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Background: Central venous oxygen saturation (Scv02), a biomarker that is well-correlated with arterial oxygen saturation,
can predict mortality. Few studies have focused on blood volume, ScvO2, and mortality in patients on mainte-
nance dialysis. This retrospective study used hospital record data of 144 dialysis patients with central venous
catheter access (CVC) and aimed to evaluate the ScvO2 gradient, blood volume, and patient mortality. We ex-
amined the associations among absolute blood volume (ABV), mean ScvO2, intradialytic slope of ScvO2, and
mortality in patients on dialysis.

Material/Methods: Adult patients receiving dialysis via CVC from 2022 to 2024 were enrolled. ScvO2, ABY, and protocol-based ul-
trafiltration were monitored using Crit-Line IV (Fresenius Medical Care, Bad Homburg, Germany). Participants
were assessed and followed until death or administrative censor. Multiple fractional polynomial (MFP) regres-
sion was used to determine best-fitting polynomial function between predictors and mortality. We also con-
structed proportional hazard model to compare trends of ScvO2 for mortality.

Results: In a total of 144 eligible patients, the incidence of mortality was 14.5 per 1000 patient-months. The correla-
tion between mean ScvO2 and mortality was weak (r=-0.05), whereas the association between ABV change
and mean ScvO2 were a reverse U curve. The intradialytic slope of ScvO2 was independently associated with
mortality (adjusted odds ratio [95% Cl]=0.421 [0.226-0.783], P<0.05). Those with descending slope of Scv02
had higher risk of mortality than those with an ascending slope (HR [95% Cl]=3.98 [1.22-13.03], P<0.05).

Conclusions: A negative trend of intradialytic ScvO2 was associated with mortality.
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Introduction

Fluid and hemodynamic management is a modifiable cardio-
vascular risk factor in patients on maintenance dialysis. Fluid
overload is associated with inflammation, left ventricular hy-
pertrophy, and mortality [1-3]. To avoid fluid overload, a high
ultrafiltration rate (UFR) is sometimes required. UFR exceed-
ing the plasma refilling rate from interstitium into vascular
space results in blood volume decline and intradialytic hypo-
tension (IDH) [4], which is known to be associated with vas-
cular thrombosis, inadequacy of dialysis, and ischemia of vi-
tal organ [5-7]. Overzealous ultrafiltration (UF) is associated
with impaired myocardial blood flow and cardiac dysfunc-
tion [8]. It is imperative to maintain normohydration status
for long-term survival.

Central venous oxygen saturation (Scv02), a proxy measure
of upper-body blood flow, is known to be a marker of mortal-
ity in cardiovascular surgery, cardiogenic shock, septic shock,
and other critical settings [9]. It has been demonstrated low
Scv02 levels and high ScvO2 variability are associated with poor
prognosis [10,11], and might be more specific to pathophys-
iologic events preceding IDH than blood volume change [12].
Intradialytic oxygen supplement and adequate UF volume can
increase ScvO2 [13]. Scv02 is well-correlated with arterial oxy-
gen saturation (5a02) and tissue oxygenation [14]. Given that
hypoxemia is associated with cardiac arrhythmia, cardiovas-
cular event, and mortality, ScvO2 might be a potential mark-
er for prediction of adverse outcomes [14].

Fluid removal by adequate UF can achieve better Sa02, whereas
overzealous UF results in high ScvO2 variability and IDH [10],
and it also causes myocardial stunning and end-organ dam-
age [15]. Several blood volume monitors, including biomarker,
clinical, and instrumental assessments, have been introduced
to avoid overzealous UF [7], but some of them are inaccurate or
do not occur in real time [7]. Intradialytic monitoring of blood
volume, including relative blood volume (RBV) and absolute
blood volume (ABV), has been measured by hematocrit-based
and UF jump-based methods to prevent IDH [15,16]. To coun-
terbalance the hypotension, plasma refilling, sympathetic nerve
system activation, and vasoactive hormone have been imple-
mented [4]. The counter-regulatory mechanism is mainly acti-
vated according to ABV reduction [17]. ABV change was shown
to be better correlated with UFR than is RBV change [18]. It is
not reduced interstitial volume but intravascular underfilling
that compromises adequate circulation [18]. Since the balance
between UFR and capillary refilling is the determinant of IDH,
ABV change might be better than RBV change as a real-time
fluid monitor. As fluid depletion and overload both resulted in
increased mortality, real-time intradialytic blood volume mon-
itor is crucial. In the present study, we hypothesized that the
intradialytic slope of Scv0O2, affected by blood volume change,
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is a predictor of mortality. Therefore, this retrospective study
used hospital record data of 144 dialysis patients with cen-
tral venous catheter access and aimed to evaluate the ScvO2
gradient, blood volume, and patient mortality

Material and Methods

Ethics Statement

This study was conducted in adherence with the Declaration
of Helsinki (2000) of the World Medical Association, and the
study protocol was reviewed and approved by the institution-
al review board of Taoyuan General Hospital (TYGH.112057).
Written informed consent was obtained from each patient.

Participants and Data Source

The cohort study enrolled 488 adult and incident hemodial-
ysis subjects in Taoyuan General Hospital and Xinwu Branch
since July, 2022. Dialysis was commenced in those with creat-
inine >0.53 mmol/L in combination with severe hyperkalemia,
pulmonary edema, or severe metabolic acidosis. Inclusion cri-
teria were: (1) age >20 years and (2) dialysis received for >3
months. We retrospectively reviewed medical records of eligible
patients, including laboratory data, demographic data, under-
lying disease, dialysis information, and outcomes. All records
about diseases were coded using the International Classification
of Diseases, 10'" Version, Clinical Modification (ICD-10-CM) in
the electronic medical records of Taoyuan General Hospital.
Care codes, exam codes, and procedure codes were also ob-
tained. Long-term hemodialysis was confirmed by ICD-10-CM
and RIGISTRY FOR CATASTROPHIC ILLNESS PATIENTS (code:
58001C, 58019C, 58020C, 58021C, 58022C, 58023C, 58024C,
58025C, 58027C, 58029C and N18.6). We also excluded those
with dialysis time <180 min (n=15), on dialysis less than 3 times
a week (n=24), cardiothoracic ratio (CTR) <0.5 (n=80), follow-
up less than 3 months (n=16), and using arterio-venous fistu-
la or graft as access (n=204). Those with initial ScvO2 >85%
or <25% were regarded as laboratory error and were exclud-
ed (n=5). The baseline period was defined as 90 days after
enrollment. The end of the baseline period was the initiation
of cohort time and were followed up until the date of death,
kidney transplantation, or administrative censor on July 31t,
2024. Consequently, a total 144 eligible patients were includ-
ed for analysis (Figure 1).

Outcome Ascertainment

Demographic data, comorbidities, biochemical data, and date
of death were recorded according to electronic medical records.
Patients with last record on AMBULATORY CARE EXPENDITURES
BY VISITS before the end of the study were diagnosed as death.
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Figure 1. Data flow diagram.

Xinwu Branch from July 2022 to July 2024

A total of 488 adult patients started hemodialysis were enrolled in Taoyuan General Hospital and

CTR - cardiothoracic ratio;
ScvO2 - central venous oxygen

saturation.

344 excluded during baseline period
« 16 Dialysis vintage less than 3 months
« 24 Dialysis frequency less than thrice a week

« 15 Dialysis treatment time <180 min per session
+5Scv02 >85% or <25%

« 204 Using arterio-venous fistula or graft as vascular access 80 Those with CTR <0.5

A

| 144 patients on maintenance dialysis were assessed and followed for 2 years

l

Survivor

Non-survivor
N=112 N=32

Participants who were lost to follow-up without death confir-
mation were censored at the last date of follow-up. Participants
who were being followed for more than 2 years were censored
and participants who survived over the administration censor
date were censored on July 31th, 2024,

Blood Volume Monitor Protocol, ScvO2, and Blood
Pressure Measurement

The real-time blood volume status was assessed by Crit-Line
IV monitor (CLM IV) with blood chamber, which measures he-
matocrit non-invasively via photo-optical technology (Fresenius
Medical Care AG & Co, Bad Homburg, Germany). Real-time he-
matocrit and ScvO2 were measured every 20 seconds during
dialysis session and recorded every 20 minutes by well-trained
nursing staff. Maximal Scv02, minimal ScvO2, mean ScvO2,
and ScvO2 at start and end after sessions were also record-
ed. Standard deviations (SD) of ScvO2 and intradialytic slope
of Scv02, calculated by linear regression during dialysis ses-
sions, were also recorded using software after each session.
Intradialytic ScvO2 trend was classified into either decreasing
(mean slope <0) (negative trend) or increasing (mean slope >0)
(positive trend) based on mean slope of ScvO2. To achieve bet-
ter fluid management, we adjusted UFR according to the fol-
lowing protocol: (1) set UFR according to inter-dialysis weight
gain divided by dialysis time, (2) keep RBV slope within 3-6%
per hour, (3) up-titrate UFR 0.5 to 1 ml/Kg/hr while RBV slope
is less than 3% per hour, (4) down-titrate UFR 0.5 to 1 ml/Kg/
hr while RBV slope is more than 6% per hour, (5) cold dial-
ysis, stop UFR, and oxygen supply once IDH occurred, (6) re-
start with half the UFR of the last time as IDH was corrected.
Blood pressure is automatically measured every 30 minutes os-
cillometrically. To avoid hypoxemia, oxygen supply with nasal
cannula was used routinely. IDH was defined as systolic blood

pressure (SBP) less than 90 mmHg. Dialysis information, such
as UFR, UF volume, dialysis treatment time, pre-dialysis SBP,
frequency of IDH, and RBV and ABV slope, were also recorded.
ABV was estimated from RBV around an abrupt change of UF
rate [18]. We assumed that UF and capillary refilling are the
only factors that change the blood volume during hemodialysis.

4 Byt) = Qrt) - Qut),

0<t<T
dt

Where Qr: capillary refilling rate, Qu: UFR; BV, blood volume
Ho(y) = Homesst. L (A)

BI(t)
a1 1.
Homass(t0) % {W(t)} =Qr(t) - Qu(t), t0—a<t<t0+a
_ d{ 1
r(t) = Homass(10)- {W} +0ult), t0-a<t<t0+a

Where a is a very short time.

We introduced a parameter, UF jump, as P
PO = Qu(t0 + 0) — Qu(t0 - 0)

As Qr is continuous at t0; thus,
0=0r(t0 +0) — Qr(t0 - 0)

_ a1y _d|1
0= PO+ Homasso0) ‘( 0] LM i ‘ o) Lm_o)
If we have real-time, high frequency hemoglobin data, ob-
tained from CLM IV and UF jump, we can obtain capillary re-
filling and ABV. As Hbmass (t0) was solved, we can calculate
ABV, according to equation (A).
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RBV was easier to estimate as followed:

_ H(T(before)
RB = HCT(after) !

Comorbidities Ascertainment and Laboratory Data
Measurement

Laboratory measures were performed by the Department of
Laboratory Medicine at Taoyuan General Hospital using stan-
dardized and automated methods. Hemoglobin was obtained
by direct current detection method on microscopy (XN9000,
Sysmex, Japan). Serum creatinine was measured by Kinetic Jaffe’
method (reference range: 0.6-1.3 mg/dL for men and 0.5-1.1
mg/dL for women) (ADVIA 1800, Siemens Healthcare GmbH,
Erlangen, Germany). Serum albumin was determined using
the bromocresol green assay, whereas total protein was mea-
sured by biuret test (ADVIA 1800, Siemens Healthcare GmbH,
Erlangen, Germany). Ferritin and intact parathyroid hormone
(iPTH) were measured by chemiluminescence method (ADVIA
1800, Siemens Healthcare GmbH, Erlangen, Germany). Diabetes
mellitus (DM) was diagnosed according to ICD-10-CM codes:
E08-E14; whereas hypertension (HTN) was encoded as ICD-10-
CM code: 110-116. Congestive heart failure (CHF) was diagnosed
according to ICD-10-CM code: 109.81, 140-143, 150, 111, 113.

Statistical Analysis

Continuous variables with a normal distribution were summa-
rized as mean+SD unless otherwise stated. Variables with a
non-normal distribution are expressed as a median (interquar-
tile range (IQR)). Normality was assessed by the Kolmogorov-
Smirnov test. Pearson’s chi-square, one-way analysis of vari-
ance (ANOVA), or Mann-Whitney U test was used to determine
the differences in the demographic data, the laboratory vari-
ables, and clinical characteristics between survivors and non-
survivors. Univariate and multivariate logistic regression were
used to assess the association between parameters and mor-
tality. To avoid missing possible predictors of death, parame-
ters with P<0.02 were enrolled in the multivariate logistic mod-
el. To develop a flexible approach to modelling the nonlinear
and asymmetric relationship between dialysis mortality and
Scv02 as well as blood volume, we implemented the multi-
variable fractional polynomials (MFP) method and maintained
blood volume and ScvO2 as a continuous variable [19]. Instead
of imposing a specific functional form, the MFP method allows
the data to determine the best-fitting functional form for blood
volume, Scv02, and other adjustment variables. This method
can capture the relationship between mortality and blood vol-
ume and Scv02 in a compact, parsimonious model. The MFP
performance and results were then compared against linear-
quadratic models (Supplementary data).
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Interactions (MFPI) between adjustment variables were tested
to address the possibility of differences in the ScvO2-mortality
curve. To integrate the effect of ABV change and mean ScvO2,
we assessed the association between slope of mean ScvO2 and
mortality. Intradialytic slope of ScvO2 was categorized into as-
cending (slope >0) or descending (slope <0) slope. Cumulative
survival curves for mortality with different trend of ScvO2 were
performed according to the log-rank test. Calculations and com-
parisons in hazard ratios for mortality were conducted using
Cox proportional hazards model. The fit of the Cox propor-
tional hazard model was tested by Schoenfeld residuals test.
All statistical analyses and plots were performed using STATA
16.0 (StataCorp. College Station, Texas, USA). A two-tailed P
value of less than 0.05 was considered statistically significant.

Results

Demographic Characteristics and Clinical Outcomes

The cohort of the 144 subjects were followed up for a median
of 14.8 months, ranging from 9.0 to 23.0 months. The mean
age for the study population was 66.7 years, whereas the di-
alysis vintage was 4.8 years. The incidence of all-cause mor-
tality was 16.7 per 1000 patient-months. The average dialy-
sis treatments with CLM during baseline period were 6.9+0.3
times. The prevalences of DM, HTN, and CHF were 52.8%,
65.3%, and 20.8%, respectively. The median hourly RBV and
ABV slope were -3.1% and -3.9%, whereas the ABV change at
end of dialysis was -16.0% (-12.0% to -18.0%).

Comparisons Between Survivors and Non-Survivors

Table 1 shows comparisons between survivors and non-sur-
vivors. Non-survivors were older (71.2 y vs 65.5 y) and had a
higher proportion of IDH (31% vs 12%), as well as lower creat-
inine (0.74 mmol/L vs 0.85 mmol/L), lower median treatment
time per session (3.5 hr vs 3.9 h), lower mean ScvO2 (64.5% vs
68.0%), and descending slope of mean Scv02 (-0.88% per h vs
0.69% per h). There were no differences among the 2 groups
in BMI, length of follow-up, dialysis vintage, levels of albumin,
total protein, hemoglobin, iPTH, and ferritin, as well as dialysis
information, such as UF volume, pre-dialysis weight, dialysis
adequacy(Kt/Vurea), ABV slope, RBV slope, other ScvO2 mea-
surements, the proportions of sex and comorbidities (Table 1).

Model Fitting

The best-fitting model for ABV and mortality was identi-
fied by MFPI including ABV and squared ABV. The main ad-
justment model also included age, albumin, creatinine, to-
tal protein, mean Scv02, and CV of ScvO2. The transformed
model (Deviance difference=146.15) significantly improved
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Table 1. Baseline characteristics of study population.

All participants Survivors Non-survivors

Parameters P value

N=144 N=112 N=32

Age (year) 66.7+14.2 65.5+14.3 71.2+12.9 0.045*

Average RBV slope (%/h) -3.1 (-2.0, -4.0) -3.1 (-2.0, -4.0) -3.0 (-2.1, -4.0) 0.417

Data were percentage, mean+standard deviation, median (interquartile range (IQR)). * P<0.05. BMI — body mass index; DM — diabetes
mellitus; CHF — congestive heart failure; ScvO2 — central venous oxygen saturation; iPTH — intact parathyroid hormone;

IDH - intradialytic hypotension; UFV — ultrafiltration volume; UFR — ultrafiltration rate; SD — standard deviation; ABV — absolute blood
volume; RBV - relative blood volume.
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Table 2. Univariate logistic regression and final model including fractionally transformed absolute blood volume(ABV) and interaction
identified significant.

Parameter B coefficient SE OR (95% ClI) p value

Univariate analysis

Age 0.032 0.016 1.032 (1.001-1.065) 0.048*
”””” Female 038 o047 069 (0312153%) 0366
”””” sw 009 o000 0943 (0822128) 0400
”””” Diaysisvintage  -0093 0037 0912 (0769-108) 0287
”””” om o001 oas 090 (04422221 o981
”””” peHDS®P ool o013 1014 (0989-104) 0276
"""" W om7 0509 08o0 (0328241 0819
”””” Utrafitvationrate ~~ -0081 0079 0993 (08sL11s§ 0924
”””” Knvwea 053 o7ed 05 (01312020  0dss
”””” Mbumin 1085 oes 0338 0091194 0092
”””” Totalprotein 0071 0034 0932 (087109%) 003"
”””” Creatiiie 1% o008 o5 07000973 oo
”””” Hemogobn 009 o179 1100 0775156 0593
”””” Fertn o012 0193 1212 08301769 0231
”””” PH oo ool 1001 (1000-100) 018
”””” ABVsope 019 0134 1149 0881493 0297
”””” Revsope o9 o016 092 (0722118) 0530
”””” (M8vmean®) ooz 0031 098 (0930-105) o711
”””” (A8v-meanssv? o013 0004 1013 (10061020 0001
”””” UFRmeanU®) o081 o079 1085 (09281268 0305
"""" UFRmeanUFR? 014 0024 098 (09411034 0566
”””” Meanswo2 00 0040 0876 (08100949 0001

(ABV-mean ABV) 1.389 0.700 4.010 (1.071-15.520) 0.049*
(ABV-mean ABV)? -0.150 0.060 0.860 (0.75-0.999) 0.047*
(ABV-mean ABV)?xMean ScvO2 0.002 0.001 1.001 (1.000-1.004) 0.047*

* P<0.05. SE - standard error; OR — odds ratio; BMI — body mass index; UFR — ultrafiltration rate; DM — diabetes mellitus;

CHF - congestive heart failure; Kt/Vurea — dialysis adequacy; iPTH — intact parathyroid hormone; ABV — absolute blood volume;
RBV - relative blood volume, ScvO2 — central vein oxygen saturation; (ABV-mean ABV) — centered ABV; (ABV-mean ABV)? — squared
term of centered ABV; (ABV-mean ABV)?xMean ScvO?2 — interaction term between squared term of centered ABV and mean ScvO2.
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Figure 2. The association between absolute blood volume(ABV) change and probability of 2-year mortality(Pr. of 2-year mortality)
among different quartile(Q1-Q4) of central venous oxygen saturation (Scv02).
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Figure 3. The association between mean central venous oxygen
saturation (ScvO2) and probability of 2-year mortality
(Pr. of 2-year mortality).

model fit relative to the untransformed model (Deviance dif-
ference=100.70) and linear-quadratic model (Deviance differ-
ence=123.66, P<0.05). After finding the best fit for the main
model, the ScvO2-ABV interaction were also identified (Deviance
difference=9.77, P=0.007). After including the above interaction

Figure 4. The association between absolute blood volume

change and mean central venous oxygen saturation
(Scv02).

terms, the final model remained fit the untransformed model
(Deviance difference=123.34, P<0.05). Table 2 shows the logis-
tic regression for the final model including fractionally trans-
formed ABV and interaction term.
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Pr. of 2 yr mortality

Mean slope Scv02 (%/hr)
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Figure 5. The association between slope of central venous
oxygen saturation (ScvO2) and probability of 2-year
mortality(Pr. of 2-year mortality).

Scv02-Mortality Curve and ABV Change-Mortality Curve

The fitted curve showed the association between ABV change
and probability of 2-year mortality (Figure 2). In those below
mean Scv02, increases in ABV reduction were associated with
increased mortality, whereas in those above mean Scv02, the
increases in ABV reduction were associated with decreased
mortality. The wide confidence interval at the left tail of the
high ScvO2 group was due to the low proportion of nega-
tive ultrafiltration. The association between mean ScvO2 and
2-year mortality is shown in Figure 3. The correlation between
mean ScvO2 and mortality was weak (r=-0.05), whereas the
association between ABV change and mean ScvO2 were a re-
verse U curve (Figure 4). We used the intradialytic slope of
mean Scv02 to integrate the effect of ABV change and mean
Scv02. The intradialytic slope of ScvO2 remained significant
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predictors of mortality after multivariate adjustment (adjust-
ed odds ratio and 95% Cl=0.421(0.226-0.783), P<0.05), and
the intradialytic slope of ScvO2 was also negatively associ-
ated with mortality (r=-0.11) (Figure 5). We also categorized
our subjects into decreasing slope or increasing slope accord-
ing to the intradialytic trend of ScvO2. In the crude Cox mod-
el, those with a descending slope of ScvO2 had significantly
higher risks of mortality than those with an ascending slope
(HR [95% Cl]=3.43 [1.40-8.44]). After adjusting demograph-
ic data, comorbidities, and laboratory data other than ABV
change, decreasing ScvO2 remained a predictor of mortality
(HR [95% Cl]=3.98 [1.22-13.03], P<0.05). The cumulative sur-
vival curve also demonstrated that patients with increasing
Scv02 also had better prognosis than those with decreasing
Scv02 (log-rank chi-sq=8.43, P=0.004) (Figure 6).

Discussion

This cohort study demonstrated that mean ScvO2 and ABV
change were both associated with mortality. The association
between ABV change and mortality was a reverse U shape.
Decreasing intradialytic slope of ScvO2, an integrated effect
of overzealous UF in those with low ScvO2 or inadequate UF
in those with high Scv02, is associated with poor prognosis.

Scv02 is a well-known predictor of mortality and is determined
by upper-body blood flow (UBBF), hemoglobin, Sa02, and oxy-
gen extraction by adjacent tissue or organ [9-11]. UBBF is as-
sociated with cardiac output [20], whereas tissue hypoxemia
is associated with cardiac arrhythmia [14]. Anemia is known
to result in increased cardiac output and vascular remodeling,
and is also a marker for an underlying inflammatory process
[21]. Not surprisingly, ScvO2 can predict mortality in those on
dialysis. ScvO2 rise is positively correlated with UF volume at

’ . . Figure 6. Cumulative survival curve between
Kaplan-Meier survival estimates . .
1,004 o ascending and descending slope of
l————-.____1 central venous oxygen saturation
(Scv02).
0.75 1
2
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025
P=0.004
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Months after enrollment
Descending slope ———Ascending slope
Months 0 5 12 18 24
Ascending slope 65 63 61 60 59
Descending slope 79 7 66 61 33
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the early phase of dialysis, whereas ScvO2 decline is inversely
associated with UF volume in the late phase [13]. Overzealous
UF can lead to impaired myocardial blood flow and myocardi-
al stunning, followed by cardiovascular events [8]. Excess fluid
removal can impact intradialytic hemodynamic stability. Thus,
the association between dynamic change of Scv02, blood vol-
ume, and mortality is conceivable. There are several explana-
tions for the associations among dynamic change of Scv02,
ABV, and mortality. Initial Sa02 decline might be attributed
to leukocyte activation and migration because of membrane-
blood bioincompatibility [22]. Bicarbonate diffusion from di-
alysate into patient’s blood results in a reduced respiratory
drive [23]. Excess fluid removal can impact intradialytic he-
modynamic stability and cardiac output. Alternation of cardi-
ac output leads to UBBF and Scv02 variation. Finally, intermit-
tent atrial fibrillation is common during dialysis [24]. Cardiac
arrhythmia is associated cardiac output instability and Scv02
variability. In our study, intradialytic slope of ScvO2, an inte-
grated effect of fluid removal, and cardiac output, was nega-
tively correlated with mortality.

Some studies found that high variability of ScvO2 and high
UF volume were associated with mortality [10,13]. Variability
of Scv02 is reflected by standard deviation divided by mean
Scv02 [10], whereas high UF volume results in steeper ScvO2
drop [13]. As the trend of ScvO2 was attributed to mean Scv02
and dynamic change of ABY, the slope of ScvO2 might pre-
dict mortality. Some studies also indicated high ScvO2 and
low blood volume change were associated with better prog-
nosis [25]. Although blood volume monitoring was advised in
previous studies, some intradialytic fluid monitoring showed
a negative result [26], possibly explained by a low adherence
to study protocol and setting of critical RBV reduction. The ac-
ceptable hourly RBV reduction was 3-6%, rather than the >8%
reported in previous studies [25,27]. Excessively rapid UF (>13
ml/Kg/h) had an increased risk of mortality, especially in those
with high CTR or CHF [28,29]. It was also reported that pre-
dialytic fluid depletion was associated with an increased risk
of mortality, whereas post-dialytic fluid depletion reduced the
risk of death [30,31]. As our study population was monitored
with appropriate RBV reduction and most of our subjects had
a high CTR, the results are reliable.

Several methods have been proposed to access fluid status, in-
cluding inferior vena cava diameter (IVCD), bioimpedance anal-
ysis (BIA), lung ultrasound, and sodium magnetic resonance
imaging (MRI) [7]. IVCD had poor predictive value on blood pres-
sure in probing dry weight, whereas BIA was limited by non-
real-time monitoring of fluid status. It is also inaccurate at ex-
tremes of BMI and requires repeat measurements [32]. Sodium
MRI is limited by its complex setting and number of scanning
devices required [7]. Blood volume monitoring is a simple and
non-invasive method to monitor hydration status and capillary

DATABASE ANALYSIS

refilling. RBV and ABV have roles in fluid management in HD
subjects [18]. However, ABV changes seem to be more relevant
to clinical outcomes. As IDH is a predictor of death, blood pres-
sure and tissue perfusion are concerned. The counter-regulato-
ry mechanism is activated while ABV, but not RBV, at 20% be-
low normal [17,18]. RBV changes usually underestimate ABV
change. Blood shifts from microvascular to macrovascular sys-
tem, leading to central hemodilution. Thus, RBV is relatively
high and underestimates ABV change. ABV can be easily con-
verted to RBV but not vice versa. Adjust dry weight based on
ABV, but not RBV, reduced intradialytic morbid events [33]. RBV
is affected by posture change, exercise, diet, and intravenous
fluid infusion [16]. ABV measurement was used to demonstrate
that vascular refilling is dependent on UF volume, but not flu-
id overload. UFR affects RBV change in the late phase of dialy-
sis, whereas total protein was associated with UFR in the early
phase [34]. As ABV was estimated based on UF jump and hema-
tocrit in our study, the correlation between hourly ABV changes
with UFR is better than those between RBV changes and UFR.

Limitations of the Study

First, it was a retrospective observational study within a single
medical center; thus, causal inference is impossible. Secondly, the
sample size was limited. Thirdly, despite multivariate adjustment,
residual confounding factors cannot be excluded. Those with UF
intolerance, such as the elderly, CHF, and high comorbidity, might
have distorted the association between ScvO2 and death [35]. We
lacked data on residual renal function, which is associated with
UF volume and blood volume change [36]. Furthermore, objec-
tive indicators of fluid status, especially post-dialytic bioimped-
ance analysis, were not available, but they can help clarify the
relationship between fluid status and ABV change. Finally, ABV
measurement might be affected by technical- and treatment-
related intervention, such as wrong placement of the measure-
ment chamber and intravenous bolus of fluid.

Conclusions

In summary, a negative trend of intradialytic ScvO2 was asso-
ciated with mortality. Mean ScvO2 and ABV change were inde-
pendently associated with mortality. The association between
mean Scv02 and ABV change was a reverse U curve. The in-
tegrated effect of mean ScvO2 and ABV change, reflected by
intradialytic slope of Scv02, was a predictor of mortality. This
study was limited by study design and sample size. Objective
fluid indicators are needed to confirm the association and ef-
fect modification between ScvO2 and mortality.
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