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Central venous oxygen saturation is not predictive of early
complications in cancer patients presenting to the emergency
department
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Abstract

Central venous oxygen saturation (ScvO,) is easily observable in oncology patients with long-term central venous catheters
(CVC), and has been studied as a prognostic factor in patients with sepsis. We sought to investigate the association between
ScvO, and early complications in cancer patients presenting to the ED. We prospectively enrolled adult cancer patients
with pre-existing CVC who presented to the ED. ScvO, was measured on their CVC. The outcome was admission to the
intensive care unit (ICU) or mortality by day 7. ScvO, was first studied as a continuous variable (%) with a ROC analysis
and as a categorical variable (cut-off at < 70%) with a multivariate analysis. A total of 210 cancer patients were enrolled. At
baseline, ScvO, showed no significant difference between patients who were admitted to the ICU or died before day 7, and
patients who did not (67%; IQR 62-68% vs. 71%; IQR 65-78% respectively, P=0.3). The ROC analysis showed the absence
of discrimination accuracy for ScvO, to predict the outcome (AUC =0.56). By multivariate analysis, ScvO, <70% was not
associated with the outcome (OR 1.67; 95% CI 0.64—4.36). Variables that were associated with ICU admission or death
by day 7 included a shock-index (heart rate/systolic blood pressure) > 1 and a performance status>?2 (OR 4.76; 95% CI
1.81-12.52 and OR 6.23, 95% CI 2.40-16.17, respectively). This study does not support the use of ScvO, to risk stratify
cancer patients presenting to the ED.
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Introduction

Identifying patients at high risk of early complications is
a key goal of emergency departments (EDs). Initial triage
is crucial to determine monitoring needs and administer
initial treatment of patients visiting the ED to avoid seri-
ous complications [1]. The performance of several clinical
(e.g., shock-index, mottling score) and biological markers
(e.g., lactate levels) to optimize triage has been assessed
[2—4]. Central venous oxygen saturation (ScvO,) is a surro-
gate marker for mixed venous oxygen saturation (SvO,) that
reflects oxygen consumption over the entire body (imbalance
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between oxygen delivery and oxygen demand) and cardiac
output [5, 6], and is measured by a catheter placed in the
superior vena cava. To summarize, in case of increased
oxygen demand to the tissues but without compensation by
the cardiovascular system, the oxygen extraction by the tis-
sues increases, resulting in a decrease of the ScvO,. Thus,
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a drop in ScvO, below 70% indicates a mismatch between
O, need and O, delivery, and, in the absence of anemia,
may also indicate a reduced cardiac output [7]. Therefore,
ScvO, has been assessed to guide resuscitation in intensive
care unit (ICU) patients suffering from early septic shock
[8]. It has also been studied as a prognostic factor showing
an increased mortality in case of low (< 70%) ScvO, values
in septic patients at ICU admission [9] or in the ED setting
[10]. Immunocompromised patients, such as cancer patients,
are at higher risk of septic complications than patients with-
out malignancies [11]. Rapid recognition of cancer patients
at risk of early complications would optimize standards of
care for these patients, avoiding delays in initiating treat-
ment and in ICU admission [12]. A biomarker allowing ED
physicians to risk stratify patients at high risk of deteriora-
tion could improve the prognosis of this vulnerable popula-
tion. ScvO, is easily observable in oncology and hematology
patients with long-term central venous catheters (CVC) by
drawing a blood gas sample on the CVC. The aim of this
study was to investigate the association between ScvO, at
ED admission, and subsequent need for ICU admission or
early death in cancer patients already provided with a CVC
presenting to the ED.

Methods

We prospectively enrolled patients with solid tumors or
hematological malignancies visiting the ED of Hopital
Saint-Louis (Paris, France) between January and August
2015. The hospital has 650 beds, including 350 beds dedi-
cated to curing malignancies. The ED receives 39,000
patients per year, including 15% of patients with malignan-
cies. The medical ICU is a closed 12-bed unit that admits
600 patients per year, including about 130 cancer patients.
ICU admission is considered when a cancer patient has at
least one organ failure or with physiological derangements
that foreshadows organ dysfunction. Early ICU admission is
strongly encouraged to improve survival by preventing the
development or progression of organ dysfunctions. Close
collaboration between intensivists, onco-hematologists and
emergency physicians is noteworthy to share discussions to
decide which patients are the most likely to benefit from
intensive care, and about the diagnostic workup and the
goals of care.

Cancer patients receiving systemic chemotherapy, tar-
geted therapies, stem cell transplantation, parenteral nutri-
tion, or who are short of accessible peripheral veins, all
carry a long-term CVC, usually in an internal jugular vein
or sometimes in a subclavian vein. ScvO, measure is acces-
sible by drawing a blood gas from the CVC. ED nurses are
notably well trained to handle CVCs.
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This was a convenience sample of patients who were
included in the study if they (1) were adults (age > 18 years
old), (2) carried a CVC, (3) required blood tests or intra-
venous access for monitoring or treatments, and (4) gave
oral informed consent. After informed consent, a blood gas
sample and a blood culture were taken from the CVC, in
addition to routine biology tests required for patient manage-
ment. Data abstracted from medical records included patient
age, gender, malignancy location, performance status (PS),
comorbidities, vital signs at triage including shock-index
(heart rate/systolic blood pressure), mottling score (score 0
indicates no mottling; score 1, a modest mottling area (coin
sized) localized to the center of the knee; score 2, a moderate
mottling area that does not exceed the superior edge of the
kneecap; score 3, a mild mottling area that does not exceed
the middle thigh; score 4, a severe mottling area that does
not go beyond the fold of the groin; score 5, an extremely
severe mottling area that goes beyond the fold of the groin)
[3], biological data (such as lactate, creatinine, bicarbo-
nate, white blood cell count and hemoglobin), results from
blood cultures, ICU admission and vital status at day 7 and
day 30. ScvO, data were not provided to managing clini-
cians. The outcome was defined as admission to the ICU or
death within 7 days of ED management. Sepsis and septic
shock were defined according to recent international defini-
tions [13]. Neutropenia was defined as a leukocyte count
<1000 per mm? or neutrophils < 500 per mm?. The study
was approved by the regional Ethics Committee (Comité
d’Evaluation de I’Ethique des projets de Recherche Biomé-
dicale (CEERB) Paris Nord, number 15-002).

Statistical analysis

Results are reported as medians (with interquartile range), or
as numbers (alongside percentages). Patient characteristics
were compared using the Chi-square test or Fisher exact
test, as appropriate, for categorical variables and the Wil-
coxon test or Student ¢ test, as appropriate, for continuous
variables. We first plotted a receiver-operator-characteristic
(ROC) curve and computed the area under the curve (AUC)
to determine the discrimination of ScvO, at various thresh-
olds. According to the admitted cut-off in the literature,
we chose 70% to dichotomize the continuous variable into
a binary variable. To investigate the association between
ScvO, (< or >70%) and the outcome, we first performed a
univariate analysis with each variable of interest. To inves-
tigate which variables were predictive of ICU admission or
death by day 7 when considering confounders, multivariate
logistic analysis was performed while including the vari-
ables with a P <0.1 in the multivariate model. To preserve
an event/variable ratio of 10%, clinically redundant variables
were excluded. We then computed adjusted odds-ratios (OR)
and their 95% confidence intervals (CI). Because ScvO, was
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our variable of interest, we forced it into the final model.
We also compared the ScvO, values between patient with
or without positive blood culture. A sensitivity analysis was
performed to explore the relationship between ScvO, and
the outcome in the subgroup of patients suspected to have
infection and in those with neutropenia. All tests were two-
sided and P values were considered significant if they were
less than 0.05. Analyses were performed using R software
(version 3.4.2, The R Foundation, http://www.r-project.org).

Results
Patient characteristics

Over the study period, 210 patients were included. Patient
characteristics are reported in Table 1. Half of the sample
were men and the median age was 60 (49-69 years old).
Two-thirds of patients had solid tumors and one-third had
hematological malignancies. Forty-six (22%) patients had
a poor performance status (severely altered or bedridden).

Patient characteristics in the ED are reported in Table 2.
On arrival, 63 (30%) patients had a shock-index > 1 (mean-
ing that their heart rate was over their systolic blood pres-
sure) and only 6 (2%) patients had a mottling score > 2.
Among the 137 (65%) patients in which an infection was
suspected, 33 (24%) had sepsis or septic shock. The most
frequent suspected infection site was the lung (40%). Most
patients with suspected infections received antimicrobial
therapy. In 64% of cases, they were treated with a broad-
spectrum beta lactam or a third-generation cephalosporin
with activity against Pseudomonas aeruginosa or carbap-
enem, an aminoglycoside in 23% of cases and a glycopeptide
in 10% of cases. Fifty-nine (28%) patients were neutropenic,
of which 54 were febrile. Initial ScvO, was <70% in 92
(44%) patients.

Association between ScvO, and the outcome
Outcome characteristics are reported in Table 3. The

majority of patients were admitted to hospital. During their
stay, 17 (8%) patients were admitted to the ICU. All ICU

Table 1 Patient characteristics
on admission

Patients, N (%) or median JQR)—  Missing data

N=210
Age (years) 60 (49-69)
Men 104 (50)
Underlying malignancy
Solid malignancy 141 (67)
Breast 54 (38)
Digestive tract-pancreas 27 (19)
Pulmonary-pleura 26 (18)
Urology-kidney 14 (10)
Hematological malignancy 69 (33)
Lymphoma 26 (38)
Leukemia 21 (30)
Hodgkin 7(10)
Myeloma 7(10)
Allogeneic bone marrow transplant 9(4)
Performance status
0 49 (23)
1 65 (31)
2 49 (23) 1
3 29 (14)
4 17 (8)
Comorbidities
Diabetes mellitus 28 (13)
Ischemic cardiomyopathy 13 (6)
Chronic renal failure 12 (6)
Chronic obstructive pulmonary disease 73)
HIV 6(3)

IQR interquartile range
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Table 2 Patient characteristics on admission

Patients, N (%) or Missing data

median (IQR)—
N=210

Main reason of ED presentation

Fever 108 (51)

Asthenia 23 (11)

Digestive 21 (10)

Pulmonary 18 (9)

Cytopenia 8(4)

Bleeding 6(@3)

Neurological 5@2)

Pain 512)

Other 16 (8)
Suspicion of infection 137 (65)

Sepsis or septic shock 33(24)
Suspected infection location 109 (52)

Pulmonary 29 (40)

Skin-catheter 21 (19)

Urinary tract 18 (17)

Gastrointestinal 15 (14)
Shock-index > 1 63 (30)
Mottling score

0 188 (90)

1 16 (8)

2 3 (D)

3 0

4 3(D)

5 0
Transfusion 41 (20)

Red cells 36 (17)

Platelets 16 (8)
Neutropenia 59 (28)
Hemoglobin (g/dL) 10 (8.8-11.4)
ScvO, (%) 71 (64-78)
Scv0,<70% 92 (44)
Lactate >2 (mmol/L) 43 (20) 7
Bicarbonate (mmol/L)

>20 166 (79)

15-19 38 (18)

<15 6(3)

IQR interquartile range

admissions occurred in the first 7 days. Of the 17 critically
ill patients, four died, including two before day 7. Ten (5%)
patients died by day 7 and 27 (13%) patients by day 30.
The outcome (death or ICU admission by day 7) occurred
in 25 (12%) patients. Among these patients, 19 had severe
sepsis or septic shock, 2 had hemorrhagic shock, 2 had
malignancy progression, 1 had diabetes mellitus ketoacido-
sis and 1 had pulmonary edema and cardiac failure. There
was no statistical difference in ScvO, values on admission
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between patients who met the outcome and those who did
not (ScvO,=67% (62-68%) vs. 71% (65-78%), P=0.3,
Fig. 1). The ROC curve (Fig. 2) showed no discrimination
accuracy for ScvO, to predict death or ICU admission by
day 7 (AUC=0.56).

Table 4 shows the results of univariate and multivariate
analyses. Univariate analysis revealed that characteristics
significantly associated with the need for ICU admission
or death by day 7 included poor performance status (>2),
shock-index > 1, mottling score of 1 vs. 0, patients with
sepsis or septic shock and bicarbonate level < 15 mmol/L.
ScvO, values <70% were not associated with the outcome
in the univariate analysis. In the multivariate analysis, poor
performance status (OR 6.23, 95% CI 2.40-16.17) and
shock-index (OR 4.76, 95% CI 1.81-12.52) were indepen-
dently associated with the need for ICU admission or death
by day 7, whereas ScvO, values <70% were not associated
with the outcome.

Scv0, and positive blood cultures

Positive blood culture (excluding Staphylococcus epider-
midis) occurred in 22 (10%) patients. ScvO, concentrations
were not associated with the presence of blood stream infec-
tion (ScvO,=71% (65-78%) vs. 70% (62—78%) in patients
either with and without blood stream infection, respectively,
P=0.72).

Sensitivity analyses
Patients with suspected infection

Among patients with suspected infection (N=137), 17 were
admitted to the ICU or died by day 7. There was no differ-
ence in ScvO, concentrations between patients who were
admitted to the ICU or died by day 7 and patients who did
not (ScvO,=67% (59-76%) vs. 71% (65-77%) respectively,
P=0.2, Fig. 3). Among the 17 patients who were admitted
to the ICU or died by day 7, 10 (59%) presented ScvO, con-
centrations < 70% compared to 50 (42%) patients who were
not admitted to the ICU and did not die (P =0.28).

Patients with febrile neutropenia

Among patients with febrile neutropenia (N=>54), eight
patients were admitted to the ICU or died by day 7. There
was no significant differences of ScvO, concentrations
between patients who were admitted to the ICU or died by
day 7 and patients who did not (ScvO,=61% (56-64%) vs.
72% (65-77%), P=0.07, Fig. 3). Among the eight patients
who were admitted to the ICU or died by day 7, seven
(88%) presented ScvO, concentrations <70%. In contrast,
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Table 3 Bacteremia, intensive
care unit admission and

Patients, N (%) or median Missing data

. (IQR)—N=210
mortality
Positive blood cultures 45 (21%) 8
Staphylococcus epidermidis 23 (51)
Escherichia coli 6 (13)
Pseudomonas aeruginosa 5(11)
Staphylococcus aureus 409
Central venous catheter ablation 19 (9)
Admission
Emergency short surveillance unit admission 112 (53)
Ward admission 61 (29)
ICU admission immediately from ED 8(4)
Discharge from hospital 29 (14)
ICU admission throughout the hospital stay 17 (8)
7-Day mortality 10 (5)
30-Day mortality 27 (13)
Death or ICU admission by day 7 25 (12)
Death or ICU admission by day 30 40 (19)
ED emergency department, /CU intensive care unit, /QR interquartile range
100 5 1.0 -
E E 0.8 -
80 : =
2 0.6
‘@
g 5
< : i » 0.4
& i |
) I : 0.2 Area Under the Curve = 0.56
0
40 0.0 -
’ T T T T T 1
10 08 06 04 02 0.0
20 o Specificity

T T
No Yes

Death or ICU admission by day 7

Fig. 1 Boxplot representing ScvO, values (median and 25th-75th
centiles) according to the outcome (ICU admission or death by day 7)

19 (41%) patients who were not admitted to the ICU or died
by day 7, presented ScvO, concentrations < 70% (P=0.02).

Discussion

This study does not support the use of ScvO, for triage in
cancer patients visiting the ED. Initial ScvO, values were
not associated with the need for ICU admission or death
by day 7 in overall patients, nor in the subgroup of patients
with suspected infection. In contrast, patients with febrile

Fig.2 Receiver operator characteristic curve plotting sensitivity and
specificity of ScvO, for predicting the outcome (ICU admission or
death by day 7)

neutropenia who were admitted to the ICU or who died by
day 7, more frequently had ScvO, values below 70% than
patients who did not.

Triage and orientation is one of the cornerstones of emer-
gency medicine. Thus, detection of early signs of physiologi-
cal derangement is crucial to prevent the development of
organ dysfunction by prompt treatment initiation and ade-
quate monitoring. This evaluation is first based on clinical
assessment and mostly on vital signs, which can be taken
individually or jointly as the Quick Sequential Organ Failure
Assessment (qQSOFA) score (composed of respiratory rate
> 22 breaths/min, systolic blood pressure <100 mmHg, and
altered mental status) or the shock-index, so as to increase
accuracy in predicting mortality [14—17]. Close monitoring
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Table 4 Univariate and
multivariate logistic regression

Univariate analyses

Multivariate analyses

analysis to investigate the Odds ratio  95% CI P value Adjusted 95% C1 P value
association between the odds ratio
covariates and primary outcome
(intensive care unit admission Age (years) 1.01 0.98-1.04 0.45
or mortality by day 7) Performance status
0-1-2 1 1
34 8.28 3.33-20.6 <0.0001 6.23 2.40-16.17 <0.001
Shock index > 1 6.42 2.6-15.9 <0.0001 4.76 1.81-12.52 0.002
Mottling score
0 1
1 5.67 1.84-17.4 0.002
>2 1.89 0.21-17.1 0.58
Suspicion of infection
No sepsis 1
Sepsis or septic shock  5.82 2.35-1441 <0.001
Neutropenia 1.5 0.6-3.6 0.35
Hemoglobin (g/dL) 0.98 0.8-1.2 0.86
Lactate (mmol/L)
<2 1
>2 1.64 0.63-4.24 0.31
Bicarbonates (mmol/L)
>20 1
15-19 0.66 0.19-2.36 0.53
<15 7.74 1.46-41.1 0.016
Sev0,<70% 1.75 0.75-4 0.19 1.67 0.64—4.36 0.3
Fig.3 Boxplot representing Patients with suspected infection (N=137) Febrile neutropenic patients (N=54)
ScvO, values (median and
25th—75th centiles) according to 100 8 100
the outcome (ICU admission or _ T
death by day 7) in patients with :
suspected infection (left) and 80 | 1 80 - : °©
in febrile neutropenic patients e e— _
(right) subgroups. Dotted lines & &
represent the ScvO, threshold g 60 ‘ : g 601
of 70% & } o @
-5 ©
40 40
p-value = 0.2 p-value = 0.07
20 - o 20 — o
No Yes No Yes

ICU admission or death by day 7

of patients vital signs and subtle clinical reassessment to
detect beginning physiological derangements in the EDs
may be defective due to overcrowding. Therefore, evaluation
of additional biomarkers may be helpful in predicting clini-
cal deterioration. For example, lactate has widely been stud-
ied in the emergency setting to predict mortality [18, 19], but
the joining of lactate to clinical assessment is controversial
[20]. Furthermore, cancer patients represent a frail popula-
tion at high risk of acute complications among which sepsis
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ICU admission or death by day 7

prevails [21, 22]. Even if cancer patients are of growing
interest in emergency literature [23, 24], there is currently
few tools to risk stratify these patients when they seek care
in EDs. Recently, Boehm et al. showed that the deceleration
capacity of the heart was a rapid non-invasive tool that pre-
dicted in-hospital mortality in 140 cancer patients present-
ing to the ED [25]. Other scores, such as the Multinational
Association for Supportive Care in Cancer (MASCC) or the
Clinical Index of Stable Febrile Neutropenia (CISNE) scores
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have been studied in the emergency setting [26], but are
specific of the febrile neutropenic patient. For these reasons,
and owing to the fact that cancer patients often carry a CVC
that allows easily measuring ScvO,, we sought to investi-
gate, in this pilot study, if this biomarker could predict early
complications to avoid delays in managing these patients.

ScvO, is used to monitor the difference between oxy-
gen delivery and oxygen consumption in tissues of septic
patients. Under normal conditions, this difference is above
70%. Concentrations may fall under this value in shocked
or dyspneic patients, or due to a shortfall in oxygen delivery
(anemia, hypoxia, heart failure and hypovolemia) [6]. By
targeting normal values of ScvO,, as part of a bundle of
measures for early goal directed therapy (EGDT) in ED sep-
tic patients with red blood cell transfusions or dobutamine,
Rivers et al. [27] showed a 16% absolute risk mortality
reduction. However, this result was subsequently challenged
by multicenter randomized trials [8]. Monitoring of ScvO,
has also shown to be useful to predict mortality in septic
patients in the ED. In 619 patients visiting the ED with sep-
tic shock and who were treated according to EGDT proto-
col, Pope et al. reported an increased mortality in patients
with ScvO, >90% over the first 6 h of EGDT treatment (the
so-called hyperoxia) [10]. By multivariate analysis, initial
ScvO, <70% was associated with mortality (OR 2.0, 95%
CI 1.0-4.0). Over the first 6 h, both ScvO, <70% and ScvO,
>90% were associated with higher mortality (OR 2.0, 95%
CI 1.1-3.6 and OR 2.2, 95% CI 1.3-3.7, respectively). The
authors hypothesized that hyperoxia, which describes a drop
in oxygen delivery, and may be caused by the inability of
cells to extract oxygen due to mitochondrial dysfunction and
microcirculatory impairment in sepsis, may present even
higher risks than hypoxia. In our study, the smaller size of
our sample did not permit us to report on the prognostic
impact of ScvO, >90%.

In the present study, ScvO, was not used as a dynamic
tool to guide resuscitation nor it was monitored during the
first 6 h. Instead, it was used as a static one-shot parameter
to assess outcomes and guide early patient management and
hospital triage. Similarly, several studies have investigated
the association between initial ScvO, value and outcomes of
patients admitted to ICU with severe sepsis or septic shock
with varying results. In 363 patients with septic shock, Bou-
lain et al. showed that low ScvO, values on ICU admission
(i.e., below 70%) were associated with higher mortality rates
by day 28 (37.8% vs. 27.4%, respectively, P=0.0049), and
that this association remained significant when adjusted for
confounders (OR =3.60, 95% CI 1.76-7.36; P=0.0004) [9].
Similarly, Bracht et al. reported higher mortality rates in
patients with ScvO, <60% [28]. Conversely, in a smaller
study with 52 septic shock patients with multiple organ dys-
function, Sasko et al. failed to demonstrate any association
between ScvO, and day-28 mortality [29].

The prognostic impact of ScvO, in patients with febrile
neutropenia deserves further investigation. In a prospec-
tive cohort of 547 patients with febrile neutropenia, Mato
et al. showed that patients who developed septic shock
within 48 h of a febrile neutropenia episode, frequently
presented elevated levels of serum lactate (> 2 mmol/L)
and tachypnea (> 20) [30]. Further studies are needed on
such high-risk ED patients to assess workable clinical
markers and biomarkers that can support risk stratification
and optimize patient management and referral.

In the present study, 12% of patients met the outcome,
which was independently associated with a poor perfor-
mance status or a shock-index > 1. The shock index has
been widely studied in ED patients, and was associated
with a day 30 mortality when > 1 in a study by Kristensen
et al. (111,019 ED patients, OR 10.5, 95% CI 9.3-11.7)
[16]. The shock-index is easily accessible at triage, and
may alert clinicians sooner in the early phases of sepsis
[17].

Limits

This study evaluated only cancer patients with long-term
CVCs. Nevertheless, the fraction of cancer patients with
long-term CVCs is high [31].

The study sample included cancer patients with CVCs
visiting the ED for various conditions, and not only
infected patients. This heterogeneity in our population
may have masked potential associations between ScvO,
and the outcome.

The position of the CVC tip was not routinely assessed
using chest X-ray. ScvO, is a surrogate marker of mixed
venous oxygen saturation (SvO,) that needs pulmonary
artery catheterization. Both ScvO, and SvO, measure-
ments may vary according to patient conditions (sepsis,
cardiogenic shock) and to the placement of the CVC tip
[32]. The choice of a 7 day outcome was somewhat arbi-
trary, and may seem ambitious for a triage tool in the ED.
However, it is important to notice that, for the 25 patients
that met the outcome, ICU admission or death occurred
in the first 3 days for 23 and at day 4 and 5 for 2 of them.

In summary, ScvO, concentrations in ED patients with
onco-hematological malignancies and long-term CVCs are
not associated with ICU admission or death by day 7.
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