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Elevated central venous pressure is
associated with increased mortality and
acute kidney injury in critically ill patients: a
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Abstract

Background: The association of central venous pressure (CVP) and mortality and acute kidney injury (AKI) in
critically ill adult patients remains unclear. We performed a meta-analysis to determine whether elevated CVP is
associated with increased mortality and AKI in critically ill adult patients.

Methods: We searched PubMed and Embase through June 2019 to identify studies that investigated the association
between CVP and mortality and/or AKI in critically ill adult patients admitted into the intensive care unit. We calculated
the summary odds ratio (OR) and 95% Cl using a random-effects model.

Results: Fifteen cohort studies with a broad spectrum of critically ill patients (mainly sepsis) were included. On a
dichotomous scale, elevated CVP was associated with an increased risk of mortality (3 studies; 969 participants; OR, 1.65;
95% Cl, 1.19-2.29) and AKI (2 studies; 689 participants; OR, 2.09; 95% Cl, 1.39-3.14). On a continuous scale, higher CVP
was associated with greater risk of mortality (5 studies; 7837 participants; OR, 1.10; 95% Cl, 1.03-1.17) and AKI (6 studies;
5446 participants; OR, 1.14; 95% Cl, 1.06-1.23). Furthermore, per 1 mmHg increase in CVP increased the odds of AKl by
6% (4 studies; 5150 participants; OR, 1.06; 95% Cl, 1.01-1.12). Further analyses restricted to patients with sepsis showed

consistent results.

admitted into the intensive care unit.
Trial registration: PROSPERO, CRD42019126381

Conclusions: Elevated CVP is associated with an increased risk of mortality and AKI in critically ill adult patients
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Background

Central venous pressure (CVP) is a local hemodynamic
parameter determined by the interaction between venous
return and cardiac function and used as a surrogate of
intravascular volume [1]. Therefore, CVP measurements
are often applied for assessing volume status and volume
responsiveness to guide fluid resuscitation at the bedside in
critically ill patients [2]. However, the validity of CVP in
critical care settings has recently been challenged and the
use of CVP measurements to direct volume management
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has been reported unreliable [3]. Based on the rationale
provided by the Starling curves and Guyton theory on car-
diac function [4], high CVP may impede venous return to
the heart and disturb microcirculatory blood flow which
may harm organ function, lead to poor prognosis, and even
increase mortality. Moreover, elevated CVP will particularly
harm kidney hemodynamic and promote acute kidney
injury (AKI) by imposing an increased “afterload” on the
kidney [5]. However, the association between CVP and
mortality and AKI in critically ill patients remains unclear.
So far, previous studies have evaluated the association
of CVP and mortality and AKI in critically ill patients
but have shown inconsistent results [6—20]. Thus, we
performed a meta-analysis to investigate the association
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of elevated CVP and mortality and AKI in critically ill
adult patients, hypothesizing that elevated CVP is associ-
ated with increased mortality and acute kidney injury in
critically ill adult patients.

Materials

Protocol and registration

This meta-analysis was reported in compliance with the
PRISMA statement [21]. The protocol was registered on
PROSPERO (CRD42019126381). The full details of the
protocol are available on request.

Literature search

Studies were identified by searching electronic databases
including PubMed and Embase. No limits were applied
for language. We used controlled vocabulary (MeSH in
PubMed and Emtree in Embase) and keywords as search
terms. The last search was run on June 2019. The full
details of the search strategy are available (Additional file 1).
In addition, we hand-searched the reference lists of
eligible studies.

Selection criteria

We carried out the initial search, deleted duplicate records,
screened the titles and abstracts for relevance, and identi-
fied records as included, excluded, or uncertain. In case of
uncertainty, the full-text article was acquired to identify
eligibility. Studies were eligible for inclusion if they met the
following criteria: type of participants, critically ill adult
patients admitted into intensive care unit (ICU); type of
exposure, CVP; type of outcome, mortality or AKI, defined
as individual study (Additional file 2); and types of studies,
cohort studies.

Data extraction

We developed a data extraction sheet in standardized
Excel (Microsoft Corporation). One author extracted the
following data from included studies and the second au-
thor checked the extracted data. The following informa-
tion was extracted from each study: author, year, country,
population, timing of CVP measurement, CVP category,
sample size, proportion of mechanical ventilation, event
rate, multivariate-adjusted risk estimates, outcomes, study
design, and covariates in the fully adjusted model. Any
discrepancy was resolved by discussion and consensus.

Quality assessment

We evaluated the quality of included studies by using the
Newcastle—Ottawa scale [22], which is a scale for assessing
the quality of observational studies in meta-analyses. This
scale awards a maximum of nine stars to each study: four
stars for selection of participants and measurement of ex-
posure, two stars for comparability, and three stars for as-
sessment of outcomes and adequacy of follow-up. We
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assigned scores of 0-3, 4—6, and 7-9 for low, moderate,
and high quality of studies, respectively.

Statistical analysis

The meta-analyses were performed by computing odds ra-
tios (ORs) with 95% Cls for mortality and AKI using a
random-effects model, accounting for clinical heterogen-
eity. Heterogeneity across studies was assessed by using
the Q statistic with its P value and F* statistic [23]. The I*
statistics used to quantify the proportion of total variation
in the effect estimation that is due to between-study varia-
tions. An I* >50% indicates significant heterogeneity [24].
A two-sided P <0.05 was considered statistically signifi-
cant. All analyses were performed using Stata statistical
software version 13.0 (StataCorp, USA).

Results

Study selection

We identified 2048 records in the initial search. After
adjusting for duplicates 1700 remained. Of these, 1672
records were discarded because it appeared that these
papers clearly did not meet the criteria after reviewing
the titles and abstracts. The full text of the remaining 28
articles was examined in more detail. After application
of the inclusion criteria, 15 studies were included in the
meta-analysis (Fig. 1) [6—20].

Study characteristics

The characteristics of the included studies are presented in
Table 1. These studies were published between 2004 and
2019. The sample size of the individual study ranges from
39 to 4761. The population involved a broad spectrum of
critically ill patients (mainly sepsis). CVP category was
based on a dichotomous scale and a continuous scale. Ad-
justed estimates could be determined for almost all studies
even though the adjusted factors were slightly different
(Additional file 2). Six studies were prospective cohort and
the remaining 9 studies were retrospective cohort. Details
of the quality assessment of included studies are outlined
(Additional file 3). The score for each study was 7 or above,
suggesting that all the studies were of high quality.

CVP as a dichotomous scale and mortality and AKI in
critically ill patients

On a dichotomous scale, elevated CVP was associated
with increased risk of mortality (3 studies; 969 partici-
pants; OR, 1.65; 95% CI, 1.19-2.29; P = 0.003; I* = 35.5%;
Fig. 2) and AKI (2 studies; 689 participants; OR: 2.09;
95% CI, 1.39-3.14; P < 0.001; I* = 0.0%; Fig. 2).

CVP as a continuous scale and mortality and AKI in
critically ill patients

On a continuous scale, higher CVP was associated with
greater risk of mortality (5 studies; 7837 participants; OR,
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses Flow Diagram

J

1.10; 95% CI, 1.03-1.17; P =0.006; I* = 77.3%; Fig. 3) and
AKI (6 studies; 5446 participants; OR, 1.14; 95% CI, 1.06—
1.23; P<0.001; I = 86.1%; Fig. 3).

CVP increase in per 1 mmHg and mortality and AKIl in
critically ill patients

No study reported CVP increase in per 1 mmHg and risk
of mortality. Four studies with 5150 participants reported
CVP increase in per 1 mmHg and risk of AKI. The results
suggested that per 1 mmHg increase in CVP increased the
odds of AKI by 6% (OR, 1.06; 95% CI, 1.01-1.12; P = 0.022;
I =75.7%; Fig. 4).

Further analyses on CVP and mortality and AKI in
patients with sepsis

Three studies with 969 participants reported the associ-
ation between elevated CVP and risk of mortality on a di-
chotomous scale. The results suggested that elevated CVP
was associated with increased risk of mortality (OR, 1.65;
95% CI, 1.19-2.29; P = 0.003; I* = 35.5%; Additional file 4).

Three studies with 501 participants reported the associ-
ation between elevated CVP and risk of AKI on a continu-
ous scale. The results suggested that higher CVP was
associated with greater risk of AKI (OR, 1.32; 95% CI,
1.16-1.49; P <0.001; I* =41.3%; Additional file 5). Fur-
thermore, per 1 mmHg increase in CVP increased the
odds of AKI by 23% (2 studies; 244 participants; OR, 1.23;
95% CI, 1.11-1.38; P < 0.001; I* = 0.0%; Additional file 6).

Discussion

Main findings

To our knowledge, this is the first meta-analysis to in-
vestigate the association between elevated CVP and the
risk of mortality and AKI in critically ill adult patients.
The two principal findings are summarized: elevated
CVP is associated with increased risk of mortality and
AKI in critically ill adult patients; per 1 mmHg increase
in CVP increases the odds of AKI in critically ill adult
patients. Further analyses restricted to patients with sep-
sis showed consistent results.
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Study %

D OR(95%Cl)  Weight
Mortality

Boyd 2011 (>>12mmHg versus < 8mmHg) —— 1.65(1.10,2.75) 29.57
Boyd 2011 (>>12mmHg versus 8-12mmHg) e — 1.31(1.06, 1.78) 48.80
Chen 2011 (>10mmHg versus <10mmHg) ——— 2.84(1.11,7.32) 1028
Wang 2015 (>>8mmHg versus <8mmHg) ——— 2.70(1.11,6.58) 11.35
Subtotal (l-squared = 35.5%, p = 0.199) <> 1.65 (1.19,2.29) 100.00
AKI

Palomba 2007 (>>10mmHg versus <10mmHg) ——— 1.92 (1.22,3.03) 80.17
Chen 2011 (>>10mmHg versus <10mmHg) —— 294 (1.18,7.35) 19.83
Subtotal (l-squared = 0.0%, p = 0.414) <> 2.09 (1.39, 3.14) 100.00
NOTE. Weights are from random effects analysis

Fig. 2 The association of CVP (on a dichotomous scale) and mortality and AKI in critically ill adult patients. Cl, confidence interval; OR, odds ratio

Possible mechanisms for findings It is determined by the interaction between cardiac function
CVP is a pressure recorded from the superior vena cava or  and venous return. The CVP is a complex interplay influ-
the right atrium, which represents the pressure index of enced by right ventricular function, right ventricular after-
cardiac preload and is equal to the end-diastolic pressure of  load, right ventricular compliance, venous tone, volume
the right ventricle in the absence of tricuspid stenosis [25].  status, abdominal pressure, intrathoracic pressure (mean

Study %

ID OR (95% Cl) Weight
Mortality

Lobo 2011 1.12(1.04, 1.21) 20.09

—_
Chung 2012 — 1.15(1.06, 1.25) 18.90
Raimundo 2015 - 0.99 (0.94, 1.04) 23.52
Li 2017 —— 1.14 (1.01,1.29) 14.05
Long 2017 - 1.13(1.07,1.18) 23.45
Subtotal (I-squared = 77.3%, p = 0.001) O 1.10(1.03, 1.17) 100.00

AKI

Yegenaga 2004 —_— 1.50 (1.26, 1.80) 10.29
Legrand 2013 —_— 1.23(1.10,1.38) 16.68
Wong 2015 —_— 1.28 (1.03,1.60) 7.69
Chen 2016 - 1.02 (1.00, 1.03) 28.49
Beaubien—Souligny 2018 - 1.04 (1.01,1.08) 27.12
van den Akker 2019 —_— 1.24 (1.03,1.50) 9.72
Subtotal (I-squared = 86.1%, p = 0.000) <> 1.14 (1.06, 1.23) 100.00

NOTE: Weights are from random effects analysis

Fig. 3 The association of CVP (on a continuous scale) and mortality and AKI in critically ill adult patients. Cl, confidence interval; OR, odds ratio
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Study

Legrand 2013

Wong 2015

Chen 2016

Beaubien-Souligny 2018

Overall (I-squared = 75.7%, p = 0.006)

NOTE: Weights are from random effects analysis

OR (95% Cl) Weight
E—+— 1.22(1.08,1.39) 1219
-;—0— 1.28 (1.03,1.60) 4.86

%

1.02(1.00,1.03) 44.41
1.04 (1.01,1.08) 38.54

1.06 (1.01,1.12)  100.00

I
5

Fig. 4 The association of CVP (per 1 mmHg increase) and AKI in critically ill adult patients. Cl, confidence interval; OR, odds ratio

airway pressure), and many other factors [26]. According to
Guyton’s venous reflux theory, cardiac out equals venous
return and venous reflux is dependent on mean circulatory
filling pressure (MCFP) and CVP gradient (ie, MCFP-
CVP) [4]. Contrary to the misleading assertion that high
CVP represents an increase in cardiac output, excessive
fluid administration which just leading to an increase of
CVP but does not increase cardiac output when the venous
return curve intersects this area of the cardiac function
curve [26]. This is mainly because fluid loading only in-
creases right atrial pressure/CVP and tissue edema, but
does not significantly increase end-diastolic volume and
stroke volume on this condition. When CVP increased or
MCEP decreased, venous reflux decreased; on the contrary,
venous reflux increased if CVP decreased or MCFP in-
creased [27, 28]. Therefore, lower CVP is needed to ensure
venous reflux and cardiac output if MCFP in the flat part of
the Starling curve.

Traditionally, renal injury is considered to be caused by
reduced renal perfusion due to decreased cardiac output or
vascular volume [29]. Renal perfusion pressure, defined as
mean arterial pressure minus renal venous pressure, is a
potential risk factor for AKI progression in critically ill pa-
tients [30]. A high CVP is transmitted backwards increasing
renal venous pressure, which reduces renal perfusion pres-
sure and increases renal venous congestion [31]. These two
factors undependably have profound effects on renal perfu-
sion and renal function and further leading to AKI [32].

Implications for clinical practice
Our findings have important implications for clinicians to
some extent. Almost all patients undergoing major

surgery, as well as patients admitted to ICU, will receive
CVP monitoring. A normal CVP in a healthy individual is
0-2mmHg. Legrand et al. found a liner relationship be-
tween CVP and the probability of AKI, and increasing the
CVP from above 2 mmHg is associated with an increased
risk of AKI [12]. In line with this study, our meta-analysis
found that per 1 mmHg increase in CVP increases the
odds of AKI in critically ill adult patients. It is generally
believed that low CVP represents volume depletion and
high CVP indicates volume overload; thus, CVP is usually
used to make decisions regarding fluid therapy. In fact, to
use CVP as a measure of intravascular volume or to define
volume responsiveness or the cardiac output response to
volume challenges is not only unreliable but also poten-
tially dangerous. In clinical practice, titrating fluid therapy
to the CVP is fraught with danger and CVP alone should
never be used to make decisions regarding fluid therapy.
At the bedside, CVP should be a stopping rule, not a tar-
get of fluid resuscitation [33].

Strengths and limitations

The strength of this meta-analysis lies in compliance with
the PRISMA statement and registration on PROSPERO
with protocol. Our meta-analysis also has a major limitation
that affects the interpretation of the results. The meta-
analysis included a broad spectrum of critically ill patients
with wide variability. Moreover, there is difference in CVP
category, definition of mortality and AKI, and study design.
These factors may introduce the heterogeneity and could
affect the results. Nevertheless, we used a random-effects
model to pool the most fully adjusted estimates, which
could reduce the confounding bias in the results.
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Conclusions

Elevated CVP is associated with an increased risk of
mortality and AKI in critically ill adult patients admitted
into the intensive care unit.
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