Association of haemodynamic changes measured by serial central venous saturation during ultrafiltration for acutely decompensated heart failure with diuretic resistance and change in renal function.
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Abstract (word count 250)
	
Background
Patients with acute decompensated heart failure with diuretic resistance (ADHF-DR) have a poor prognosis. The aim of this study was to assess in patients with ADHF-DR, whether haemodynamic changes during ultrafiltration (UF) are associated with changes in renal function (Δcreatinine) and whether Δcreatinine post UF is associated with mortality.

Methods
Seventeen patients with ADHF-DR underwent 20 treatments with UF. Serial bloods (4-6 hourly) from the onset of UF treatment were measured for renal function, electrolytes and central venous saturation (CVO2). Univariate and multivariate analysis were performed to assess the relationship between changes in markers of haemodynamics [heart rate (HR), systolic blood pressure (SBP), packed cell volume (PCV) and CVO2] and Δcreatinine. Patients were followed up and mortality recorded. Cox-regression survival analysis was performed to determine covariates associated with mortality.

Results
Renal function worsened after UF in 17 of the 20 UF treatments (baseline vs. post UF creatinine: 164± 58 vs. 185±69 μmol/l, P<0.01). ΔCVO2 was significantly associated with Δcreatinine [β-coefficient of -1.3 95%CI (-1.8 to -0.7), p<0.001] and remained significantly associated with Δcreatinine after considering changes in SBP, HR and PCV [p<0.001]. Ten (59%) patients died at 1-year and 15(88%) by 2-years.  Δcreatinine was independently associated with mortality (adjusted-hazard ratio 1.03 (1.01 to 1.07) per 1 μmol/l increase in creatinine; P=0.02).

Conclusions
Haemodynamic changes during UF as measured by the surrogate of cardiac output was associated with Δcreatinine. Worsening renal function at end of UF treatment occurred in the majority of patients and was associated with mortality. 























Introduction

Heart failure is a complex clinical syndrome characterised by the reduced ability of the heart to pump blood around the body. The overall burden of HF on western health care systems is high, such that in the United States the cost is over $30.7 billion for 2013, 68% of which was attributed to hospital care [1]. Acute decompensated heart failure (ADHF) is a leading cause of hospital admissions, with volume overload being the hallmark of this condition.   With advancing disease frequently patients may display ‘diuretic resistance’ [2, 3]. One approach for treating fluid retention in patients with diuretic resistance, as recommended in international guidelines, is to mechanically remove fluid with devices that can perform ultrafiltration (UF) [4, 5].   Data from several studies in patients with acute decompensated heart failure suggests that a significant proportion of patients develop worsening renal function, however this is likely to be transient and to date not reported to be associated with adverse outcome [5-9]. However in a recent study of patients with acutely decompensated heart failure with diuretic resistance and estimated GFR of <60 ml/min, ultrafiltration lead to worsening renal function (WRF), and at 1-year 75% of these patients had died. 

During UF it is recommended to monitor clinical variables, such as heart rate (HR) and systolic blood pressure (SBP), to detect any haemodynamic compromise that may occur during UF secondary to fluid removal [10].   Monitoring haematocrit using an infra-red haematocrit sensor, which may only be available in some devices, has been recommended as an aid to monitoring of fluid removal, such that an increased haemoconcentration could reflect a state in which excessive fluid is removed from the intravascular compartment, indicating the need for lowering the removal rate or stopping the fluid removal altogether [11].  From our experience, however, we have not found monitoring of hemoconcentration useful in patients with diuretic resistance, because patients with ADHF-DR often develop WRF before haemoconcentration occurs and hence before the haematocrit sensor would raise an alarm. Therefore we hypothesized that patients with ADHF-DR are likely to develop clinical or subclinical haemodynamic compromise that may lead to worsened renal failure due to reduce renal perfusion. Therefore, as part of our clinical practice as patients had central venous access, we examined the potential of serial central venous oxygen saturation (CVO2) measurements to identify haemodynamic compromise and therefore patients at higher risk of worsening renal glomerular function. This could represent a surrogate marker of mixed venous oxygen saturation and, via the Fick equation, marker of cardiac output and therefore renal perfusion, particularly as CVO2 performs accurately in low cardiac output states [12].   

The aim of this study was to assess in patients with ADHF-DR, whether subclinical or clinical haemodynamic changes as measured by heart rate (HR), systolic blood pressure (SBP), packed cell volume (PCV) or serial central venous saturation (CVO2) occurring during ultrafiltration are related to the changes in renal function (Δcreatinine). Furthermore, we aimed to assess whether Δcreatinine post UF in patients with ADHF-DR is associated with mortality.


Methods

Subjects
As this was a retrospective analysis of data collected prospectively for routine care, individual informed consent was not required (UK National Research Ethics Service). Consecutive patients admitted to our institution with ADHF failing to loose >0.5 Kg in weight loss to at least 250 mg/24 hours of furosemide were referred for treatment with UF. Ultrafiltration was performed using Aquadex or Prismaflex systems (Gambro, Sweden) via central venous access.   2D Doppler echocardiography, baseline blood tests, and 4-6 hourly serial bloods from the tip of the central venous catheter for renal function, electrolytes and CVO2 (blood gas machine, Radiometer, Copenhagen) were measured from the onset of UF treatment.   Patients were monitored on the high dependency unit with hourly recording of UF rate, fluid balance and vital signs.

Ultrafiltration
The rate of fluid removal (UF rate) was tailored to each patient as per protocol.   The latter included an initial removal rate of 200mls/hr but the presence of pulmonary hypertension and severe right ventricular dysfunction triggered a lower UF rate of 100-150mls/hr.   The rate was lowered if there were signs of reduced SBP, poor peripheral perfusion or a large fall in CVO2 (arbitrarily defined as >5% from baseline CVO2). UF therapy was terminated once the patient’s estimated “dry” weight was achieved or earlier in the case of an adverse event. 

Calculation of covariates over time
For each patient, delta (Δ) values were calculated by subtracting the value for every 2 litres of ultrafiltrate removed from the baseline values for the following covariates: Creatinine, CVO2, HR and SBP. For estimating percentage change in packed cell volume (PCV), the delta values were calculated and divided by the baseline values, and reported as a percentage change. Subsequently, for each additional 2 litres of ultrafiltrate removed, we summarized the data for the cohort into mean Δ values for serum creatinine, CVO2, HR, SBP and PCV. Furthermore observations of Δcreatinine were categorized into one of three groups of change in renal function: “Improved” renal function group (Δcreatinine >26 μmol/l fall), “no change” in renal function group (Δcreatinine groups <26 μmol/l change) and the “WRF” group (Δcreatinine ≥26 μmol/l  rise) [13].

Statistical analysis 
Data are presented as mean and standard deviation (SD) or median (interquartile range) for data that are normally distributed and non-normally distributed, respectively.   Baseline and post-UF treatment covariates were compared using paired Student’s t-test or Wilcoxon Sign rank tests. Test for trend was used to assess differences between ordinal categorical data of more than 2 groups. Changes in the covariates over time were considered as repeated measures data. Therefore univariate and multivariate regression analysis were performed using generalized estimating equations (GEE) with an exchangeable correlation structure to assess the relationship between ΔCVO2 and changes in renal function. The multivariate GEE models were constructed to assess the relationship between change in renal function and ΔHR, ΔSBP and ΔPCV. Multivariate Cox regression survival analysis using age, heart rate, systolic blood pressure, baseline creatinine, change in creatinine post UF, haemoglobin, albumin, left ventricular systolic function, pulmonary artery systolic pressure, right ventricular systolic function as measured by tricuspid annular plane systolic excursion, the use of inotrope/vasopressor were constructed to assess the relationship between change in renal function and mortality. Statistical significance was assumed at p<0.05. Analysis was performed using STATA (version 13.1, StataCorp LP, College Station, Texas).

Results
Subjects

A total of 17 patients with diuretic resistant ADHF underwent 20 treatment with UF.  Three patients had UF treatment twice on two separate admissions, so there were data from a total of 20 UF treatments overall. The baseline characteristics of the patients are illustrated in table 1.   The majority of our cohort was male with HF with reduced ejection fraction on optimal medical therapy.   A significant proportion had raised pulmonary pressures and reduced right ventricular systolic function on echocardiography, in addition to renal dysfunction. 

Ultrafiltration

The median duration of treatment with ultrafiltration was 88 hours, with a median of 12 litres of fluid removed.   Three patients had more than 14 litres of fluid removed.   There was a significant reduction in weight from baseline to the end of treatment for the cohort (table 1).   At the end of UF treatment there was a significant rise in creatinine over the treatment period.   Changes in renal function, heart rate, blood pressure components, packed cell volume, arterial and venous saturations for every 2 litres of ultrafiltrate are summarized in table 2. 


Relationship between Δcreatinine and ΔCVO2

As the initial 2 litres of fluid was removed, there was a rise in mean ΔCVO2 corresponding to a fall in mean Δcreatinine.   Subsequently with further fluid removal there was a fall in mean ΔCVO2 which corresponded to a rise in mean Δcreatinine (figure 1). Univariate analysis demonstrated that ΔCVO2 was significantly associated with Δcreatinine (table 3). Univariate regression analysis also showed ΔSBP, was significantly associated with Δcreatinine, however ΔHR and ΔPCV were not (table 3).   Multivariate analysis, demonstrated that ΔCVO2 was the only covariate independently associated with Δcreatinine after taking into consideration ΔHR, ΔSBP and ΔPCV in the model (table 3). 
Not all of the UF treatments included having more than 4 litres of fluid removed. As seen  in table 2, the number of UF treatments contributing to data drops as more fluid is removed, leading to generation of missing data. In order to consider the impact of missing data on our results a sensitivity analysis was performed using UF data, up to 8 litres of fluid being removed i.e. data from 16 UF treatments. The sensitivity analysis also supported our findings that that CVO2 was significantly associated with changes in creatinine in univariate and multivariate analysis [β-coefficient -1.07 (-1.52 to -.063); P<0.001]. 

When observations of Δcreatinine were categorized by renal function, the WRF category had significantly lower values for ΔCVO2 observations [median change of -9 (-16 to 0)%] compared to the no change [median 0.9 (-5 to 8.1)%] and improved renal function groups [median 0.9 (-5.8 to 7.5)%] (Figure 2). 



Adverse events

Treatment with ultrafiltration was well tolerated overall, however treatment in one patient was complicated by line infection towards the end of treatment with UF, and another patient had excessive haemorrhage from the line site, resulting in early termination of UF therapy.   Furthermore in nine UF treatments involving 8 patients there was significant drop in CVO2 with or without a drop in systolic blood pressure and a subsequent rise in creatinine.   In this situation fluid removal was reduced or stopped for several hours and patients were commenced on low dose dopamine (2 to 5 mcg/Kg/min) with UF either recommenced or continued. This led to improved CVO2 and either a stabilisation of or a reduction in creatinine levels.   In our cohort, there was a significant rise in creatinine at the end of treatment with UF (table 1).

Mortality
Of the seventeen patients undergoing UF, 10(59%) died within a year and 15 (88%) died within 2-years of follow up from the time they had UF. There was a significant and independent association between change in renal function and mortality (adjusted hazard ratio 1.03 (1.01 to 1.07) per 1 μmol/l increase in creatinine; P=0.02), such that for every 1 μmol/l increase in creatinine post UF the risk of mortality increased by 3%.


Discussion

This study of our clinical practice in 17 patients undergoing 20 treatments with UF, demonstrates that serial measurement of CVO2 was associated with changes in creatinine, with a fall in ΔCVO2 associated with a rise in Δcreatinine. Conversely a rise in ΔCVO2 resulted in a fall Δcreatinine.  These results suggest that changes in creatinine are related to the transient changes in cardiac output that are seen during UF in patients with heart failure. The majority (88%) of patients with ADHF-DR who underwent UF died by 2-years, the median survival was 212 days. Worsening renal function in this cohort was independently associated with mortality. 

The presence of clinical or subclinical hemodynamic compromise is likely to be dependent on an imbalance of how rapidly fluid is removed from the intravascular compartment during UF and how quickly this can be re-filled from the extra-vascular compartment.   Several factors are likely to influence the plasma refill rate.   These include hydrostatic pressure (the pressure gradient between arterioles and venules) and the oncotic pressure.   Important contributors to the latter include albumin level and the packed cell volume.   This complex relationship is further complicated when we consider hemodynamic changes that can occur in the presence of right ventricular disease and the presence of pulmonary hypertension, states in which the fluid removal rate should be lower to avoid hemodynamic compromise.

A study performed by Marenzi and colleagues showed that there was no hemodynamic compromise during UF in 24 patients with refractory HF when up to 4 litres of fluid was removed [10].   Indeed our data supports this finding, in that the first 4 litres of fluid removed was associated with favorable hemodynamics and improved or stable creatinine levels.   In our cohort, however, the removal of greater than 4 litres of ultrafiltrate was associated with a fall in CVO2, likely reflecting a fall in cardiac output and thus renal perfusion with subsequent worsening of renal function, which occurred in some patients without any significant change to HR or SBP. 

Our cohort of patients had more than 3 times more fluid removed compared to the study by Marenzi and colleagues [10], therefore the amount of fluid that is removed may be important factor in the development of WRF. It may be physiologically beneficial to remove up to 4 litres without disturbing the hemodynamics significantly (as measured by CVO2), but the removal of more than 4-litres is more likely to lead hemodynamic compromise and subsequent renal dysfunction. In addition, our cohort of patients compared to those in Marenzi and colleagues study [10], commonly had evidence of significant right ventricular disease and elevated pulmonary arterial pressures, which are features of more advanced heart failure.   Thus our patients were more likely to be susceptible to subclinical or clinical hemodynamic compromise during ultrafiltration. 

Our finding also stress the importance of the use of an adaptive removal rate, and the use of serial CVO2 monitoring as an adjunct to HR and SBP monitoring may help adjust the removal rate to avoid more significant deterioration in renal function due to reduced renal perfusion. If a fixed removal rate were utilized as in the CARRESS-HF, then we would expect to see greater degree of renal dysfunction in our cohort [9].

We accepted that CVO2 measurement as a proxy for cardiac output (and renal perfusion), a limitation of this study is the lack of invasive measurement of cardiac output. However, there are ample data supporting CVO2 as a surrogate of mixed venous oxygen saturation, and via the Fick equation, an approximation of cardiac output [14-16].   Particularly in low cardiac output states, the mixed venous saturation is less prone to measurement error of cardiac output via the Fick equation compared to high cardiac output states [12] With limited routine use of pulmonary artery catheters (11) CVO2 monitoring is likely simpler and more feasible. An advantage of using serial CVO2 measurements in patients undergoing UF is that most patients have central venous access, and venous blood can be analysed rapidly using a blood gas analyser. Another limitation of the study is the potential issue of missing data generated from UF treatments that include more than 4 litres of fluid being removed, however as described a sensitivity analysis found a similar result that CVO2 was significantly associated with changes in creatinine. 


In conclusion haemodynamic changes during ultrafiltration as measured by the surrogate of cardiac output (and renal perfusion) are associated with changes in renal function, such that with a fall in CVO2 associated with a rise in serum creatinine. Worsening renal function occurred in the majority of patients and was associated with high mortality rate at 1 and 2-years.  Larger studies are required to assess the role of UF in patients with acutely decompensated heart failure with diuretic resistance.
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FIGURES 

Figure 1 
Title: Mean and standard deviation of a) changes in central venous oxygen level (ΔCVO2) and b) changes in creatinine (Δcreatinine) from baseline values for every 2 litres of ultrafiltrate removed.
This figure demonstrates that as the initial 2 litres of fluid were removed, there was a rise in mean ΔCVO2 corresponding to a fall in mean Δcreatinine.   Subsequently with further fluid removal beyond 4 litres, there was a fall in mean ΔCVO2 which corresponded to a rise in mean Δcreatinine.
 
Figure 2
Title: Median and Interquartile range of observations of change in central venous saturation when observations of change in creatinine are categorized by renal function into “improved”, “no change” and “worsening” renal function during ultrafiltration.
Across the three categories of renal function, the worsening renal function category had significantly the lowest values for ΔCVO2 observations [median change of -9 (-16 to 0)%] compared to the no change and improved renal function categories [median change of 0.9 (-5 to 8.1)% and 0.9 (-5.8 to 7.5)% respectively], p for trend <0.001 (Figure 2). 
(“Worsening renal function” category defined by Δcreatinine >26 μmol/l rise from baseline, “no change in renal function” category by Δcreatinine >26 μmol/l change from baseline and “improved renal function” by Δcreatinine >26 μmol/l fall from baseline).




TABLES 
Table 1. 
Title: Characteristics of the 17 patients with acute decompensated heart failure and diuretic resistance treated with ultrafiltration (UF). Three patients were treated twice, therefore there were in total 20 UF treatments


Table 2.
Title: Mean and standard deviation of baseline and Δ values for several covariates for every 2 litres removed by ultrafiltration.

Table 3
Results of univariate and multivariate regression analysis using generalized estimating equations (GEE) with an exchangeable correlation structure to assess the relationship between changes in central venous saturation, heart rate, systolic blood pressure, packed cell volumes and changes in creatinine from baseline.








	Table 1
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	N=17  undergoing 20 Ultrafiltration treatments

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	Age (years)
	 
	 
	65±13
	 
	 
	 

	 
	Female (%)
	 
	 
	21
	 
	 
	 

	 
	Weight (kg)
	 
	 
	81±17
	 
	 
	 

	 
	Height (metres)
	 
	 
	1.7±0.1
	 
	 
	 

	 
	Medical history (N[%])
	 
	 
	 
	 
	 
	 

	 
	     Ischaemic Heart Disease
	 
	 
	6 (35)
	 
	 
	 

	 
	     Valvular heart disease
	 
	 
	5 (29)
	 
	 
	 

	 
	     HOCM
	 
	 
	1 (6)
	 
	 
	 

	 
	     Dilated cardiomyopathy
	 
	 
	7 (41)
	 
	 
	 

	 
	     Hypertension
	 
	 
	5 (29)
	 
	 
	 

	 
	     Stroke
	 
	 
	2 (12)
	 
	 
	 

	 
	     Atrial fibrillation
	 
	 
	14 (82)
	 
	 
	 

	 
	     Diabetes Mellitus
	 
	 
	5 (29)
	 
	 
	 

	 
	     Cardiac resynchronization therapy
	 
	8 (47)
	 
	 
	 

	 
	     Implantable Defibrillator
	 
	 
	7 (41)
	 
	 
	 

	 
	Medications (N[%])
	 
	 
	 
	 
	 
	 

	 
	     Loop
	 
	 
	17 (100)
	 
	 
	 

	 
	     Thiazide
	 
	 
	11 (65)
	 
	 
	 

	 
	     Mineralocorticoid Receptor Antagonist
	9 (53)
	 
	 
	 

	 
	     ACEI/ ARB
	 
	 
	14 (82)
	 
	 
	 

	 
	     Betablocker
	 
	 
	14 (82)
	 
	 
	 

	 
	     Warfarin
	 
	 
	17 (100)
	 
	 
	 

	 
	Bloods
	 
	 
	 
	 
	 
	 

	 
	     Haemoglobin (g/dl)
	 
	 
	123±20
	 
	 
	 

	 
	     Sodium (mmol/l)
	 
	 
	132±5
	 
	 
	 

	 
	     Potassium (mmol/l)
	 
	 
	4.1±0.5
	 
	 
	 

	 
	     Creatinine (μmol/l )
	 
	 
	164±58
	 
	 
	 

	 
	     Urea (mmol/l)
	 
	 
	21±8
	 
	 
	 

	 
	     Albumin (g/l)
	 
	 
	32±5
	 
	 
	 

	 
	     Total Protein (g/l)
	 
	 
	65±9
	 
	 
	 

	 
	     Alanine Transaminase (IU)
	 
	 
	22±15
	 
	 
	 

	 
	     Alkaline Phosphatase (IU)
	 
	 
	165±89
	 
	 
	 

	 
	     Bilirubin (μmol/l)
	 
	 
	27±16
	 
	 
	 

	 
	     Prothrombin Time (sec)
	 
	 
	24±10
	 
	 
	 

	 
	     APTT (sec)
	 
	 
	57±50
	 
	 
	 

	 
	     BNP (ng/l)
	 
	 
	1117 (939-1665)
	 
	 

	 
	Echocardiography
	 
	 
	 
	 
	 
	 

	 
	     LV ejection fraction (%)
	 
	 
	32±15
	 
	 
	 

	 
	     TAPSE (cm)
	 
	 
	1.1±0.4
	 
	 
	 

	 
	     PASP (mmHg)
	 
	 
	62±18
	 
	 
	 

	 
	20 Ultrafiltration (UF) treatments
	 
	 
	 
	 
	 
	 

	 
	     Position of CV access
	 
	 
	3 treatment femoral, 17 internal jugular

	 
	     Duration of treatment (hours)
	 
	 
	88(63-120)
	 
	 
	 

	 
	     Total fluid removed (litres)
	 
	 
	12.0 (9.8-14.5)
	 
	 

	 
	     Weight at end of treatment (kg)
	 
	73±18*
	 
	 
	 

	 
	     Total Weightloss (Kg)
	 
	 
	8.5±3.7
	 
	 
	 

	 
	     Creatinine at end of UF (μmol/l )
	 
	184±69*
	 
	 
	 

	 
	     Treatments ending with WRF
	 
	 
	17
	 
	 
	 

	 
	     Sodium at end of UF (mmol/l)
	 
	 
	128±7*
	 
	 
	 

	 
	     Haemoglobin at end of UF (g/Dl)
	 
	119±27
	 
	 
	 

	 
	     Dopamine use (n)
	 
	 
	9
	 
	 
	 

	 
	Median (IQR) Length of hospital stay (days)
	22 (12-43)
	 
	 
	 

	 
	Median (IQR) Length of stay from start of UF (days)
	13(10-20)
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	Activated partial thromboplastin time (APTT), Angiotensin converting enzyme inhibitor (ACEI),

	 
	Angiotensin receptor blocker (ARB), Brain natriuretic peptide (BNP)
	 
	 

	 
	Central venous (CV), left ventricular (LV), Pulmonary artery systolic pressure (PASP),  
	 

	 
	Tricuspid annular plane systolic excursion (TAPSE), worsening renal function (WRF) defined
	 

	 
	 by creatinine >26 μmol/l  from baseline).
	 
	 
	 
	 
	 

	 
	Dopamine was used in 9 UF treatments in 8 patients
	 
	 
	 
	 

	 
	Mean and standard deviation is given for normally distributed data
	 
	 

	 
	Median and inter-quartile range (IQR) for data that is not normally distributed
	 
	 

	 
	Comparison of baseline values with end of UF values for covariates  
	 
	 

	 
	*P-value <0.01 
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	Table 2
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	Actual mean values
	Mean Δ values for every 2 litres of fluid removed by ultrafiltration
	 
	 
	 

	 
	 
	 
	at baseline
	2L
	4L
	6L
	8L
	10L
	12L
	14L
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Number of patients 
	 
	20
	20
	20
	19
	16
	12
	11
	7
	 

	Creatinine (mg/dl)
	 
	1.86±0.62
	-0.03±0.2
	0.00±0.3
	0.15±0.4
	0.20±0.4
	0.28±0.6
	0.32±0.5
	0.61±0.6
	 

	eGFR  
	 
	 
	49±29 (ml/min/1.73m2 )
	5±18%
	2±24%
	-4±25%
	-10±20%
	-9±19%
	-16±20%
	-25±14%
	 

	Mean Heart Rate (beats per minute)
	79±15
	-1±6
	-4±15
	-6±18
	-4±17
	-7±16
	-8±20
	-2±7
	 

	Systolic Blood Pressure (mmHg)
	106±18
	-6±10
	-5±14
	-8±19
	-6±14
	-11±14
	-6±15
	-18±9
	 

	Diastolic Blood pressure (mmHg)
	67±9
	-3±8
	-2±10
	-8±12
	-3±9
	-4±13
	-6±9
	-10±5
	 

	Mean Arterial pressure (mmHg)
	80±10
	-4±7
	-3±9
	-8±13
	-4±9
	-7±14
	-6±9
	-13±5
	 

	Arterial Oxygen saturation (%)
	97±2
	-1±2
	-1±2
	-1±2
	-1±3
	1±2
	0±3
	1±2
	 

	Central Venous oxygen saturation (%)
	52±18
	1±10
	0±12
	-3±13
	-2±12
	-3±10
	-1±15
	-8±7
	 

	Packed cell volume (%)
	 
	36±6
	0±10
	0±12
	-1±13
	-1±12
	0±10
	-1±15
	-1±7
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 




	Table 3
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Covariates
	Univariate Analysis
	 
	 
	Multivariate Analysis
	 

	 
	β-Coefficient
	95% CI
	P Value
	 
	β-Coefficient
	95% CI
	P Value

	Δ  CV02 (%) 
	-1.22
	(-1.76 to -0.67)
	<0.0001*
	 
	-1.28
	(-1.84 to -0.72)
	<0.0001*

	Δ Heart Rate (beats per minute)
	-0.25
	(-0.75 to 0.25)
	0.313
	 
	-0.11
	(-0.60 to 0.37)
	0.651

	Δ Systolic Blood Pressure (mmHg)
	-0.62
	(-1.22 to -0.02)
	0.04*
	 
	-0.44
	(-0.98 to 0.10)
	0.111

	Δ Packed Cell Volume (%)
	-293
	(-799 to 212)
	0.256
	 
	-334
	(-762 to 93)
	0.125

	 
	 
	 
	 
	 
	 
	 
	 

	Symbols and abbreviations: Δ= delta values, central venous oxygen saturation( CV02), percentage (%)
	 
	 

	P<0.05 is taken as statistically significant*
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Figure 1b
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