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Abstract

Background—While hemodynamic monitoring is often performed following coronary artery
bypass grafting (CABG), the relationship between postoperative central venous pressure (CVP)
measurement and clinical outcomes is unknown.

Methods—Detailed clinical data were analyzed from 2,390 randomly selected patients
undergoing high risk CABG or CABG/valve at 55 hospitals participating in the Society of
Thoracic Surgeons' National Cardiac Surgery Database from 2004 to 2005. Eligible patients
underwent elective/urgent isolated CABG with an ejection fraction < 40%, or elective/urgent
CABG at age =65 years with diabetes or a glomerular filtration rate 60 mL/min per 1.73 m2.
Correlation between post-operative CVP and in-hospital / 30-day mortality and renal failure was
assessed as a continuous variable, both unadjusted and after adjusting for important clinical factors
using logistic regression modeling.

Results—Mean age was 72 years, 54% of patients had diabetes mellitus, 49% were urgent
procedures, and mean cardiopulmonary bypass time was 105 minutes. Patients’ CVP 6 hours post-
operation was strongly associated with in-hospital and 30 day mortality: odds ratio (OR) 1.5 (95%
confidence interval [CI] 1.23, 1.87) for every 5 mmHg increase in CVP, p<0.0001. This
association remained significant after risk-adjustment for cardiac index: adjusted OR 1.44 (95%
Cl 1.10, 1.89), p<0.01. A model adjusting for cardiac index also revealed increased incidence of
mortality or renal failure: adjusted OR 1.5 (95% CI 1.28, 1.86) for every 5 mmHg increase in
CVP, p<0.0001.

Conclusion—Patients’ central venous pressure at 6 hours following CABG surgery was highly
predictive of operative mortality or renal failure, independent of cardiac index and other important
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clinical variables. Future studies will need to assess whether post-operative CVP can be used to
guide intervention and improve outcomes.

Many higher risk coronary artery bypass graft (CABG) surgery patients have a pulmonary
artery catheter placed pre-operatively to help guide clinical management [1, 2]. Much
attention is often paid to assuring patients’ have adequate cardiac output and index in the
perioperative period. However, central venous pressure (CVP) is another quick and simple
hemodynamic parameter in the acute recovery period [1]. Despite its frequent measurement,
the importance and role of CVP as a prognostic indicator has not received wide-spread study
or attention. As such, we sought to investigate the prognostic value of CVP measurement
among a multi-institutional cohort of high-risk CABG patients in the post-surgical intensive
care unit setting. Our specific questions were whether CVP correlates with death and/or
renal failure, whether the relationship, if any, is continuous or stepped, and whether there
exists any association between CVP and outcome independent of baseline preoperative
factors and/or cardiac index.

METHODS
The CAPS-Care Registry

The Contemporary Analysis of Perioperative Cardiovascular Surgical Care (CAPS-Care)
registry is a sample of 2,390 high risk patients from the Society of Thoracic Surgeons Adult
Cardiac Surgery Database (STS ACSD) in whom retrospective chart reviews were
performed to supplement existing registry data. Clinical data for the STS ACSD were
collected using methods described fully elsewhere [3]. Data definitions are standardized, and
site data coordinators receive initial and ongoing training in these definitions. Sites
voluntarily submit data to the data coordinating center and receive site-specific feedback,
benchmarked against regional and national results. Overall completeness of procedure
reporting and mortality event reporting in patients age =65 has been validated against
national Medicare claims files [4]. Accuracy of individual data elements has been validated
in regional analyses with agreement rate >95% [3]. The STS also conducts annual on-site
data audits for randomly selected database participants.

From among the greater than 1,000 STS ACSD participant centers, 50 sites were chosen for
inclusion in CAPS-Care based on records of high quality data submission. Forty-eight of
these selected sites, collecting data for 55 hospitals, secured institutional review board
approval for study participation. Sites were trained to abstract charts using the standardized
CAPS-Care case report form. Detailed pre-operative, operative, and post-operative
information was collected.

Patient Population

Patients undergoing CABG between January 2004 and June 2005 were screened for
inclusion in CAPS-Care. For eligibility, EF< 40% or age = 65 years with either diabetes
mellitus or a glomerular filtration rate (GFR) <60 mL/min per 1.73 m2 was required.
Patients <18 years old and those undergoing emergent surgery or with preoperative
cardiogenic shock were excluded. Among eligible cases, 50 were randomly selected at each
of the 48 participating sites (n=2390 cases). Of these 2390 CABG cases, 263 also underwent
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concomitant tricuspid or mitral valve repair or replacement and those patients were excluded
from the present analysis.

CVP measurements

To create the CAPS-Care registry, abstracted hemodynamic data were directly linked to the
STS ACSD using unique patient identifiers. The Duke University School of Medicine
Institutional Review Board granted a waiver of informed consent and authorization for this
study. CVVP measurements were successfully abstracted at 2 time points as part of the CAPS-
Care study: immediately upon ICU arrival and 6 hours postoperatively. The change in CVP
from ICU arrival to 6 hours postoperatively was also calculated for study.

Clinical Outcomes

The primary endpoints were operative mortality defined as in-hospital or 30-day mortality
and renal failure defined as postoperative in-hospital renal failure, new-onset dialysis, or
readmission for renal failure, was identified as a secondary outcome of interest as a
composite endpoint with mortality [5].

Statistical Analysis

Patient and operative characteristics were summarized for the study cohort, with categorical
variables presented as percentages and continuous variables presented as medians with
2575t percentiles unless otherwise stated. CVP was selected a priori as our exposure of
interest. CVP was normally distributed across the study population, allowing the use of
parametric modeling techniques.

We studied the correlation between mortality and CVP at ICU arrival and 6 hours, as well as
the magnitude of the change between these two time points, in order to determine at which
point CVP was most closely correlated with clinical outcomes. Patients with missing CVP at
arrival and/or at 6 hours were excluded from the analysis. Primary analysis of CVP
measurement was selected at the time point which correlated most strongly with outcome.

Logistic regression modeling was used to determine the relationship between CVP and
mortality. Unadjusted and risk-adjusted models were constructed. Variables included in the
risk-adjusted model were those known to be most predictive of mortality following CABG
(age, perfusion time, diabetes, lung disease) [6]. The relationship between CVVP and
endpoints was assessed for linearity and CVP was transformed when needed.

In an additional sensitivity analysis among those patients for whom cardiac index was also
measured at 6 hours postoperatively, we assessed the relationship between CVP and
mortality stratified by cardiac index = or < 2.0 L/min/m?2.

All analyses were performed using SAS System version 9.2.
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RESULTS

Patient Population

CVP was not captured in 126 patients at either ICU arrival or at 6 hours. In-hospital/30-day
mortality rate in patients excluded from and included in the analysis were similar (5.0% vs.
4.8%). Table 1 displays the baseline clinical and operative characteristics of the 2001 CABG
patients with CVP captured in the CAPS-Care registry. Mean age was 72 with 54% of
patients having diabetes mellitus and a mean cardiopulmonary bypass time of 105 minutes
[25t75t percentile = 82, 135]. Excluded from risk-adjusted analysis were 337 patients with
a missing value for age, perfusion time, diabetes mellitus, or lung disease and were not
included in the risk-adjusted model. The subsets of patients included in the unadjusted
(n=1834) and risk-adjusted (n=1497) models for mortality at 30 days were not clinically
different from the overall study cohort (Table 1).

Unadjusted Models

Figure 1 displays the association between central venous pressure (CVP) at 6 hours and
predicted probability of operative death. Increasing CVP correlated with increasing risk of
operative mortality across the entire range of recorded CVP values. CVP at 6 hours
postoperatively was associated most strongly with mortality. The correlation between the
outcome and both CVP at ICU arrival and the change in CVP between ICU arrival and 6
hours postoperatively were similar to the results displayed in Figure 1. CVP at 6 hours was
selected as the CVP measurement for the primary outcomes analysis. CVP at 6 hours
postoperatively also allowed for a period of optimization in the ICU after arrival from the
operating room post-CABG and maximized data capture (CVP not measured following
central venous catheter removal). Figure 2 displays unadjusted curves for predicted 30-day
mortality stratified by cardiac index = or < 2.0 L/min/m2. The shapes of the two curves (for
those patients with cardiac index = 2.0 L/min/m? versus those with index < 2.0 L/min/m?)
are approximately the same.

Table 2 displays model results for the association between 6-hour postoperative CVP and
mortality and the composite of mortality and renal failure. Tests for linearity of CVP on
each outcome revealed a p-value for non-linearity between CVP at 6 hours and in-
hospital/30 day mortality of 0.77. An unadjusted mortality model revealed an odds ratio
(OR) of 1.5 (95% confidence interval [CI] 1.23, 1.87; p<0.0001) for increased mortality
with every 5 mmHg increase in CVP. C-index for this unadjusted model was 0.62. For
mortality or renal failure, the unadjusted model revealed an OR of 1.7 (95% CI 1.44, 1.99;
p<0.001) for increased mortality or renal failure with every 1 mmHg increase in CVP (Table
2).

One hundred forty (7.6%) patients suffered renal failure. The relationship between renal
failure alone and CVP was non-linear and therefore a model was fitted with two linear
splines for CVP < 9 mmHg and CVP =9 mmHg. An unadjusted model for renal failure
alone revealed OR 6.9 (95% CI 2.59, 18.3; p<0.0001) for renal failure with every 5 mmHg
increase in CVP among patients with 6 hour CVP <9 mmHg. For patients with 6 hour CVP
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=9 mmHg, the unadjusted OR was 1.3 (95% CI 1.06, 1.67; p=0.015) for renal failure with
every 5 mmHg increase in CVP.

Risk-adjusted Models

A risk-adjusted mortality model revealed an OR of 1.05 (95% CI 1.0,1.1; p=0.07) for
increased risk of death with every 5 mmHg increase in CVP at 6 hours. C-index was 0.72
(Table 2). Adjusting for cardiac index among the 782 patients with this value measured at 6
hours along with CVP, increasing CVP was associated with a significant risk of increased
mortality: OR 1.4 (95% CI 1.10, 1.89; p=0.009) for every 5 mmHg increase in CVP.

The incidence of in-hospital / 30 — day death or renal failure remained significantly
increased with increasing CVP after risk adjustment: OR 1.54 (95% CI 1.28, 1.86;
p<0.0001) for every 5 mmHg increase in CVP. When also adjusting for cardiac index, the
predictive value of CVP remained the same, with OR 1.6 (95% CI 1.27, 2.01; p<0.0001) for
every 5 mmHg increase in CVP.

For renal failure alone, the risk-adjusted OR was 5.5 (95% CI 1.93, 15.5; p=0.001) with
every 5 mmHg rise in CVP for patients with CVP <9 mmHg. For patients with 6 hour CVP
> 9 mmHg, the risk-adjusted OR was 1.3 (95% CI 1.01, 1.65; p=0.045).

DISCUSSION

Central venous pressure (CVP), the downstream pressure of the systemic venous system, is
frequently measured in patients undergoing CABG surgery. Despite often routine
monitoring of CVP, a paucity of clinical data exists regarding the prognostic value of this
measurement following CABG surgery. Existing literature focuses on the degree to which
CVP gives information on right ventricular end-diastolic pressure and the limitations of
CVP as a surrogate variable for left ventricular preload, but little consideration is given to
whether this measurement has implications for clinical outcomes in the early postoperative
CABG setting [7, 8, 9].

The results of this study indicate that C\VP measured at 6 hours after surgery was associated
with operative mortality and renal failure among a multi-institutional observational cohort of
high-risk patients undergoing CABG surgery. This relationship persisted when adjusting for
those key patient characteristics known to predict mortality following CABG [6].
Importantly, CVP was predictive of mortality and the composite of mortality and renal
failure when controlling for cardiac index. The clinical importance of this finding relates to
any health professional caring for the post-cardiac surgical patient, including critical care
nursing and advanced practice providers who are often at the point of care and responsible to
alert supervising physicians of patient status. An otherwise routine post-CABG surgery
patient with a cardiac index > 2 but with an elevated CVVP may deserve additional
consideration.

Many post-cardiac surgery patients are being managed without a PA catheter or under “fast-
track” protocols for early removal of PA catheters [1], however, CVP is typically able to be
measured in these patients by way of a central venous catheter with its tip in the superior
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vena cava. The results of the present study indicate that CVP may be a useful predictor of
patient outcome and the post-surgical patient with elevated CVVP may warrant further
workup to investigate the etiology (renal failure, pericardial tamponade, right heart failure,
etc). Just as reduced cardiac index or alterations in systemic blood pressure may warrant
notification by critical care nursing or advanced practice providers, CVP thresholds or trends
may be incorporated in basic ICU protocols for notifying supervising physicians of the post-
surgical patient who otherwise may be progressing as expected or according to a post-
procedural “care map”.

The results of this study also suggest utility in the measurement of CVP in the post-CABG
setting. Measurement of CVP at 6 hours postoperatively was chosen for this study because it
allowed for a period of stabilization in the intensive care unit but was not so far out from
surgery that central venous catheters were likely to have already been removed. We found
that CVP at 6 hours correlated most strongly with outcome as opposed to CVP measured
immediately upon postoperative ICU arrival, or the value of the difference between these
values. Contemporaneous registry data has identified CVP as a strong independent predictor
of outcomes among a diverse group of adult patients with cardiovascular disease [10],
medically-managed heart failure patients with renal dysfunction [11], and patients with
cirrhosis undergoing heart surgery [12]. Both the Mullens et al study of heart failure patients
[11] and the Lopez-Delgado et al study of cirrhotic heart surgery patients [12] assessed CVP
in the acute inpatient setting, although the patient populations were unique and sample sizes
substantially smaller as compared to the present study.

The present study supports specifically the usefulness of CVP measurement during the early
postoperative ICU recovery period among a multi-institutional cohort of CABG patients.
Given the ease of measurement and ubiquitous nature of central venous catheters following
CABG surgery, the present data support the routine assessment of CVP in this patient
population. While considerable attention is given to cardiac index, CVP may provide
additional information regarding right ventricular function. The present study supports
clinical attention to high CVP values and consideration of overly aggressive volume
resuscitation, pericardial tamponade, valvular regurgitation, right ventricular dysfunction,
and other potential etiologies. Although the usefulness of further diagnostic studies or
interventions based on CVP values remains to be validated in future studies, it remains our
practice to measure and consider CVP values in decision-making for patients following
CABG surgery.

The findings of this study should be viewed in the setting of several important limitations.
This study evaluated associations between measured clinical variables and outcomes and the
results herein may have been influenced by unmeasured variables. CVP measurements were
not blind to clinicians. Therefore, response by clinicians to CVP values as part of patient
care may have resulted in an underestimation of the association between CVP and outcome.
While the present study is a large multi-institutional sampling of perioperative care in high-
risk CABG patients, exact outcomes in any individual center may vary from our results.
CVP values are affected by many conditions, including right ventricular dysfunction,
tricuspid valve disease, cardiac tamponade, perioperative fluid administration, pericarditis,
and renal failure. Etiology of elevated CVP was not able to be determined.
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Conclusions

In this observational cohort, central venous pressure following CABG surgery was
predictive of early mortality and renal failure, independent of cardiac index and other
important clinical variables. Our study highlights the importance of using CVVP routinely at 6
hours after ICU arrival, a simple and easily performed tool, to assess risk of early death and
renal failure in patients undergoing CABG-surgery. Whether or not CVP can be used to
guide therapy in this setting deserves further investigation.
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Figure 1.
Relationship between central venous pressure (CVP) at 6 hours and predicted probability of

death through 30 days or in-hospital. Solid dark blue line represents point estimates and light
blue shaded area represents 95% confidence interval.
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Figure2.
Relationship between central venous pressure (CVP) and predicted probability of death

according to cardiac index (Cl) = 2 or < 2 L/min/m? at 6 hours. The shapes of the curves are
approximately the same indicating that the relationship between CVVP and mortality is
independent of cardiac index. Solid dark blue line represents point estimates and light blue
shaded area represents 95% confidence interval.
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Patient baseline clinical and operative characteristics. Values are presented as mean or median [25%, 75t

percentile].

Characteristic Overall Unadjusted model  Risk-adjusted model
(n=2001) (n=1834) (n=1497)

Age 72 [66,77] 72 [66,77] 72[66,77]
Female 331 33.0 32.7
Diabetes mellitus 534 53.5 54.4
Morbid obesity 13.6 13.7 12.9
Dyslipidemia 77.2 76.8 7.4
Current smoker 180 17.5 171
Severe chronic lung disease 5.4 5.3 4.9
Preoperative creatinine 11[1.014] 11[1.01.4] 1.1[1.0,1.4]
Hypertension 84.7 84.6 84.9
Arrhythmia 15.3 15.2 15.0
PVD 20.3 20.4 19.4
History of stroke 115 11.3 11.4
Previous myocardial infarction 46.9 46.5 44.7
Prior CV surgery 29.0 29.4 28.1
Urgent procedure 49.6 48.2 48.7
CABG only 86.0 85.9 84.4
Preoperative IABP 6.4 6.6 6.9
Postoperative blood product transfusion  51.0 50.9 52.1
CPB time (minutes) 104 [81,135] 103 [80,135] 103 [80,135]
Cross-clamp time (minutes) 71 [53,97] 71 [53,97] 71 [53,97]

Abbreviations: CAPS-Care= contemporary analysis of perioperative cardiovascular surgical care; PVD=peripheral vascular disease;
CV=cardiovascular; CABG=coronary artery bypass grafting; |ABP=intra-aortic balloon pump; CPB=cardiopulmonary bypass
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