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Background: Intradialytic hypotension (IDH) remains the most frequent severe side effect of hemodialysis
(HD) and increases patient morbidity and mortality. Excessive ultrafiltration (UF) is considered the leading
cause of IDH. This study developed a suitable prescription of UF to reduce the incidences of IDH episodes.
Methods: A retrospective study was performed to analyze 33,224 HD/hemodiafiltration (HDF) treatments
in 312 patients. The prescription of UF were determined following the International Society of Peritoneal
Dialysis (ISPD) guideline. The Pearson’s method was used to study the correlation between relative
variables. The receiver operating characteristic (ROC) curve was used to predict the value of the UF/weight
ratio (UF/W?v) for IDH in all patients to establish a diagnostic cut-off point. Univariate and multivariate
logistic regression analyses were applied to study the risk factors of IDH.

Results: Twelve thousand five hundred and fifty-eight sessions of IDH (38.7%) were identified, among
which 1,224 (3.6%) were recorded with intervention against IDH. Both the systolic blood pressure (SBP)
and mean arterial pressure (MAP) of the hemodialytic patients were positively correlated with the UF
quantity and the UF/W¢, but negatively correlated with blood flow. The ROC curve showed that UF/Wt
=0.04 was the cut-off point for IDH. Age [per 10-year increment, odds ratio (OR) =1.005, 95% confidence
interval (CI): 1.004 to 1.007, P=0.000], diabetes mellitus (OR =1.209, 95% CI: 1.122 to 1.303, P=0.000), and
UF/Wt >0.04 (OR =1.605, 95% CI: 1.532 to 1.682, P=0.000) were all independently associated with higher
incidences of IDH.

Conclusions: IDH commonly occurs during HD in Chinese patients. Unchangeable factors such as
diabetes and age, and modifiable factors including UF were associated with IDH. A UF/Wt threshold more
than 0.04 may be a potential alert for avoiding IDH, especially in the elderly and diabetic patients.
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Introduction

Chronic kidney disease (CKD) has become a worldwide
public health problem. An epidemiological investigation
revealed a national prevalence rate of 10.8% in China (1).
It is estimated that more than 1 million patients with end-
stage renal disease (ESRD) require renal replacement
therapy, however, most of these patients have not received
a kidney transplant, but instead, rely on maintenance
hemodialysis (MHD) for survival. According to the Chinese
National Renal Data System, there were 603,581 patients
on MHD by the end of 2019 (2). One of the most common
complications of MHD is intradialytic hypotension
(IDH), which not only impacts the process of hemodialysis
(HD), but also affects the patient’s quality of life (QoL),
arteriovenous fistulation (AVF), deep venous catheterization
(VC), hospitalization, and even mortality. The main factors
that contribute to IDH have long been discussed and
modified in clinic (3). However, the incidences of IDH can
range from 20% to 30%, and an inappropriate prescription
of ultrafiltration (UF) is the major cause of IDH (4).
Thus, much attention should be given to an appropriate
prescription of UF to decrease the risk of IDH in MHD
patients.

This single-center study aimed to explore the incidences
of IDH, the relationship between the UF prescription and
IDH, and other risk factors for IDH. The data of 33,224
dialysis treatment sessions from 312 MHD patients were
analyzed from the renal treatment system (RTS) database in
our hospital.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-791).

Methods
Study design

Between January 2019 and January 2020, patients aged
from 18 to 75 years with HD vintage more than 3 months
were selected from the Blood Purification Center in the
Sichuan Provincial People’s Hospital. The in-center HD
frequency was 2-3 times weekly. The following patients
were excluded: (I) patients who were pregnant or lactating;
(II) patients with planned kidney transplantation within half
a year; (III) patients with malignancies, active tuberculosis,
severe malnutrition [albumin (ALB) <26 g/L], severe heart
failure [New York Heart Association (NYHA) class III or
more], severe anemia [hemoglobin (Hb) <60 g/L], severe

© Annals of Palliative Medicine. All rights reserved.

5317

pulmonary diseases (such as chronic obstructive pulmonary
disease and pneumosilicosis), or severe infections (such
as sepsis); (IV) patients who cannot undergo upper-limb
monitoring of blood pressure (BP); (V) patients who cannot
have regular HD due to any reason (such as psychiatric or
economic reasons, or poor compliance); and (VI) patients
with major bleeding.

The study protocol was approved by the ethics
committee of Sichuan Provincial People’s Hospital. All
participants provided written informed consent prior to data
collection. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).

Dialysis setting

All patients were dialyzed for 4 hours with the Fresenius
(Fresenius medical care, St. Wendel, Germany) 40088,
4008H, 5008, or 5008S HD machine. Low-flux polysulfone
hollow-fiber dialyzers F6 (Fresenius) and P1350 (Minntech)
were used for common HD, and Fresenius F60S disposable
filters were used for hemodiafiltration (HDF). International
Society of Peritoneal Dialysis (ISPD) guideline was
followed. Low molecular heparin or heparin-free dialysis
(with periodic tube wash with saline) were selected as
anticoagulation methods. The composition of the dialysate
was as follows: 1.25 mmol/L calcium; 135-140 mmol/L
sodium; and 0.5 mmol/L magnesium. The Fresenius two
grade reverse osmosis water management system (Germen
Raul) was used.

Data collection

All data were obtained from the electronic medical records
from the RTS database in our hospital using a de-identified
and anonymized method. Demographic characteristics (age,
gender, race, height, and dialysis vintage), comorbidities
(hypertension, diabetes, and chronic vascular diseases),
physical examinations (pre- and post-dialysis weight,
interdialytic weight gain, and BP), blood tests, and details of
HD prescription [session length, UF volumes, blood flow,
etc.] were collated.

Definitions

BP was collected before and after each dialysis session,
as well as hourly during the session. Pulse pressure and
mean arterial pressure (MAP) were calculated. IDH was
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Table 1 Baseline patient characteristics and history of comorbidities

Characteristic Value
Age (yn) 61.4+14.5
Gender

Male, n (%) 166 (53.2)

Female, n (%) 146 (46.7)
Dialysis vintage (months) 69.7+53.3
DM, n (%) 30 (9.6)
CVD, n (%) 29 (9.3

DM, diabetes mellitus; CVD, cardiovascular diseases.
Coronary heart disease is defined as chronic heart failure with
predominating left ventricular hypertrophy.

defined according to the 2002 K/DOQI (Kidney Disease
Outcomes Quality Initiative) Guidelines with the following
modification: a decrease in systolic blood pressure (SBP)
>20 mmHg (or a decrease in MAP >10 mmHg) during HD/
HDF with or without symptoms of hypotension, namely,
abdominal discomfort, nausea and vomitus, syncope, etc. or
any condition in need of medical intervention.

The prescription of UF was defined as the prescribed UF
adjusted by body weight (UF/W?t). Cardiovascular disease
was defined as chronic heart failure with predominating left
ventricular hypertrophy or diagnosed coronary heart disease.

Statistical analysis

Continuous data are presented as mean + standard deviation
(SD) or median and interquartile range (IQR). Categorical
variables are presented as proportions. Pearson’s method was
used to study the correlation between BP changes, UF/Wr,
and blood flow. Univariate and multivariate logistic regression
analyses were applied to study the risk factors of IDH. The
receiver operating characteristic (ROC) curve was used to
study the predicted value of UF/Wt for IDH in all patients to
establish a diagnostic cut-off point of UF/Wt for IDH.

All analyses were performed with SPSS, version 22.0.0.0
(IMB Corp., New York, USA). A P value less than 0.05 was
considered statistically significant.

Results
Patient characteristics

This study enrolled 312 HD patients (53.2% males) with a
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mean age of 61.4+14.5 years and a mean dialysis vintage of
69.7+53.3 months. Among the 312 HD patients, 30 (9.6%)
presented with diabetes mellitus (DM) and 29 (9.3%) had
cardiovascular diseases (CVD) (Table 1).

The incidence of IDH

Overall, 33,224 dialysis sessions were reviewed and 12,558
sessions of IDH (38.7%) were identified. Among the IHD
cases, intervention against IHD was only recorded in 1224
(3.6%) cases.

The association between BP changes and dialysis-related
factors

Statistical analyses revealed that the decreasing amplitude of
SBP was positively correlated with UF (R =0.136, P<0.05)
and UF/Wt (R =0.123, P<0.05), but negatively correlated
with blood flow (R =-0.019, P<0.05; Figure I).

Similarly, the decreasing amplitude of MAP was
positively correlated with UF (R =0.136, P<0.05) and
UF/Wt (R =0.123, P<0.05), but negatively correlated with
blood flow (R =-0.019, P<0.05; Figure 2).

Factors associated with IDH

The ROC curve analyses revealed a cut-off value of 0.04 for
UF/Wt. Univariate logistic regression analyses showed that
patient characteristics including age, comorbid DM, and
comorbid CVD were possible risk factors for IDH (P<0.10).
Further multivariate logistic regression analyses revealed
that age [per 10-year increment, odds ratio (OR) =1.005,
95% confidence interval (CI) 1.004 to 1.007, P<0.001], DM
(OR =1.209, 95% CI: 1.122 to 1.303, P<0.001), and UF/Wt
>0.04 (OR =1.605, 95% CI: 1.532 t01.682, P<0.0001) were
independently associated with a higher incidence of IDH
(Tible 2).

Discussion

IDH is a common complication during HD and is
strongly associated with patient outcomes, including QoL,
hospitalization, AVF or VC failure, and CVD-associated
mortality (5-9). In this study cohort involving 33,224
dialysis sessions, the incidence of IDH was 38.7%, including
both patients in need of intervention and asymptomatic
patients. Patients in need of intervention were also included
because with increasing dialysis vintage, patients will
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Figure 1 Correlations between UF, UF/Wt, blood flow and SBP changes. A scatter diagram demonstrating the relationships between
systolic blood pressure and (A) ultrafiltration, (B) UF/Wt, and (C) blood blow. The decreasing amplitude of SBP was positively correlated
with UF (R =0.136, P<0.05) and UF/Wt (R =0.123, P<0.05), but negatively correlated with blood flow (R =-0.019, P<0.05). SBP, systolic
blood pressure; deltaSBP, SBP before hemodilysis minus SBP after hemodilysis; UF, ultrafiltration; UF/Wrt, ultrafiltration weight ratio.
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Figure 2 Correlations between UF, UF/Wt, blood flow, and MAP changes. A scatter diagram demonstrating the relationship between mean
arterial pressure and (A) ultrafiltration, (B) UF/W¢, and (C) blood flow. The decreasing amplitude of MAP was positively correlated with
UF (R =0.136, P<0.05) and UF/Wt (R =0.123, P<0.05), but negatively correlated with blood flow (R =-0.019, P<0.05). MAP, mean arterial
pressure; UF, ultrafiltration; deltaMAP, MAP before hemodilysis minus MAP after hemodilysis; UF/Wrt, ultrafiltration weight ratio.

Table 2 Multivariate analysis of the main risk factors for IDH

Risk factor OR 95% Cl P

Age 1.005 1.004-1.007 0.000
DM 1.209 1.122-1.303 0.000
CVvD 1.004 0.930-1.085 0.917
UF/Wt >0.04 1.605 1.532-1.682 0.000

Age, comorbid DM, CVD, and UF/Wt (>0.04) were identified as possible risk factors for IDH through single factor analyses with P<0.1.
These were further tested through logistic regression analysis and age, DM, and UF/Wt >0.04 were all confirmed to be independent risk
factors for IDH. CVD, however, was not obviously correlated with IDH and this relationship requires further analysis. IDH, intradialytic
hypertension; DM, diabetes mellitus; CVD, cardiovascular diseases; UF/Wt, ultrafiltration/weight ratio; OR, odds ratio; Cl, confidence
interval.
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become increasingly intolerant to volume removal during
dialysis.

Several risk factors have been reported to be associated
with IDH, including age, hypertension, DM, lower dry
weight, and higher phosphorus levels (10-12). In agreement
with these reports, this current study revealed that age
(per 10 year-increment), DM, and UF/Wt >0.04 were all
independently associated with an increased incidence of
IDH. Among these risk factors, UF is of significance as
it can be altered by medical staff and patients. In some
cases, IDH was observed even with a small amount of UF,
suggesting that there may be an increase in the UF/Wt.
It is generally accepted that a UF/Wt over 6-7% will
cause inadequate effective blood volume which can directly
increase the propensity of IDH events. In this study,
fluctuations in both SBP and MAP increased with the
increase of UF/Wr¢, attributing to IDH. Analysis using ROC
curves demonstrated that UF/Wt =0.04 was a potential cut-
off point for IDH both in patient with and without DM.

"To further verify this finding, the potential risk factors
of IDH (including age, DM, and CVD) were adjusted. A
UF/Wt value more than 0.04 in the dialysis prescription
was found to be independently associated with IDH.
This preliminary cut-off value will be useful as an early
alert system allowing patients and medical staff to avoid
excessive UF during HD. More precise prediction models
using prospectively designed clinical trials will need to be
established to further confirm and individualize the clinical
application of this finding. Furthermore, medical staff
and patients can play an important role in decreasing the
incidence of IHD and improving relevant patient outcomes
by improved education and methods such as text-message
and other electronic-based alert systems.

Certain studies have demonstrated that the rapid removal
of sodium, urea, and other osmotically active substances
from the intra-vascular compartment, in conjunction with
delayed re-equilibration from intracellular compartments,
may result in a transient decline in plasma osmolality and
intravascular volume depletion secondary to transcellular
movement of water (13,14). However, our study found a
negative association between blood flow and arterial BP.
Similarly, Trivedi et 2/ demonstrated an increase in systolic
and diastolic BP with increasing extracorporeal blood flow
rate (EBFR) (15). Meanwhile, a recent study showed no
consistent trend in BP changes induced by a reduction in
EBFR, and none of the patients experienced IDH in that
study (16). The impact of changes in EBFR on BP during
IDH warrants further investigation.
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There were some limitations in this study. First,
it was a retrospective study, and not all the clinical
information could be obtained. The database for HD
patients was designed to capture information including
patient characteristics, treatment, laboratory findings, and
outcomes. Most of the patient clinical information could be
collated, and we were able to extrapolate other data relating
to treatment and outcomes. Second, the follow-up period
was relatively short, and it was not possible to analyze the
relationship between UF/Wt and the long-term outcomes.
However, this database continuously collects and updates
important patient outcomes. This, together with new
strategies combining efforts from medical staff (electronic
alert, education, etc.) and patients (text-message, education,
diet, etc.) will help to develop a more precise prediction
model based on the findings of this current study.

In conclusion, IDH is a common complication in dialysis
patients, and the associated factors include unchangeable
factors such as DM and age, and modifiable factors
including UF. A UF/Wt threshold more than 0.04 may be
a potential warning to avoid IDH, especially in the elderly
and diabetic patients.
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