
Pulmonary arterial compliance in ARDS: clinical determinants 
and association with outcome from the FACTT cohort

Thomas S. Metkus, MD1, Emmanouil Tampakakis, MD1, Christopher J Mullin, MD2, Brian A. 
Houston, MD1, Todd M. Kolb, MD, PhD2, Stephen C. Mathai, MD2, Rachel Damico Maron, 
MD PhD2, Bradley A Maron, MD3, Paul M. Hassoun, MD2, Roy G. Brower, MD2, and Ryan J. 
Tedford, MD1

1Division of Cardiology, Department of Medicine, Johns Hopkins School of Medicine, Baltimore, 
MD, USA

2Division of Pulmonary and Critical Care Medicine, Department of Medicine, Johns Hopkins 
School of Medicine, Baltimore, MD, USA

3Department of Medicine, Division of Cardiovascular Medicine, Brigham and Women's Hospital, 
Boston, Massachusetts, USA; Department of Cardiology, Boston VA Healthcare System, Boston, 
Massachusetts, USA

Abstract

Objective—Pulmonary vascular dysfunction is associated with adverse prognosis in patients with 

the acute respiratory distress syndrome (ARDS), however the prognostic impact of pulmonary 

arterial compliance (CPA) in ARDS is not established.

Design, Setting, Patients—We performed a retrospective analysis of 363 subjects with ARDS 

who had complete baseline right heart catheterization data from the Fluid and Catheter Treatment 

Trial (FACTT) to test whether CPA at baseline and over the course of treatment predicted mortality.

Main Results—Baseline CPA (HR 1.18 per interquartile range [IQR] of 1/ CPA, 95% CI 

1.02-1.37; p=0.03) as well as pulmonary vascular resistance (PVR) (HR 1.28 per IQR, 95% CI 

1.07-1.53; p=0.006) both modestly predicted 60-day mortality. Baseline CPA remained predictive 

of mortality when PVR was in the normal range (p=0.02). Between day 0 and day 3, CPA 

increased in ARDS survivors and remained unchanged in non-survivors, while PVR did not 

change in either group. The resistance-compliance product (RC time) increased in survivors 

compared to non-survivors, suggesting improvements in RV load.

Conclusion—Baseline measures of CPA and PVR predict mortality in ARDS, and CPA remains 

predictive even when PVR is normal. CPA and RV load improve over time in ARDS survivors. 

Future studies should assess the impact of RV protective ARDS treatment on RV afterload and 

outcome.
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Background

The acute respiratory distress syndrome (ARDS) is associated with substantial morbidity 

and mortality (1-3), and refined risk stratification of ARDS patients is needed. ARDS-

associated right heart failure has been associated with poor outcome in some (4, 5) but not 

all (6) studies. Markers of static right ventricular (RV) afterload such as pulmonary vascular 

resistance (PVR) may predict adverse outcome (7) but do not account for the pulsatile nature 

of blood flow and wave reflections that contribute to RV afterload. Pulmonary arterial 

compliance (CPA) is a major component of RV pulsatile load, which is related both to PVR 

and left heart filling pressures (8, 9) and may also better characterize RV load when PVR is 

in the normal range (8, 10). Lower CPA has been associated with mortality in both 

pulmonary arterial hypertension and left heart failure (9-12), but has not been studied in 

ARDS. Given a possible important role of fluid balance and cardiac filling pressure in 

mitigating outcome in ARDS (13-16), we hypothesized that CPA would predict mortality in 

patients with ARDS. We also sought to characterize the relationship of CPA and PVR in 

ARDS and to determine clinical factors associated with both CPA and PVR.

Methods

Patient population

The Fluid and Catheter Treatment Trial (FACTT) was conducted by the ARDS Network. 

The trial randomized 1000 subjects with ARDS in a 2x2 factorial design to placement of 

either central venous catheter or pulmonary artery catheter and to either a conservative or 

liberal fluid management strategy (15, 17). Patients were receiving low tidal volume 

mechanical ventilation and had a PaO2/FIO2 ratio less than 300 and bilateral infiltrates not 

referable to hydrostatic edema, which was assessed clinically (15, 17). Patients with 

myocardial infarction within the prior 30 days and severe chronic lung disease were 

excluded from trial enrollment.

We obtained the trial dataset via the NIH BioLINCC data repository (18). Five hundred 

thirteen patients were randomized to pulmonary artery catheter placement. Of these, 146 

subjects were excluded due to lack of complete hemodynamic or clinical data (baseline 

systolic pulmonary artery pressure [SPAP], diastolic pulmonary artery pressure [DPAP], 

pulmonary artery wedge pressure [PAWP], cardiac index [CI], heart rate, height, and weight 

were required). In addition, 4 subjects were excluded because recorded hemodynamics 

generated a negative value for PVR. Therefore, 363 subjects with complete day 0 right heart 

catheterization data were included in this study. Cardiac filling pressures were measured 

with subjects supine at end-expiration based on ventilator pressure waveforms by study 

investigators (17). Cardiac output was measured by thermodilution (17). The study was 

approved by institutional review boards (IRB) at participating centers. The Johns Hopkins 
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IRB approved this analysis for exempt status given that all datasets were anonymized at time 

of receipt.

Markers of pulmonary vascular function

PVR was calculated with the standard formula: (mean PA pressure [mPAP] - PAWP)/cardiac 

output (CO). CPA was calculated as stroke volume (SV) divided by PA pulse pressure (8). 

The RC time is the product of CPA and PVR. In survival analyses, compliance was 

represented as the inverse of compliance (1/CPA) so that the effect was directionally 

comparable to that of PVR.

Statistics

Baseline characteristics and hemodynamics were compared using Chi-square, Student's T 

test or Wilcoxon rank-sum as appropriate. Non-linear regression was performed to identify 

the best-fit hyperbolic curve for CPA as a function of PVR (the RC curve). Separate RC 

curves were constructed for those subjects with PAWP < 12 mmHg (lowest quartile of 

PAWP) and > 19 mmHg (highest quartile of PAWP). These curves were compared after log-

log transformation with analysis of covariance (ANCOVA). The association of 1/CPA and 

PVR with death was investigated with Cox Proportional Hazard models. The proportional 

hazards assumption was met in all cases. Adjusted Cox models were then performed forcing 

in APACHE III score as a covariate. Receiver operator curves were constructed to compare 

the area under the curve for the association of PVR and 1/CPA with death and to determine 

the optimal cut-point for both PVR and 1/CPA using the method of Youden. Survival 

analysis was then performed using methods of Kaplan-Meier for 1/CPA and PVR at the 

identified optimal cut-point. Single linear regression was performed to determine 

associations of clinical variables with CPA and PVR. A two-tailed P value of less than 0.05 

was considered statistically significant. All analyses were performed using StataSE version 

14.

Results

Demographic, clinical and physiologic data are shown in Table 1. Compared with survivors, 

those who died were older, less likely to be Caucasian, had lower BSA, were more likely to 

be on vasopressors, and had higher APACHE III scores. Those who died had worse 

hemodynamic profiles including lower systemic blood pressures, higher heart rate and 

elevated markers of RV afterload (Table 2).

Demographic and clinical factors associated with CPA and PVR are summarized in 

Supplemental E-table 1. Clinical factors associated with both CPA and PVR included age, 

heart rate, BSA, and A-a gradient (p<0.05 for all). Lower body temperature (β -0.13, SE 

0.06, p=0.01) and higher ventilator driving pressure (β 0.14, SE 0.01, p=0.02) were 

associated with higher PVR but neither factor was associated with CPA. Lower arterial pH (β 
0.11, SE 0.14, p=0.04) was associated with lower CPA but not associated with PVR. Positive 

fluid balance (β -0.13, SE 0.0009, p=0.01) was associated with lower CPA but not associated 

with PVR.
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As expected, PVR and CPA were related in an inverse hyperbolic manner (Figure 1, panel 

A). Elevated left heart filling pressure resulted in a downward shift of the RC curve 

consistent with lower CPA at a given PVR, as shown in Figure 1, panel B (P < 0.0001 for 

comparison of curves after log-log transformation). Although higher PAWP lowered CPA at a 

given PVR, higher PAWP on day 0 was associated with a reduced risk of death (HR 0.96 per 

mmHg: 95% CI 0.93-1.0; P = 0.03).

Baseline CPA and PVR were modestly associated with death in univariate models (HR 2.84 

[95% CI 1.12-7.17 per unit] and 1.18 [95% CI 1.02-1.37 per IQR increase] for CPA, p = 

0.03; HR 1.20 [95%CI 1.06-1.36 per unit] and 1.28 [95% CI 1.07-1.53 IQR increase] for 

PVR, p =0.006). After adjusting for APACHE III score, PVR remained a significant 

predictor of mortality (HR 1.26, 95% CI 1.05-1.5, p=0.01) while only a trend remained for 

CPA (HR 1.15, 95% CI 0.99-1.34, p=0.07). These findings were not mediated solely by 

cardiac output nor stroke volume- in univariate analyses, neither cardiac output (HR 0.91 per 

IQR increase, 95% CI 0.70-1.18, p=0.5) nor stroke volume (HR 0.78 per increase in IQR, 

95% CI 0.60-1.02, p=0.07) was associated with mortality. The borderline association of 

mortality with stroke volume attenuated when adjusting for APACHE score (HR 0.88 per 

increase in IQR, 95% CI 0.68-1.14, p=0.3).

The area under the ROC curve for 1/CPA to predict 60-day death was 0.60 compared to 0.58 

for PVR (P =0.4). The optimal cut-point to predict death for 1/CPA was 0.30 mmHg/mL 

(3.33 mmHg/mL for CPA), which was 47% sensitive and 73% specific. The optimal cut-

point to predict death for PVR was 1.91 WU, which was 46% sensitive and 68% specific. 

Figure 2 demonstrates Kaplan-Meier curves for PVR and 1/CPA dichotomized at these cut-

points. In an analysis of the subset of the cohort with baseline PVR less than 3 WU (N=301 

of 363), 1/CPA greater than the predetermined optimal cut point remained associated with 

mortality (P = 0.02; e-Figure), although PVR did not (P = 0.2). In the PVR <3 WU cohort, 

subjects with lower CPA had lower stroke volume and lower cardiac index but similar PAWP 

(supplemental e-table 2) than those with higher CPA.

Figure 3 panels A and B display the trends in mean PVR and CPA over the first 4 complete 

trial days (days 0, 1, 2, and 3) for subjects with available data. At trial enrollment, subjects 

who ultimately died had lower baseline CPA, and CPA did not change over the first 4 trial 

days (P = 0.9). Subjects who ultimately lived had higher baseline CPA and CPA increased 

over the first 4 trial days (P = 0.02), and an increasing CPA was therefore associated with a 

lower likelihood of death (HR 0.58, 95% CI 0.37-0.91; P = 0.02) Subjects who ultimately 

died had higher baseline PVR, which did not change over the first 4 trial days (P=0.6). 

Consequently, the RC time increased in survivors (P=0.02) yet remained unchanged in non-

survivors, suggesting that survivors had less RV pulsatile load for a given PVR. Survivors 

also demonstrated decreasing heart rate, increasing stroke volume, and lower right atrial 

pressure, pulmonary artery pressure, and PAWP between day 0 and day 3 (supplemental E 

Table 3). The median cumulative fluid balance in survivors was positive 1.2 L (IQR -2.4 – 

+5.7 L) versus positive 5.6 L (IQR +1.8 - + 11.6 L) in non-survivors (P = 0.0001). There 

were no differences in assignment to a conservative fluid management strategy between the 

survivors and non-survivors (48% v. 43%, P = 0.5).
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Discussion

Major Findings

In this analysis of a modern ARDS cohort from FACTT, CPA- a marker of pulsatile RV 

afterload- and PVR- a marker of static RV afterload- are both modestly associated with 60-

day all-cause mortality, and CPA remains predictive even when PVR is in the normal range. 

CPA and PVR are related in an inverse hyperbolic fashion, consistent with other disease 

states. The pulmonary vascular RC curve in ARDS is sensitive to left heart filling pressure, 

and elevated PAWP lowers compliance independent of resistance which is anticipated and 

consistent with observations in other disease states. Finally, we demonstrate that CPA 

increases over time in patients who survive their ARDS while remaining constant in non-

survivors.

RC relationship in ARDS

We demonstrate for the first time in mechanically ventilated ARDS patients, that CPA and 

PVR follow an inverse hyperbolic relationship. Pulmonary hypertension associated with 

respiratory failure was first described by Zapol and Snider (19), and since then the 

dependence of CPA on PVR has been suggested in a number of studies including those with 

normal subjects (20), known or suspected pulmonary hypertension (8, 20, 21), and 

interstitial lung disease (8). This concept was perhaps best illustrated by Newman and 

colleagues who administered inhaled nitric oxide to subjects with vasoreactive PAH (22), 

demonstrating with falling PVR, CPA increased in a predictable fashion, with little impact on 

the RC time. A consequence of this RC relationship is that in order to reduce pulsatile RV 

load, PVR must be lowered to the steep portion of the RC curve (e.g. 1-3 WU). Small 

changes in PVR could dramatically impact CPA, potentially making CPA a better 

discriminator of RV load and survival in this range of PVR.

CPA in ARDS

Baseline CPA was associated with 60-day mortality in ARDS although it was not a clearly 

superior prognostic marker compared to PVR. PVR has been previously shown to predict 

mortality in the FACTT cohort by Bull and colleagues using different methodology (7). The 

association of CPA with mortality attenuated when adjusted for APACHE score, whereas the 

association of PVR did not. Our finding that CPA was associated not only with fluid balance, 

but also with acidosis, hypoxia, and tachycardia (variables included in APACHE) suggests 

that either CPA is more affected by variables associated with illness severity than PVR or 

that lower compliance itself impacts illness severity. Higher PAWP predictably decreased 

CPA at a given resistance. In this cohort, lower day 0 PAWP was associated with mortality. 

This “protective” association of higher PAWP could be a marker of more severe systemic 

vasodilatation, third spacing and hence more severe hemodynamic compromise among those 

with low PAWP. This relationship contrasts with left heart failure where elevation in PAWP 

(and lower compliance) is pathogenic. This could explain why baseline CPA was not clearly 

superior to PVR in predicting mortality as factors other than RV load impacted outcome.

Compliance was predictive of mortality in subjects with PVR < 3WU whereas PVR was not. 

Pellegrini also found CPA remained associated with mortality even when PVR was in the 
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normal range in a cohort of left heart failure patients (10). Our results also follow from 

studies that have demonstrated the prognostic utility of estimated pulmonary arterial 

compliance in other disease states such as heart failure and primary pulmonary hypertension 

(9, 11, 12, 23). There were no differences in baseline PAWP between survivors and non-

survivors in the PVR < 3WU cohort despite differences in CPA. Because left heart pressures 

impacted baseline compliance less in our cohort, these findings may speak more to the 

impact of small changes in PVR on compliance and total RV load (i.e. steepness of the RC 

curve).

We also found an increase in CPA during the study time course was associated with survival 

although PVR did not change dramatically in this group. The change in CPA was mediated at 

least in part by reduction in PAWP and less positive fluid balance. In a recent analysis from 

the FACTT data set, it was noted that among patients with lower filling pressures at baseline, 

a fluid conservative strategy was associated with benefit (13). Other studies in ARDS and 

critical illness have supported these findings as well (13, 24, 25). Avoiding positive fluid 

balance, when possible, should result in higher CPAdyn and reduce pulsatile RV afterload.

Therapeutic implications

Our findings represent associations of PVR and CPA with outcome, and it cannot be 

presumed that pulmonary vascular dysfunction causes increased mortality directly in this 

setting. Nonetheless, these associations should contribute to hypotheses regarding 

therapeutic implications of targeting pulmonary vascular dysfunction in ARDS. Although 

total RV load in the setting of a normal PVR likely remains modest, even when CPA is 

depressed, recent work has demonstrated that even borderline elevations in load may impact 

mortality (26). Modifying RV load therapeutically in ARDS has not been well studied. Trials 

assessing inhaled nitric oxide (iNO) in ARDS have shown no improvement in outcome (27, 

28) at a median dose across trials of 10 ppm. However, there is heterogeneity in both the 

oxygenation response and the hemodynamic response to iNO in ARDS, both between 

patients and over time within the same patient (29), and patients who respond to iNO have 

lower treatment-related PVR than non-responders (30). The impact of pulmonary 

vasodilators on right heart hemodynamics and the subsequent impact on outcome needs 

additional study.

An “RV protective” approach to mechanical ventilation in ARDS has been proposed (31-34) 

which incorporates limiting plateau pressure, avoiding respiratory acidosis, and titrating 

ventilator parameters to an endpoint of adequate RV function assessed with 

echocardiography. While the clinical effect of this approach on RV afterload has not been 

demonstrated prospectively, our results confirm that these components of RV protection- 

including ventilator driving pressure and acidosis- are indeed associated with PVR and CPA, 

and that fluid balance also plays an important role. Our results suggest that optimization of 

heart rate in patients with arrhythmia, avoidance of hypothermia (suggested by our study and 

others to increase pulmonary vascular resistance (35)), and avoiding positive fluid balance 

should be assessed in future studies of RV protection in ARDS. Our findings could 

contribute to the design of an RV protective approach to mechanical ventilation that should 

be evaluated prospectively. Although right heart catheterization use in ARDS is declining 
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(36), hemodynamics including CPA can be estimated by echocardiography (37) and echo-

estimated CPA is prognostic in PAH (11). Longitudinal tracking of CPA with 

echocardiography is an attractive strategy in ARDS, and should be investigated in 

prospective trials.

Limitations

This is a retrospective, observational study, and, thus, our findings are hypothesis generating 

and represent associations only. As such, causality cannot be inferred from relationships 

reported in this study. For example, it is not possible to determine if changes in CPA promote 

worsening hemodynamics, RV function and survival, or is simply a marker of illness 

severity. The specific cause of death was not available for this cohort, and, therefore, it was 

not possible to determine if patients died of RV failure or other causes. Few patients in our 

cohort were treated with prone positioning which has been demonstrated to have beneficial 

hemodynamic effects (38) This analysis is a hemodynamic analysis, whereas much of the 

literature defining the relationship between ARDS, outcome, and cor pulmonale relies on 

echocardiography findings (5, 31, 33, 34). Future studies should assess the 

echocardiographic correlates of CPA and PVR in ARDS enabling non-invasive assessment in 

ARDS. An additional limitation is that SV/PP represents a lumped simplification for 

compliance and some of this theory has recently been debated (39). Other parameters such 

as pulmonary artery elastance are also important lumped parameters of RV afterload, 

although they too have limitations and how to best estimate pulmonary artery elastance 

remains controversial (40). Hemodynamic measurements were made by study investigators 

at the bedside after formal hemodynamic assessment training. Although interpretation of 

hemodynamics may be variable among examiners even with training, we believe this likely 

represents a best case scenario for clinical practice. Even with variability, the changes in 

compliance and association with outcome were statistically significant, and measurement 

error likely would bias toward the null. Finally, we necessarily restricted our analysis to only 

those FACTT subjects with a complete hemodynamic data set at trial enrollment and prior to 

protocol mandated fluid management. Although it would be prudent to validate these 

findings in future cohorts, with declining use of the pulmonary artery catheter in ARDS, this 

will be challenging (36).

In conclusion, we demonstrate an inverse hyperbolic relationship between CPA and PVR in a 

cohort of patients with ARDS, which is modified by left heart filling pressure. Baseline CPA 

and PVR both predict mortality, and CPA predicts mortality even when PVR is normal. 

Improvement in CPA over time is associated with survival. Patient factors including age and 

heart rate and disease specific clinical factors such as fluid balance and ventilator driving 

pressure are associated with aspects of right ventricular afterload. Future studies should 

assess the value of non-invasive assessment of CPA in ARDS as well as the impact of RV 

protective ARDS treatment on RV afterload and outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Panel A) CPA plotted as a function of PVR for the entire cohort. Panel B): CPA as a function 

of PVR stratified by PAWP. (P < 0.0001 for comparison of curves after log-log 

transformation).
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Figure 2. 
Panel A) Kaplan-Meier survival curve for initial pulmonary vascular resistance (PVR) 

dichotomized by optimal cutpoint. Panel B) Kaplan-Meier survival curve for initial 1/CPA 

dichotomized by optimal cutpoint
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Figure 3. 
Panel A) Mean CPA on each of the first 4 trial days for subjects with available data at all 4 

points who survived (N=209) versus those who died (N=71). CPA did not change over time 

for non-survivors (P = 0.9 for trend) whereas it increased over time in survivors (P = 0.02 for 

trend).Panel B) Mean PVR on each of the first 4 trial days for subjects with available data at 

all 4 points who survived (N=194) versus those who died (N=68). PVR did not change in 

survivors (P = 0.1 for trend) or non-survivors (P = 0.6 for trend).
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Table 1
Demographic, clinical and physiologic data, stratified by survival

Clinical factor Overall (N=363) Survived (N=261) Died (N=102) P

Age (years) 48 (38-61) 46 (37-58) 52 (41-67) 0.002

Male gender 190 (52%) 133 (51%) 57 (56%) 0.4

Caucasian race 238 (66%) 182 (70%) 56 (55%) 0.008

Body-surface area (m2) 1.9 (1.8-2.2) 2.0 (1.8-2.2) 1.9 (1.7-2.0) 0.003

Vasopressor use (%) 118 (33%) 73 (28%) 45 (44%) 0.003

Cause of ARDS (primary)

 trauma 27 (7%) 21 (8%) 6 (6%) 0.5

 sepsis 78 (21%) 52 (20%) 26 (25%) 0.2

 aspiration 52 (14%) 41 (16%) 11 (11%) 0.2

 pneumonia 182 (50%) 129 (49%) 53 (52%) 0.7

 other (ie, pancreatitis, fat embolism syndrome, near drowning, 
idiopathic) 21 (6%) 16 (6%) 5 (5%) 0.7

APACHE III score 93 (70-115) 86 (64-106) 109 (91-131) 0.00001

Tidal volume (mL) 450 (400-520) 450 (390-514) 450 (400-544) 0.4

PEEP (cm H2O) 10 (5-12) 10 (5-12) 8 (5-12) 0.9

Plateau pressure (cm H2O) 26 (22-30) 26 (22-30) 27 (22-31) 0.4

Driving pressure (cmH2O) 16 (13-20) 16 (13-20) 17 (13-23) 0.3

Peak pressure (cm H2O) 32 (27-38) 32 (26-37) 33 (27-39) 0.3

Fraction of inspired oxygen 0.6 (0.5-0.8) 0.6 (0.5-0.8) 0.6 (0.5-0.8) 0.3

Arterial pH 7.37 (7.3-7.43) 7.37 (7.31-7.43) 7.37 (7.28-7.42) 0.3

Arterial pCO2 39 (34-45) 40 (34-45) 39 (33-44) 0.4

A-a gradient 287 (200-411) 281 (191-406) 319 (210-434) 0.2

PaO2/fIO2 ratio 146 (100-200) 148 (102-200) 138 (88-202) 0.3

Arterial pO2 82 (68-103) 82 (68-103) 78 (66-104) 0.4

Data shown as median (IQR) or N(%). ARDS: acute respiratory distress syndrome; APACHE: acute physiology and chronic health evaluation; 
PEEP: positive end-expiratory pressure; A-a: alveolar-arterial
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Table 2
Hemodynamic data, stratified by survival

Clinical factor Overall (N=363) Survived (N=261) Died (N=102) P

Systolic blood pressure (mmHg) 111 (97-129) 112 (100-130) 104 (94-117) 0.001

Diastolic blood pressure (mmHg) 59 (51-69) 60 (52-69) 55 (48-64) 0.002

Mean arterial pressure (mmHg) 76 (67-87) 79 (68-89) 71 (64-82) 0.0002

Heart rate (beats per minute) 100 (85-117) 98 (84-115) 106 (92-121) 0.02

Cardiac index (L/min/m2) 4.0 (3.2-5.1) 4.0 (3.3-5.1) 4.0 (3.0-5.0) 0.6

Stroke volume (mL) 80 (60-102) 83 (65-105) 72 (54-100) 0.007

Right atrial pressure (mmHg) 13 (9-16) 13 (10-17) 12 (8-14) 0.0007

PA systolic pressure (mmHg) 42 (36-50) 42 (36-49) 44 (36-51) 0.4

PA diastolic pressure (mmHg) 22 (18-27) 22 (18-27) 22 (18-27) 0.5

PA mean pressure (mmHg) 29 (24-35) 29 (24-35) 29 (24-35) 0.9

Pulmonary artery wedge pressure (mmHg) 16 (12-19) 16 (12-20) 15 (11-18) 0.02

Pulmonary vascular resistance (WU) 1.6 (1.1-2.5) 1.5 (1.0-2.4) 1.8 (1.1-3.0) 0.02

Pulmonary arterial compliance (mL/mmHg) 4.0 (3.0-5.6) 4.2 (3.2-6.0) 3.5 (2.6-5.3) 0.002

RC time (s) 0.41 (0.29-0.53) 0.41 (0.30-0.52) 0.40 (0.28-0.54) 0.8

Fluid balance (24 hours prior, mL) 196 (-16-498) 149 (-45-383) 296 (65-628) 0.0007

Temperature 37.5 (36.8-38.2) 37.6 (36.9-38.2) 37.4 (36.4-38.1) 0.05

Data shown as median (IQR) or N(%). PA: pulmonary artery; RC: resistance-compliance
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