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Abstract

Background and Aims: Invasive hemodynamics may provide a more nuanced
assessment of cardiac function and risk phenotyping in patients undergoing cardiac
surgery. The systemic pulse pressure (SPP) to central venous pressure (CVP) ratio
represents an integrated index of right and left ventricular function and thus may
demonstrate an association with valvular heart surgery outcomes. This study
hypothesized that a low SPP/CVP ratio would be associated with mortality in
valvular surgery patients.

Methods: This retrospective cohort study examined adult valvular surgery patients
with preoperative right heart catheterization from 2007 through 2016 at a single
tertiary medical center (n=215). Associations between the SPP/CVP ratio and
mortality were investigated with univariate and multivariate analyses.

Results: Among 215 patients (age 69.7 +12.4 years; 55.8% male), 61 died
(28.4%) over a median follow-up of 5.9 years. A SPP/CVP ratio <7.6 was
associated with increased mortality (relative risk 1.70, 95% confidence interval
[CI] 1.08-2.67, p=.019) and increased length of stay (11.56 + 13.73 days vs.
7.93+4.92 days, p=.016). It remained an independent predictor of mortality
(adjusted odds ratio 3.99, 95% Cl 1.47-11.45, p = .008) after adjusting for CVP,
mean pulmonary artery pressure, aortic stenosis, tricuspid regurgitation,

smoking status, diabetes mellitus, dialysis, and cross-clamp time.

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; CVP, central venous pressure; mPAP, mean pulmonary artery pressure; ROC, receiver operating characteristic; SPP, systemic

pulse pressure; STS, Society of Thoracic Surgeons.
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1 | INTRODUCTION

Proper risk stratification of patients undergoing valvular heart
surgery is crucial in improving surgical outcomes. A robust risk score
may adequately inform patient selection, guide patient-clinician
shared decision making, and in specific instances enhance presurgical
optimization to facilitate improved operative outcomes.! Many of the
risk scores used in cardiac surgery have multivariable inputs heavily
weighted on patient-specific factors such as the presence or absence
of comorbid conditions, as well as procedural factors such as case
urgency.? More recently there has been a growing recognition of the
importance of physiological markers integrating the overall perform-
ance of left and right circulatory systems.>™* However, there is a
paucity of risk modeling frameworks integrating global cardiac
functional assessment in risk status.

Cardiac valvular lesions often have pathophysiological conse-
qguences beyond the proximal location that may have deterministic
import on postoperative outcomes. For example, severe mitral
valve stenosis is associated with pulmonary hypertension that may
negatively impact the right ventricle and incrementally increase
the risks of surgical intervention.> Systemic pulse pressure (SPP),
calculated as systemic systolic pressure minus diastolic pressure, is
a hemodynamic variable that reflects the contractile efficiency of
the left ventricle. A low pulse pressure may be a proxy for low
cardiac output or ventricular-arterial uncoupling.® Similarly, central
venous pressure (CVP) is a hemodynamic variable that reflects
right ventricular preload.” Accordingly, SPP indexed to CVP may
represent an integrated index of the left and right ventricles.
Leveraging this rationale of using an original index that considers
the physiological integrity of right and left ventricular function, we
hypothesized that a low SPP/CVP ratio would be associated with
increased mortality among patients undergoing valvular heart

surgery.

2 | MATERIALS AND METHODS

2.1 | Study design and population

This retrospective cohort study investigated adult valvular surgery
patients at a single academic medical center from May 2007 to
October 2016. All patients were prospectively enrolled in the Society
of Thoracic Surgeons (STS) National Database, with queried variables

Conclusions: A low SPP/CVP ratio was associated with worse outcomes in patients
undergoing valvular heart surgery. This metric has potential utility in preoperative

risk stratification to guide patient selection, prognosis, and surgical outcomes.

heart failure, hemodynamic monitoring, perioperative mortality, pulmonary hypertension,
valvular surgery, ventricular dysfunction

collected as part of routine care. Aortic valve replacement, mitral
valve replacement, and mitral valve repair surgeries were included.
Concurrent coronary artery bypass grafting was not an exclusion
criterion, however, the frequency of this concurrent procedure is
reported within the study results. In accordance with the study
objectives, patients were excluded if they did not undergo
preoperative right heart catheterization with simultaneous systemic
blood pressure measurement. Patients were also excluded if their
preoperative echocardiographic parameters were unavailable. While
the patient selection was limited to May 2007-October 2016,
mortality was followed through May 2020, the time at which
statistical analysis began.

The study protocol was approved by the Institutional Review

Board with a waiver of written consent.

2.2 | Measurements and data handling

The primary endpoint was mortality. To reduce length-time bias,
patients were followed for 10 years or until May 2020, whichever
came first. For nondeceased patients, survival in May 2020 was
assumed after verifying >95% adherence to at least one documented
postoperative medical encounter. Postoperative length of stay was
investigated as a secondary endpoint.

The independent variable of interest was the SPP/CVP ratio. CVP
was obtained from invasive pressure transduction during right heart
catheterization, and SPP was obtained simultaneously after validation by
procedural staff. Cardiac preoperative right heart catheterization was
performed as clinically indicated in this retrospective observational study.
At the authors’ institution, an estimated 11.6% of all valvular surgery
patients undergo preoperative right heart catheterization.®

2.3 | Baseline characteristics

Independent variables also included age, sex, current smoker,
hypertension diagnosis, diabetes diagnosis, preoperative end-stage
renal disease on dialysis, preoperative atrial fibrillation, heart failure
preoperative clinical diagnosis, preoperative ejection fraction (%),
mean pulmonary artery pressure (mPAP), aortic stenosis, aortic
insufficiency, tricuspid regurgitation, STS predicted risk of operative
mortality, urgent/emergent case status, valve procedure, concurrent

coronary artery bypass, and aortic cross-clamp time.
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Urgent and emergent cases were grouped together due to the low
frequency (n = 3) of emergent cases. Aortic stenosis was categorized as
present or absent per the STS registry. Aortic insufficiency and tricuspid
regurgitation were initially graded as trivial/trace, mild, moderate, or
severe. Given the low frequency of severe aortic insufficiency (n = 10) and
severe tricuspid regurgitation (n=2), the reported rates of aortic
insufficiency and tricuspid regurgitation represent moderate to severe
grading of valvular pathology. Otherwise, no modifications were made to

the raw data in the registry.

2.4 | Sample size calculation

An a priori power analysis was conducted. To detect an absolute
mortality difference of 10% among two SPP/CVP cohorts (mortality
risks 25% and 15% respectively, effect size w=0.25) with 80%
power, a sample size of n>124 was needed.” The mortality risk
estimates of 15%-25% for a presumed 5-10 year study duration
were based on preliminary exploratory analyses by other
investigators at the authors' institution. The final sample size
obtained by applying the above inclusion and exclusion criteria
to this observational study of consecutive cases acceptably

exceeded this minimum value.

2.5 | Statistical analyses

Statistical analysis was performed with R version 4.1.2 (R Core Team).*°
Continuous variables were summarized by mean + standard deviation,
while categorical variables were summarized by frequency (%). All
hypothesis tests were two-sided, with significance defined by a =.05.

The SPP/CVP ratio was discretized according to a receiver
operating characteristic (ROC) analysis applied to patient mortality.**
Youden's index identified an optimal SPP/CVP ratio to use for
discretization. The sensitivity and specificity of this SPP/CVP ratio
were calculated.

Kaplan-Meier survival curves were generated for the SPP/CVP
strata. Survival differences were assessed with the log-rank p value
for the test statistic.2%13

Baseline differences between SPP/CVP strata were investigated
with univariate analyses. The Student's t test was applied to
continuous variables while Pearson's chi-square test without conti-
nuity correction was applied to categorical variables. Associations
between SPP/CVP ratio and the primary and secondary endpoints
were also investigated with the above univariate tests.

A multivariate analysis was then conducted, modeling mortality
against SPP/CVP and/or other relevant predictors. Preoperative and
operative characteristics demonstrating marginal association (p <.10)
with mortality on univariate analysis were considered potential
predictors in the multiple logistic regression model. Variable selection
was accomplished by backward stepwise model adjustment by
Akaike information criterion. Adjusted odds ratios (AOR) and
accompanying confidence intervals (Cl) are reported for the

CARDIAC SURGERY

TABLE 1 Demographic data

Characteristic Mean + SD or Frequency (%) n

Preoperative

Age (years) 69.73+12.42 215
Sex (male) 120/215 (55.8%) 215
Current smoker 35/215 (16.3%) 215
Hypertension 168/215 (78.1%) 215
Diabetes 76/215 (35.3%) 215
Dialysis 14/215 (6.5%) 215
Atrial fibrillation 30/215 (14.0%) 215
Heart failure 173/215 (80.5%) 215
Ejection fraction (%) 5472 +£14.06 198
SPP 65.01 +24.08 207
CVvP 8.18 +4.77 210
SPP/CVP ratio 13.07+14.78 202
mPAP 31.25+11.88 215
Aortic stenosis 145/215 (67.4%) 215
Aortic insufficiency 29/215 (13.5%) 215
Tricuspid regurgitation 27/215 (12.6%) 215
STS predicted mortality 0.07+£0.07 215
Operative
Urgent/emergent 85/215 (39.5%) 215
AV replacement 153/215 (71.2%) 215
MV repair 27/215 (12.6%) 215
MV replacement 35/215 (16.3%) 215
Coronary artery bypass 58/215 (27.0%) 215
Cross-clamp time (mins) 77.92 £25.62 207
Outcomes
Deceased 61/215 (28.4%) 215
Postoperative length of 9.68 £10.05 215

stay (days)

Abbreviations: AV, aortic valve; CVP, central venous pressure; mPAP,

mean pulmonary artery pressure; MV, mitral valve; SD, standard
deviation; SPP, systemic pulse pressure; STS, Society of Thoracic

Surgeons.

independent predictor(s) of mortality. Model discrimination was

assessed with the c-statistic.'*

3

3.1 | Demographics

| RESULTS

Among 215 patients (age 69.7 £ 12.4 years; 55.8% male), 61 died
(28.4%) over a median follow-up of 5.9 years (Table 1). Only nine
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FIGURE 1 Receiver operating characteristic analysis, mortality
versus SPP/CVP ratio. AUC, area under the curve

patients (4.2%) were missing a documented postoperative
encounter. All nine of these patients were living at hospital
discharge and were ultimately classified as survivors in May 2020
after cross-validating with the institutional Decedent Affairs
department and the state and neighboring states' Departments of
Health. Thus none of the 215 patients were excluded from the
analysis. Preoperative right heart catheterization and echo-
cardiography preceded surgery by median of 6 days and 14 days,

respectively.

3.2 | Receiver operating characteristic and survival
analyses

ROC analysis demonstrated that a SPP/CVP ratio < 7.6 predicted
mortality with 59.6% sensitivity and 58.6% specificity (Figure 1). The
SPP/CVP ratio < 7.6 did not achieve statistical significance on survival

analysis over the study period (p =.064) (Figure 2).

3.3 |
strata

Univariate analyses comparing SPP/CVP

Compared to those with SPP/CVP ratio>7.6, an SPP/CVP
ratio < 7.6 was associated with younger age, male sex, decreased
incidence of hypertension, lower ejection fraction, greater mPAP,
decreased incidence of aortic stenosis, decreased incidence of
aortic insufficiency, and decreased incidence of aortic valve
correction. Of note, SPP/CVP cohorts did not differ in their
incidence of tricuspid regurgitation or STS predicted risk of
operative mortality.

o |
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FIGURE 2 Survival analysis by SPP/CVP ratio. CVP, central
venous pressure; SPP, systemic pulse pressure

A SPP/CVP ratio < 7.6 was associated with increased mortality
(34/94 vs. 23/108, p=.019), and increased length of stay
(11.56 +13.73 days vs. 7.93 +4.92 days, p =.016) (Table 2).

3.4 | Multivariate analysis modeling mortality
against predictors

Mortality was associated with SPP/CVP ratio<7.6 (unadjusted
relative risk = 1.70, 95% Cl [1.08-2.67]) along with smoking status,
diabetes mellitus, dialysis, urgent/emergent case status, coronary
artery bypass grafting, and cross-clamp time. SPP demonstrated no
association (63.69 +22.76 vs. 65.53 + 24.64, p =.609), CVP demon-
strated marginal association (9.24+4.96 vs. 7.76 +4.64, p =.051),
and mPAP demonstrated a significant association with mortality
(34.85+12.64 vs. 29.82+11.28, p=.008). Aortic insufficiency
demonstrated no association (unadjusted relative risk =0.83, 95%
Cl [0.42-1.65]), aortic stenosis demonstrated marginal association
(unadjusted relative risk = 1.62, 95% Cl [0.96-2.74]), and tricuspid
regurgitation demonstrated a significant association with mortality
(unadjusted relative risk =1.89, 95% Cl [1.19-2.99]). Mortality was
associated with an increased STS predicted risk of operative mortality
(0.10£0.09 vs. 0.05 £0.06, p <.001) (Table 3).

The above characteristics demonstrating at least a marginal (p <.10)
association with mortality were considered predictors in a multiple logistic
regression model with subsequent variable selection accomplished by
backwards stepwise model adjustment by Akaike information criterion.
The SPP/CVP ratio<7.6 was independently predictive of mortality
(AOR=3.99, 95% Cl [1.47-11.45], p=.008) after adjusting for CVP
(AOR =0.87, 95% Cl [0.76-0.99], p =.043), mPAP (AOR = 1.04, 95% Cl
[1.00-1.09], p =.071), aortic stenosis (AOR = 6.83, 95% Cl [2.56-20.86],
p <.001), and tricuspid regurgitation (AOR =5.43, 95% Cl [1.88-16.32],
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TABLE 2 Univariate analyses Characteristic SPP/CVP>7.6n=108 SPP/CVP<7.6n=94 n  pvalue
comparing SPP/CVP strata
Preoperative
Age (years) 73.70+£9.86 66.62+12.86 202 <.001
Sex (male) 52/108 (48.1%) 61/94 (64.9%) 202  .017
Current smoker 14/108 (13.0%) 18/94 (19.1%) 202 .230
Hypertension 93/108 (86.1%) 68/94 (72.3%) 202 .015
Diabetes 34/108 (31.5%) 37/94 (39.4%) 202 242
Dialysis 5/108 (4.6%) 7/94 (7.4%) 202 .398
Atrial fibrillation 14/108 (13.0%) 15/94 (16.0%) 202 545
Heart failure 83/108 (76.9%) 80/94 (85.1%) 202 138
Ejection fraction (%) 57.62+12.03 52.62+14.96 185 .014
mPAP 26.00 £10.45 36.89 +£10.81 202 <.001
Aortic stenosis 87/108 (80.6%) 52/94 (55.3%) 202 <.001
Aortic insufficiency 20/108 (18.5%) 8/94 (8.5%) 202 .040
Tricuspid regurgitation 10/108 (9.3%) 17/94 (18.1%) 202 066
STS predicted mortality 0.06 +0.05 0.07+0.08 202 .066
Operative
Urgent/emergent 39/108 (36.1%) 40/94 (42.6%) 202 .349
AV replacement 90/108 (83.3%) 56/94 (59.6%) 202 <.001
MV repair 8/108 (7.4%) 19/94 (20.2%) 202 <.001
MV replacement 10/108 (9.3%) 19/94 (20.2%) 202 <.001
Coronary artery bypass 34/108 (31.5%) 22/94 (23.4%) 202 .201
Cross-clamp time (mins) 77.04 £23.17 79.49 £29.63 195 .528
Outcomes
Deceased 23/108 (21.3%) 34/94 (36.2%) 202  .019
Postoperative length of 7.93+4.92 11.56 +13.73 202 .016

Abbreviations: AV, aortic valve; CVP, central venous pressure; mPAP, mean pulmonary artery
pressure; MV, mitral valve; SPP, systemic pulse pressure; STS, Society of Thoracic Surgeons.

p =.002), along with smoking status, diabetes mellitus, dialysis, and aortic
cross-clamp time in hours (Table 4). Adjustments for SPP and aortic
insufficiency were not made due to the insignificant associations
demonstrated by the preceding univariate analyses. The model demon-
strated good discrimination (c-statistic = 0.803).

4 | DISCUSSION

The present study demonstrated that a low SPP/CVP ratio is
independently predictive of mortality after adjusting for covariates.
However, the SPP/CVP ratio alone showed only a marginal
association with mortality on ROC and survival analysis. In conjunc-
tion, these findings suggest that the SPP/CVP index is unlikely to
serve as a standalone early marker of mortality, but rather aid in risk
stratification when considered alongside other established risk

factors. It is worth noting that the STS predicted risk of operative
mortality demonstrated a strong univariate association with mortality
over the entire study period. Despite this, the multivariate model
containing just SPP/CVP ratio and eight additional routine predictors
performed outstandingly well (c-statistic = 0.803).

The significance of aortic stenosis, tricuspid regurgitation, and
preoperative end-stage renal disease cannot be understated. The
adjusted odds with which these characteristics predicted mortality
exceeded that of the SPP/CVP ratio and of the other model
predictors. Additionally, each of these comorbidities has an associ-
ated hemodynamic profile which will be discussed in more details.
Regardless, an SPP/CVP ratio < 7.6 remained independently predic-
tive of mortality even after adjusting for valve lesions and renal
dysfunction.

The cardiovascular system is intrinsically pulsatile in nature and is

characterized by both ventricular-arterial and ventricular-ventricular
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Characteristic Aliven =154 Deceased n = 61
Preoperative
Age (years) 69.10+12.45 71.31+12.30

Sex (male)

Current smoker

Hypertension

Diabetes

Dialysis

Atrial fibrillation

Heart failure

Ejection fraction (%)

SPP

CvP

SPP/CVP ratio < 7.6

mPAP

Aortic stenosis

Aortic insufficiency

Tricuspid regurgitation

STS predicted mortality
Operative

Urgent/emergent

AV replacement

MV repair

MV replacement

Coronary artery bypass

Cross-clamp time (mins)

84/154 (54.5%)
31/154 (20.1%)
117/154 (76.0%)
44/154 (28.6%)
6/154 (3.9%)
22/154 (14.3%)
123/154 (79.9%)
55.21+13.73
65.53+24.64
7.76 £4.64
60/145 (41.4%)
29.82+11.28
98/154 (63.6%)
22/154 (14.3%)
14/154 (9.1%)
0.05+0.06

53/154 (34.4%)
106/154 (68.8%)
24/154 (15.6%)
24/154 (15.6%)
35/154 (22.7%)
75.39+25.17

36/61 (59.0%)
4/61 (6.6%)
51/61 (83.6%)
32/61 (52.5%)
8/61 (13.1%)
8/61 (13.1%)
50/61 (82.0%)
53.43+14.98
63.69 £22.76
9.24+4.96
34/57 (59.6%)
34.85+12.64
47/61 (77.0%)
7/61 (11.5%)
13/61 (21.3%)
0.10+0.09

32/61 (52.5%)
47/61 (77.0%)
3/61 (4.9%)

11/61 (18.0%)
23/61 (37.7%)
84.75+25.78

n el TABLE 3 Univariate analysis
identifying potential predictors (p <.10)
for model selection

215 .238

215 552

215 .015

215 222

215 <.001

215 .014

215 .823

215 727

198 448

207 .609

210 .051

202 .019

215 .008

215 .058

215 .587

215 .015

215 <.001

215 .015

215 .104

215 .104

215 .104

215 .026

207 .022

Abbreviations: AV, aortic valve; CVP, central venous pressure; mPAP, mean pulmonary artery
pressure; MV, mitral valve; SPP, systemic pulse pressure; STS, Society of Thoracic Surgeons.

interactions.’> % As shown in previous studies, ventricular-arterial
interactions have been associated with adverse outcomes in patients
undergoing cardiac surgery.*® SPP is influenced by ventricular-arterial
interactions and encompasses the combined effects of left ventricu-
lar contractile properties and arterial characteristics such as input
impedance.?”?° Thus, the SPP serves as a proxy for ventricular-
arterial interactions and can be utilized as a prognostic tool for
patients undergoing valvular heart surgery.?! Unfavorable
ventricular-ventricular interactions as reflected by a high mean
arterial pressure to mPAP ratio have also been associated with
increased morbidity and mortality among patients undergoing
valvular heart surgery.® Specifically, right ventricular function has
been shown to be an important prognostic indicator for patients with
various cardiac conditions including those undergoing surgery.?22®
CVP, a proxy for right ventricular function, reflects the right

ventricular preload and by extension marks the right ventricular

contractile response to afterload imposed on it. Thus a rising CVP
signals a compensatory adaptation to right ventricular workload.
These physiologic principles are of the utmost importance in
valvular surgery patients, as patients with severe left-sided valvular
cardiac lesions not only have impaired left ventricular mechanical
efficiency as a consequence of these pathologies, but often develop
right ventricular dysfunction via mechanisms related to increased
passive filling pressures causing pulmonary vascular remodeling. It is
estimated that up to 100% of patients with severe mitral valve
disease and 65% of patients with severe aortic valve disease have
elevated pulmonary artery pressure.>*?¢ In line with this patho-
physiologic rationale, patients with a low SPP/CVP ratio had lower
left ventricular ejection fraction, elevated mPAP, and increased CVP
profiles reflecting putative left and right heart interactions and
pulmonary hypertension as a potential modulator. Patients with a low
SPP/CVP ratio had echocardiographic profiles that were only partially
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TABLE 4 Multivariate analysis
modeling mortality against predictors

Characteristic
Preoperative
Current smoker
Diabetes
Dialysis
CvP
SPP/CVP ratio < 7.6
mPAP

Aortic stenosis

Tricuspid regurgitation

Operative

Cross-clamp time (h)

CARDIAC SURGERY

B Standard error Adjusted odds ratio [95% CI] p value

-0.91 0.64 0.40 [0.10-1.27] 152
1.04 0.41 2.83 [1.28-6.36] .010
1.86 0.77 6.41 [1.47-31.59] .016

-0.14 0.07 0.87 [0.76-0.99] .043
1.38 0.52 3.99 [1.47-11.45] .008
0.04 0.02 1.04 [1.00-1.09] .071
1.92 0.53 6.83 [2.56-20.86] <.001
1.69 0.55 5.43 [1.88-16.32] .002
1.14 0.42 3.12 [1.36-7.26] .007

Abbreviations: Cl, confidence interval; CVP, central venous pressure; mPAP, mean pulmonary artery
pressure; SPP, systemic pulse pressure.

concordant with what was expected. Those with a low SPP/CVP ratio
did have a significantly lower incidence of aortic insufficiency (8.5%
vs. 18.5%, p=.040) and a nonsignificant trend towards greater
incidence of tricuspid regurgitation (18.1% vs. 9.3%, p =.066). In the
case of aortic stenosis, the predominant profile was that of a lower
SPP/CVP ratio.

This study is limited both by its novelty and its design. Given
that the SPP/CVP ratio has not been studied previously, it was
discretized following ROC analysis. This methodology was thought
to yield a more objective and replicable SPP/CVP ratio than
discretization by quartile or percentile as was done in a preliminary
investigation. However, the authors recognize that different study
samples may identify different SPP/CVP thresholds for predicting
mortality and/or other adverse events.?” The accuracy of this
threshold alone was fair, at best. Estimating early mortality (within
30 days or 1 year) will require investigation of a multicenter
cohort, given the favorable early survival rates demonstrated by
this analysis. It is possible that the effect demonstrated by the
SPP/CVP ratio may be attributable to patient cardiopulmonary
disease burden, rather than represent a unique modifiable risk
factor. However, elective surgical patients (60.5% in the present
sample) can presumably undergo medical optimization, which may
improve their hemodynamic indices and surgical risk profiles. Only
patients with complete hemodynamics from preoperative right
heart catheterization were included in this study. Thus, there exists
a potential for selection bias given that the right heart catheteri-
zation may have been obtained in patients who were relatively
sicker requiring invasive hemodynamics. Finally, the present
results are contingent on the validity of the study sample's
hemodynamic measurements. Reliability could have been im-
proved with dynamic invasive arterial pressure transduction,
however, this was not clinically indicated during routine diagnostic

28,29

testing. It is the authors’ hope that future prospective

studies can test the replicability of these results. Investigating a

multi-center cohort will also allow for adequately powered
investigation of more homogenous subgroups, either by specific
procedure (aortic valve replacement vs. mitral valve repair/
replacement, with or without coronary artery bypass), or by
valvular pathology.

CONCLUSION In summary, the SPP/CVP ratio is a readily
calculable hemodynamic index that reflects both ventricular-arterial
and ventricular-ventricular coupling mechanisms. Mortality was
predicted by an SPP/CVP ratio less than 7.6 with higher odds than
those of the SPP or CVP in isolation, as well as that of mPAP. Valvular
pathology remained an important independent predictor of mortality.
Further, an SPP/CVP was also associated with increased length of
stay which might have a direct bearing on increased utilization of
health care resources. Assessment of this hemodynamic index may
help inform the patient selection and preoperative optimization in the
valvular surgery population. Future studies are needed to validate the
prognostic utility of the SPP/CVP ratio in cardiac surgical patients
and investigate whether optimization of the index before surgery

would be associated with favorable outcomes.
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