil2, Theoniki Paraforou1, Vasiliki Tsolaki2, Epaminondas Zakynthinos2, John Papanikolaou2
1 Department of Critical Care, General Hospital of Trikala, Thessaly, Greece 
2 Department of Critical Care, School of Medicine, University of Thessaly, University Hospital of Larissa, Thessaly, Greece





Methods
Clinical parameters 
Acute Physiology and Chronic Health Evaluation (APACHE II score) was calculated on admission in ICU [E1].
Cardiac arrest [E2], hemorrhagic shock [E3] and ARDS [E4] were recorded.
Comorbidities including diabetes, previous stroke, hypertension, coronary artery disease, atrial fibrillation, valvular heart disease, heart failure, chronic obstructive pulmonary disease (COPD), asthma, chronic renal failure etc. were also recorded. Obesity was present if Body Mass Index (BMI)≥30kg/m2 was found [E5].
Acute renal failure was identified if RIFLE (Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease) criteria for acute kidney injury were present [E6]. Critical illness myopathy (CIM) [E7] was identified according to the published criteria. 
Mechanical ventilation days were defined as the period from the first day of intubation and mechanical ventilation until the extubation day [E8].Tracheostomy was performed in selected patients who either had difficulty/multiple failures in weaning from mechanical ventilation or presented impaired neurological function.
The terms sepsis and septic shock were utilized and the records were revised according to existing literature [E9]. Glucocorticoids were given according to the existing guidelines [E10]. Colistin was recorded if given either based on microbiology results or empirically.


Evaluation of Quality-adjusted life years (QALYs)
i. The EQ-5D-5L instrument
The 5- level EuroQol 5-dimensional questionnaire (EQ-5D-5L) was introduced by the EuroQol Group in 2009 to improve the instrument’s sensitivity and to reduce the “ceiling” effect (state of perfect health). Five dimensions are included: mobility, self-care, usual activities, pain or discomfort, and anxiety or depression. Each dimension is divided in 5 levels: no problems, slight problems, moderate problems, severe problems and extreme problems [E11]. The digits for the five dimensions form a 5-digit number that describes the patient’s health state quite analytically [E11]. 
ii. Calculation of QALYs
The calculation of QALYs is based on quality of life scores (“utilities”) generated from health-related quality of life (HRQoL) questionnaires at baseline and at specific time points during the follow-up. In our study, “utilities” were estimated using the 5-level EuroQol-5-dimensional (EQ-5D-5L) questionnaire, and expressed as numbers ranging from -0.53 to 1, where zero applies to the state of death, one reflects the state of perfect health, whilst negative scores indicate health states worse than death [E11-E13]. The assessment of QALY score for each patient in our study was based on the second assumption used for calculation of QALYs by Vainiola and co-workers [E14]. In brief, a critically ill patient without admission/treatment in ICU would die immediately, gaining a QALY value of zero. Instead, ICU treatment would result in a linear augmentation of HRQoL score from baseline to the first follow-up and subsequently between consecutive follow-upsaccording to EQ-5D-5L Index Value Calculator developed by the EuroQol Group [E15]. Thus, a patient who has died before the 6-month first follow-up scores a QALY value of zero. Instead, patients having survived the 6-month first follow-up manage to gain certain QALY values. According to the mentioned methodology [E14], the QALYs gained at a specific time point are calculated from the shaded area (Supplemental Figure 1) under the formed curve and left to this time point (HRQoL score vs. time graph). Thus, a patient who survives the final 2-year follow-up of our study (Supplemental Figure 1, panel A) gains a QALY value that equals the sum of area A (triangle) + area B (trapezium) + area C (trapezium) + area D (trapezium). Instead, a patient who has died between the 12-month and 18-month follow-up (Supplemental Figure 1, panel B)  gets a QALY value which equals the sum of area A (triangle) + area B (trapezium) + area C (triangle) [E14]. Theoretically, the maximum number of QALYs gained is 1.875 [(1*0.5)/2 + 1*1.5= 1.75)]. 
ICU infections
Infections were defined according to criteria of Centers for Disease Control and prevention (Atlanta, GA, USA) [E16]. Quantitative cultures, microbiologic blood examination, as well as cytology, microbiology and biochemistry of drained fluids were performed when the patient was considered to be infected at physicians’ discretion. 
Clinically significant blood stream infections (BSI) was deemed to be present if a pathogenic organism was cultured from at least one set of blood cultures [E17]. The diagnosis of BSI due to common skin contaminants (Coagulase Negative Staphylococci, Bacillus, Corynebacterium or Propionibacterium species) required at least two positive sets of blood cultures and one of the signs-symptoms of sepsis (fever>38°C, chills or rigors and hypotension) within 24 hours of a positive blood culture [E16].
The diagnosis of catheter related BSI (CRBSI) requires a positive culture of blood from a peripheral vein and clear evidence that the catheter is the source. CRBSI means a patient with an intravascular catheter has at least one positive blood culture obtained from a peripheral vein, clinical manifestations of infection (i.e., fever, chills, and/or hypotension), and no apparent source for the BSI, except the catheter. In addition, a positive semi-quantitative [>15 colony-forming units (CFU) /catheter segment][E18] or quantitative (>103CFU/catheter segment)[E19] catheter tip culture may be also present, provided that the same organism (species and anti-biogram) is isolated from the catheter segment and peripheral blood culture.
Respiratory infections included ventilator-associated pneumonia and ventilator-associated tracheobronchitis [E16].  Ventilator-associated pneumonia was defined as the presence of new or progressive radiographic infiltrate in combination with two of the three following criteria: (1) temperature >38oC (2) white blood cell (WBC) count>12000/mm3 or <4000/ mm3, and (3) purulent tracheal aspirate. In addition, a positive tracheal aspirate in quantitative cultures (≥105CFU/mL) or a positive bronchoalveolar lavage culture (≥104 CFU/mL) was required to confirm the diagnosis [E16].  Ventilator-associated tracheobronchitis was defined as fever (>38°C) with no other recognizable cause, purulent sputum production, positive endotracheal aspirate culture (≥105CFU/mL), but no radiographic signs of new pneumonia [E20]. 
Surgical site infection (SSI) was diagnosed if a) organisms had been cultured from tissue or drainage from affected site, b) purulent drainage was obtained from affected site, and c) patients had at least two of the following signs or symptoms at the affected site with no other recognized cause: localized pain or tenderness, redness, swelling, or heat [E16].
[bookmark: _GoBack]Urinary tract infection (UTI) was defined as sepsis with fever(>38°C), pyuria (urine specimen with ≥10 WBC/mm3 of unspun urine or >5 WBC/high power field of spun urine) and a positive culture ≥105CFU/mL [E16], with no other obvious site of infection.
ICU costs
Costs were obtained according to the study period (2014-2015) available tariffs of diagnostic tests, certain therapeutic schemes and fixed reimbursement rate (direct medical costs only) for critically ill patients in Greek ICUs. Costs generating from emergency department, operating and recovery rooms as well as the fixed ICU costs (i.e. operational costs, staff salaries) were excluded [E21-E22]. ICU costs were collected from the Economic Department of the Hospital after appropriate authorization.

Results
ICU cost of care
ICU infections due to antibiotic-resistant pathogens (ABRP) were associated with ICU costs [13515±1019 vs. 8330±755, vs.4182±252€, for ABRP, non-ABRP and “no-infection” groups, respectively, PANOVA<0.001 (P<0.001 for ABRP vs. the other two groups, Bonferoni post-hoc analysis) (Table 3, main text). Among several clinical factors significantly associated with ICU cost of care on univariate analysis, ABRP-associated blood stream infections, along with cardiac arrest, tracheostomy, critical illness myopathy and colistin administration were independent determinants of ICU cost on multivariate linear regression analysis (Supplemental Table 2).
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Supplemental Table 1.  Multivariate binary regression model examining the effect of univariate risk factors (Table 2; main text) for the development of ABRP infections in ICU. A 2-tailed P value <0.05 was considered to be significant. 

	
	OR
	95% C.I. for OR
	P value

	Cardiac arrest
	1.944
	0.698
	5.516
	0.203

	APACHE II
	1.037
	0.981
	1.096
	0.199

	ARDS
	1.274
	0.572
	2.837
	0.553

	MODS score
	0.676
	0.584
	0.782
	<0.001

	CRRT
	4.453
	1.805
	10.982
	0.001

	ABRP= antibiotic resistant pathogen; ICU=intensive care unit; OR= odds ratio; CI= confidence interval; APACHE II= Acute Physiology and Chronic Health Evaluation Score II; ARDS= acute respiratory distress syndrome; MODS= multiple organ dysfunction syndrome; CRRT= continuous renal replacement therapy




Supplemental Table 2. Univariate and multivariate linear regression analysis for ICU cost. Only significant univariate determinants of ICU cost were included in the multivariate model.
	
	
	Univariate linear regression analysis
	
	
	
	Multivariate linear regression analysis
	

	Variables
	β
	Β (95% CI for B)
	P
	
	β
	B (95% CI for B)
	P

	(Constant)
	-
	-
	-
	
	-
	3149.1 (1956.8 – 4341.4)
	<0.001

	APACHE II
	0.154
	133.6 (43.4 – 223.8)
	0.004
	
	0.010
	7.99 (-58.24 - 74.22)
	0.813

	Sepsis
	0.105
	1397.5 (2.1-2792.9)
	0.05
	
	-0.025
	-336.8 (-1264.2 – 590.6)
	0.475

	Septic shock
	0.195
	3047 (1430.6 – 4663.5)
	<0.001
	
	-0.031
	-467.5 (-1806.6 – 871.6)
	0.493

	Cardiac arrest
	0.145
	3131.5 (862.8 – 5400.2)
	0.007
	
	0.074
	1609.3 (158.8 – 3059.9)
	0.030

	ARDS
	0.277
	4103.7 (2600.8 – 5606.6)
	<0.001
	
	0.035
	504.1 (-638.2 – 1646.5)
	0.386

	MODS score
	0.251
	600.4 (355.3 – 845.5)
	<0.001
	
	-0.012
	-27.6 (-243.3 - 188)
	0.801

	Obesity
	0.118
	2901.6 (321.1 – 5482.1)
	0.028
	
	0.038
	917.2 (-669.5 - 2504)
	0.256

	ARP
	0.518
	8525.4 (7044.9 – 10005.9)
	<0.001
	
	-0.073
	-1190.8 (-3778.7 - 1397)
	0.366

	BSI
	0.550
	7438.8 (6248.7 – 8628.8)
	<0.001
	
	0.081
	1071.8 (-271.8 – 2415.5)
	0.118

	BSI- ABRP
	0.503
	8945 (7327.7 – 10562.3)
	<0.001
	
	0.148
	2586.9 (124 – 5241.6)
	0.046

	Non-BSI
	0.422
	6677.5 (5167.9 – 8187.2)
	<0.001
	
	-0.005
	-11.4 (-182 – 159.12)
	0.895

	Colistin
	0.680
	9173.6 (8130.3 – 10216.9)
	<0.001
	
	0.367
	4824.4 (3578.8 - 6070.1)
	<0.001

	Tracheostomy
	0.597
	11696.2 (10038 – 13354.4)
	<0.001
	
	0.335
	6414.7 (4913.2 – 7916.4)
	<0.001

	Myopathy
	0.531
	9995.6 (8317 – 11674.2)
	<0.001
	
	0.179
	3271.1 (1848 – 4694.3)
	<0.001

	B,β, Unstandardized and standardized β coefficients, respectively; CI= confidence interval; APACHE II, Acute Physiology and Chronic Health Evaluation Score II; ARDS=acute respiratory distress syndrome; MODS= multi-organ dysfunction syndrome; ABRP= antibiotic-resistant pathogens; BSI= blood stream infections; BSI-ARP= blood stream infections due to ARPs; Non-BSI= other (except for BSI) sites of infections.







Supplemental Table 3. Cox regression survival analysis examining the effect of MDR infections on 2-year mortality, after adjusting for possible covariates of severe underlying illness.
	
	
	95% CI
	

	
	HR
	Lower
	Upper
	P value

	APACHE II
	1.102
	1.077
	1.126
	<0.001

	MODS score
	1.103
	1.050
	1.157
	<0.001

	ARDS
	0.799
	0.561
	1.138
	0.214

	CRRT
	1.341
	0.834
	2.156
	0.226

	MV prior to infection
	0.754
	0.501
	1.133
	0.174

	Cardiac arrest
	1.122
	0.698
	1.802
	0.635

	MDR infections
	1.300
	0.824
	2.050
	0.259

	MDR= multi-drug resistant pathogens; CI= confidence interval; HR= hazard ratio; APACHE II= Acute Physiology and Chronic Health Evaluation Score II; MODS= multiple organ dysfunction syndrome; ARDS= acute respiratory distress syndrome; CRRT= continuous renal replacement therapy; MV= mechanical ventilation.
Variables included in the Models were assessed for multicolinearity issues; All Variable Inflation Factors (VIF) ≤1.796

	




Supplemental Table 4. Multivariate linear regression analysis examining the effect of infections due to ABRP (Model 1) and XDR organisms (Model 2) on 2-year QALY values, adjusting for putative variables of critical illness severity.  

	
	Multivariate linear regression analysis

	
	Model 1
	
	Model 2

	Variables
	β
	Β (95% CI for B)
	P
	
	β
	B (95% CI for B)
	P

	(Constant)
	-
	1.153 (0.751, 1.544)
	<0.001
	
	-
	1.145 (0.746, 1.545)
	<0.001

	APACHE II
	-0.189
	-0.030 (-0.049, -0.010)
	0.003
	
	-0.181
	-0.029 (-0.048, -0.009)
	0.004

	MODS score
	-0.097
	-0.042 (-0.102, 0.018)
	0.166
	
	-0.119
	-0.052 (-0.111, 0.007)
	0.086

	ARDS
	-0.005
	-0.013 (-0.327, 0.302)
	0.937
	
	-0.008
	-0.021 (-0.335, 0.293)
	0.897

	CRRT
	0.066
	0.253 (-0.164, 0.669)
	0.233
	
	0.061
	0234 (-0.177, 0.644)
	0.263

	MV 
	-0.047
	-0.133 (-0.435, 0.170)
	0.389
	
	-0.051
	-0.144 (-0.447, 0.159)
	0.349

	Cardiac arrest
	0.059
	0.243 (-0.199, 0.684)
	0.280
	
	0.055
	0.224 (-0.218, 0.666)
	0.319

	ABRP infections
	-0.003
	-0.009 (-0.367, 0.348)
	0.960
	
	-
	-
	-

	XDR infections
	-
	-
	-
	
	0.049
	0.220 (-0.303, 0.743)
	0.409

	ABRP= antibiotic resistant pathogens; XDR= extensively-drug resistant pathogens; B,β= Unstandardized and standardized β coefficients, respectively; CI= confidence interval; APACHE II= Acute Physiology and Chronic Health Evaluation Score II; MODS= multi-organ dysfunction syndrome; ARDS=acute respiratory distress syndrome; CRRT= continuous renal replacement therapy; MV= mechanical ventilation prior to ICU infection. 
Variables included in the Models were assessed for multi-colinearity issues; All Variable Inflation Factors (VIF) ≤1.796
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