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Predicting factors of intradialytic hypotension in the last half of hemodialysis therapy
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Abstract
Background
Intradialytic hypotension (IDH) is one of the most frequent complications of hemodialysis. IDH alters a patient’s quality of life and has a strong association with mortality. IDH mainly occurs when ultrafiltration during hemodialysis exceeds the pace of the plasma refill. Ultrasonography has been used to evaluate the intravascular volume status. We evaluated the association between IDH and baseline laboratory data or ultrasound findings during IDH during the latter half of a hemodialysis session.

Methods
Sixty-two patients who underwent hemodialysis were enrolled in this study. The peak early mitral inflow wave velocity (peak E-velocity), the inferior vena cava (IVC) dimensions, and number of B-lines were estimated at two time points (just after the start and at the midpoint of the hemodialysis session). We compared the parameters between the patients without IDH throughout the hemodialysis session (non-IDH group) and patients with IDH only during the latter half of the hemodialysis session (IDH in the latter half group).

Results
Of the 62 study participants, 28 patients were in non-IDH group, and 16 patients were in IDH in the latter half group. The serum sodium level was significantly lower in the IDH in the latter half group (135 ± 4 mEq/L) than in the non-IDH group (138 ± 4 mEq/L) (P = 0.015). The rate of decrease of the peak E-velocity was significantly higher in the IDH in the latter half group (0.33 ± 0.13) than in the non-IDH group (0.24 ± 0.14) (P = 0.037). The best cutoff point of the serum level of sodium was 137 mEq/L, with a sensitivity of 68.8% and specificity of 64.3%. The area under the receiver operating characteristic (ROC) curve was 0.71. The best cutoff point of the rate of decrease of the peak E-velocity was 0.295, with a sensitivity of 73.3% and a specificity of 71.4%. The area under the ROC curve was 0.71.

Conclusions
A low serum level of sodium at baseline and an early decrease in the peak E-velocity during hemodialysis may be related to intradialytic hypotension in the latter half of a hemodialysis session. Careful observation may be needed in the hemodialysis patients in whom the serum level of sodium is below 137 mEq/L or the rate of decrease of the peak E-velocity is over 0.295.

Keywords
Lung echoIntradialytic hypotensionPeak E-velocityB-lineHemodialysisHyponatremia
Abbreviations
	IHD
	Intradialytic hypotension

	IVC
	Inferior vena cava

	Peak E-velocity
	Peak early mitral inflow wave velocity

	ROC
	Receiver operating characteristic




Background
Intradialytic hypotension (IDH) is one of the most frequent complications of hemodialysis and has been estimated to occur in 5–32.5% of hemodialysis sessions [1–4]. IDH alters a patient’s quality of life; it is known to induce ischemic brain injury and myocardial stunning in hemodialysis patients [3–6], thereby showing a strong association with mortality [2, 3, 7]. IDH mainly occurs under the following conditions: when ultrafiltration during hemodialysis exceeds the pace of the plasma refill; failure of physiologic compensatory mechanisms, including autonomic/baroreceptor failure; cardiac dysfunction; impaired vasoconstriction; reduced effective circulating volume. Ultrasonography has been used to evaluate the intravascular volume status. The inferior vena cava (IVC) dimensions represent the right ventricular preload [8], while the peak early mitral inflow wave velocity (peak E-velocity) represents the left ventricular preload [9, 10]. In addition, lung ultrasound has recently been shown to be a useful, noninvasive technique for assessing extravascular lung water [11]. The most commonly observed finding is a comet tail artifact fanning out from the lung-wall interface and spreading upwards towards the edge of the screen, named a “B-line” [12]. The number of B-lines observed in lung ultrasound represents the severity of pulmonary congestion [13, 14]. In this study, echographic examinations were estimated at 2 time points during a hemodialysis session (at the start and at a time point half way through the dialysis session [the midpoint]). We evaluated the association between IDH and baseline laboratory data or ultrasound findings during IDH during the latter half of a hemodialysis session.
Methods
We performed a retrospective, observational cohort study to investigate the factors of IDH in the last half of hemodialysis therapy. Sixty-two patients who underwent hemodialysis at Sekikawa Hospital and whose dialysis data were available were enrolled in this study. Clinical data were collected from the patients’ clinical records. Hypertension was defined by a systolic blood pressure of 140 mm Hg or higher, diastolic blood pressure of 90 mm Hg or higher, and/or current use by the patient of antihypertensive drugs. Diabetes mellitus was defined by a fasting blood glucose level of ≥126 mg/dL, non-fasting blood glucose level of ≥200 mg/dL, and/or current use by the patient of antidiabetic medication. Dyslipidemia was defined by a serum low-density lipoprotein cholesterol level of ≥140 mg/dL, high-density lipoprotein cholesterol level of <40 mg/dL, triglyceride level of ≥150 mg/dL, and/or current use by the patient of lipid-modifying medication. IDH was defined according to the EBPG guideline, which was same as the JSDT guideline, by a decrease of the systolic blood pressure by >20 mm Hg or decrease of the mean arterial pressure by >10 mm Hg, associated with a clinical event and/or the need for nursing intervention [15].
A peripheral blood sample was obtained from each patient before the start of the first hemodialysis session of the week. A lung ultrasound examination was performed on the same day as the peripheral blood sample collection. Bilateral scanning of the anterior and lateral chest walls was performed with the patient in the supine position. An intercostal scan with maximum extension of the visual pleural line was performed. The chest wall was divided into 8 areas (2 anterior and 2 lateral areas per side), and each of these areas was scanned [16]. The number of B-lines was counted as described in a previous report [17–19]. A cardiologist, who is blind to the result of blood peripheral blood sample, performed echocardiography test. The peak E-velocity, IVC dimensions, and number of B-lines were estimated at two time points (just after the start and at the midpoint of the hemodialysis session). Each of the rates of decrease from the start to the midpoint of the dialysis session was also evaluated. The other echocardiographic measurements were obtained at the start of the hemodialysis session.
All the study participants were divided to 3 groups according to their blood pressure status during the hemodialysis session. Patients without IDH throughout the hemodialysis session (non-IDH group), patients with IDH only during the latter half of the hemodialysis session (IDH in the latter half group), and patients with IDH during the first half of the dialysis session. We compared the parameters between the non-IDH group and the IDH in the latter half group.
Data are expressed as the means ± standard deviation or medians (interquartile ranges). The statistical significances of differences were determined using a two-sided paired t-test. For non-normally distributed variables, a two-sided Wilcoxon’s signed rank test was used. The chi-square or Fisher’s exact probability test was used for categorical data. A receiver operating characteristic (ROC) analysis was performed to assess the cutoff point for IDH in the latter half of the hemodialysis session, and the area under the curve, sensitivity, and specificity were estimated. All the statistical calculations were performed using the JMP 5.1 software. P values of less than 0.05 were considered as being indicative of statistical significance. This study was conducted in accordance with the principles of the Declaration of Helsinki and with the approval of the research ethics committee of Sekikawa Hospital (Approved No. H2705).
Results
Of the 62 study participants, while no IDH was observed at any time point during the dialysis in 28 patients (non-IDH group), 16 patients developed IDH only during the latter half of the hemodialysis session (IDH in the latter half group). The remaining 18 developed IDH during the first half of the dialysis session. Medical interventions for IDH in the latter half group were the following: reduction of dialysate temperature in 5 cases, elevation of the lower limbs in 4 cases, reduction of filtration flow rate in 3 cases, infusions of fluid in 2 cases, and administration of a vasopressor agent in 2 cases.
Comparison of the background characteristics between the two groups are shown in Table 1. The gender distribution, mean age, and mean dialysis vintage were not statistically significantly different. The proportion of patients with diabetes mellitus tended to be higher in the IDH in the latter half group (62.5%) than in the non-IDH group (39.3%), although the difference was not statistically significant (P = 0.138). The percentages of patients with hypertension, dyslipidemia, and ischemic heart disease were not significantly different between the two groups. The amount of removed water/treatment time and amount of removed water/treatment time/body weight during the first half of the dialysis session were not statistically significantly different between the two groups.
Table 1Comparison of the background characteristics


	Characteristic
	IDH in the latter half
	Non-IDH
	P value

	Number
	16
	28
	NS

	Gender (M/F)
	8/8
	17/11
	NS

	Age (year)
	74.7 ± 11.3
	76.4 ± 10.0
	NS

	Dialysis vintage (year)
	4.3 [0.5–8.2]
	3.1 [2.4–9.3]
	NS

	Hypertension, n (%)
	13 (81.3)
	24 (85.7)
	NS

	Diabetes mellitus, n (%)
	10 (62.5)
	11 (39.3)
	NS

	Dyslipidemia, n (%)
	3 (18.8)
	4 (14.3)
	NS

	Ischemic heart disease, n (%)
	3 (18.8)
	6 (21.4)
	NS

	Use of anti-hypertensive drug, n (%)

	 All types
	12 (75.0)
	24 (85.6)
	NS

	 RAS inhibitor
	9 (56.3)
	9 (32.1)
	NS

	History of coronary artery disease, n (%)

	 PCI
	2 (12.5)
	2 (7.1)
	NS

	 CABG
	2 (12.5)
	0 (0)
	NS

	Body weight (kg)a
	51.6 ± 8.4
	51.9 ± 10.1
	NS

	Systolic blood pressure (mmHg)a
	153 ± 29
	137 ± 23
	NS

	Diastolic blood pressure (mmHg)a
	75 ± 16
	70 ± 16
	NS

	Heart rate (beat/minute)a
	77 ± 10
	75 ± 15
	NS

	Dialysis time
	3.8± 0.5
	3.8± 0.4
	NS

	Amount of removed water/treatment time (kg/h)b
	0.60 ± 0.21
	0.50 ± 0.26
	NS

	Amount of removed water/treatment time/BW (1/h)b
	0.012 ± 0.003
	0.010 ± 0.004
	NS


Mean ± SD, median [interquartile range]
PCI percutaneous coronary intervention, CABG coronary artery bypass grafting, BW body weight
aAt the start of dialysis therapy
bDuring first half of dialysis session



A comparison of the laboratory data is shown in Table 2. There was no significant difference in the hemoglobin concentration or serum level of albumin, urea nitrogen, creatinine, or C-reactive protein between the two groups. However, the serum sodium level was significantly lower in the IDH in the latter half group (135 ± 4 mEq/L) than in the non-IDH group (138 ± 4 mEq/L) (P = 0.015). The serum albumin was low in this study participants. The serum level of albumin was 3.0 ± 0.6 g/dL in non-diabetes mellitus patients (n=33) and 3.1 ± 0.5 g/dL in diabetes mellitus patients (n=29). There was no statistical difference between the two groups.
Table 2Comparison of blood sample


	Characteristic
	IDH in the latter half
	Non-IDH
	P value

	Albumin (g/dL)
	3.2 ± 0.4
	3.0 ± 0.6
	NS

	Urea nitrogen (mg/dL)
	56.3 ± 23.6
	49.7 ± 16.3
	NS

	Creatinine (mg/dL)
	7.5 ± 2.8
	7.4 ± 2.5
	NS

	Sodium (mEq/L)
	135 ± 4
	138 ± 4
	0.015

	C-reactive protein (mg/dL)
	0.29 [0.09–1.27]
	0.29 [0.11–0.52]
	NS

	Hemoglobin (g/dL)
	10.7 ± 1.2
	10.3 ± 1.0
	NS


Mean ± SD, median [interquartile range]



A comparison of the echocardiographic indices between the two groups is shown in Table 3. At the start of hemodialysis therapy, the left ventricular ejection fraction was 57.4 ± 15.2 in the IDH in the latter half group and 61.0 ± 14.6 in the non-IDH group, with no statistically significant difference between the two groups. The peak E-velocity, IVC dimensions, and number of B-lines at the start of the dialysis session were also not significantly different between the two groups. At the midpoint of the hemodialysis session, the peak E-velocity tended to be lower in the IDH in the latter half group (52 ± 24 cm/s) than in the non-IDH group (60 ± 17cm/s), although the difference was not statistically significant (P = 0.213). The IVC dimensions at the midpoint of the hemodialysis session also tended to be lower in the IDH in the latter half group (11 ± 2 mm) than in the non-IDH group (13 ± 4 mm), although this difference was also not statistically significant (P = 0.249). The number of B-lines at the midpoint of the hemodialysis session was not significantly different between the two groups. The rate of decrease of the peak E-velocity was significantly higher in the IDH in the latter half group (0.33 ± 0.13) than in the non-IDH group (0.24 ± 0.14) (P = 0.037). The rate of decrease of the IVC dimensions tended to be higher in the IDH in the latter half group (0.25 ± 0.14) than in the non-IDH group (0.18 ± 0.17), but this difference was also not statistically significant (P = 0.135). There was also no significant difference in the rate of decrease of the number of B-lines between the two groups.
Table 3Comparison of echocardiographic indices


	 	IDH in the latter half
	Non-IDH
	P value

	At the start

	 LVDd (mm)
	46.1 ± 5.4
	46.3 ± 5.3
	NS

	 LVDs (mm)
	31.3 ± 6.7
	31.2 ± 7.3
	NS

	 LVEF (%)
	57.4 ± 15.2
	61.0 ± 14.6
	NS

	 Maximum WT (mm)
	11.9 ± 1.4
	11.1 ± 1.6
	NS

	 Peak E-velocity (cm/s)
	77 ± 30
	81 ± 23
	NS

	 IVC-ex (mm)
	16 ± 3
	15± 4
	NS

	 B-lines
	13 ± 5
	11 ± 4
	NS

	At the middle

	 Peak E-velocity (cm/sec)
	52 ± 24
	60 ± 17
	NS

	 IVC-ex dimension (mm)
	11 ± 2
	13± 4
	NS

	 B-lines
	10 ± 4
	9 ± 3
	NS

	Decreasing rate (start to the midpoint)

	 Peak E-velocity
	0.33 ± 0.13
	0.24 ± 0.14
	0.037

	 IVC-ex dimension
	0.25 ± 0.14
	0.18 ± 0.17
	NS

	 B-lines
	0.20 ± 0.19
	0.19 ± 0.20
	NS


Mean ± SD
Decreasing rate (start to the midpoint) = (at the start−at the middle)/at the start
LVDd left ventricular end-diastolic dimension, LVDs left ventricular end-systolic dimension, LVEF left ventricular ejection fraction, WT wall thickness, IVC inferior vena cava dimensions, ex exhalation



Figure 1 illustrates the ROC analysis performed to determine the optimum cutoff points for the diagnosis of IDH in the latter half of the hemodialysis session. The best cutoff point of the serum level of sodium was 137 mEq/L, with a sensitivity of 68.8% and specificity of 64.3%. The area under the ROC curve was 0.71. The best cutoff point of the rate of decrease of the peak E-velocity was 0.295, with a sensitivity of 73.3% and specificity of 71.4%. The area under the ROC curve was 0.71.
[image: ../images/41100_2021_336_Fig1_HTML.png]
Fig. 1Receiver operating characteristic (ROC) curve analysis to identify the cutoff points of the serum level of sodium and rate of decrease (start to the midpoint) of the peak E-velocity as predictors of IDH in the latter half of a hemodialysis session. a The ROC curve analysis revealed a cutoff value of 137 mEq/L and area under the curve of 0.79 for the serum sodium level, with a sensitivity of 69% and specificity of 64% for predicting IDH. b The ROC analysis revealed a cutoff value of 0.295 and area under the curve of 0.71 for the rate of decrease of the peak E-velocity, with a sensitivity of 73% and a specificity of 71% for predicting IDH. IHD, intradialytic hypotension; AUC, area under the curve


Discussion
In this study, we demonstrated that the serum level of sodium and rate of decrease of the peak E-velocity were higher in the IDH in the latter half group than in the non-IDH group. The cutoff value for predicting IDH in the latter half of the hemodialysis session was 137 mEq/L for the serum level of sodium and 0.295 for the rate of decrease of the peak E velocity. The likelihood of diabetes mellitus tended to be higher in the IDH in the latter half group than in the non-IDH group.
IDH is caused by a decrease of the cardiac output or decrease of the peripheral vascular resistance. Cardiac output decreases as the intravascular volume decreases. The change in the intravascular volume during hemodialysis is determined by the balance among the ultrafiltration rate, decrease in plasma osmolality, and rate of plasma refilling from the interstitium. Both the IVC dimensions and the peak E-velocity are related to the intravascular volume; the IVC dimensions represent the right ventricular preload [8], whereas the peak E-velocity represents the left ventricular preload [9, 10]. At the midpoint of the hemodialysis session, the peak E-velocity and IVC dimensions tend to be lower in the IDH in the latter half group than in the non-IDH group. The differences might have been statistically significant if the number of study participants were higher. The rate of decrease of the peak E-velocity was higher in the IDH in the latter half group than in the non-IDH group. The rate of change of this parameter may be more useful than the absolute value for predicting the risk of IDH. No significant difference in the rate of decrease of the IVC dimensions was observed between the two groups. Both the peak E-velocity and IVC dimensions reflect the intravascular volume, but the peak E-velocity seems to be a more sensitive indicator of the intravascular volume than the IVC dimensions. On the other hand, B-lines represent extravascular lung water. We previously reported that the IVC dimensions and peak E-velocity decrease mainly during the first half of the dialysis session, while significant decrease in the number of B-lines, which reflects lung congestion, is observed mainly during the latter half of the dialysis session [18]. This finding may be largely dependent on the time lag in plasma refilling. In this study, there was no significant difference in the rate of decrease of the B-lines between the two groups. This may imply that in the IDH in the latter half group, the plasma refilling volume was not sufficient to maintain an adequate intravascular volume during the last half of the dialysis session. Actually, the serum level of sodium, which is an important determinant of the plasma osmotic pressure, was significantly lower in the IDH in the latter half group than in the non-IDH group. The lower level of serum sodium may prevent sufficient plasma refilling, which may result in IDH in the latter half of the hemodialysis session. The cutoff point of the serum level of sodium for predicting IDH was 137 mEq/L. Thus, patients with serum sodium levels of below 137 mEq/L may require careful observation. In the same way, IDH patients have also previously been reported to show lower serum albumin levels [20]. However, in our study, the serum level of albumin was not significantly different between the IDH in the latter half group and the non-IDH group. The serum level of albumin may be a predictor of IDH in the first half of the hemodialysis session.
Reduced cardiac output also reflected by a reduced left ventricular ejection fraction may be caused by ischemic heart disease, left ventricular hypertrophy, and valvular heart disease, which can thereby represent risk factors for IDH [21, 22]. In this study, the proportion of patients with ischemic heart disease, the mean left ventricular ejection fraction, and the mean value of the maximum wall thickness did not differ between the two groups. It is possible that these are predictors of IDH in the first half of a hemodialysis session.
Decreased peripheral vascular resistance is another cause of IDH. Allergy or biocompatibility of anticoagulants, dialysis membranes, and acetic acid-containing dialysate could decrease the peripheral vascular resistance and cause a drop of the blood pressure just after the start of a hemodialysis session. The normal compensatory increase of the peripheral vascular resistance that occurs to maintain the blood pressure when the intravascular volume falls with a high rate of ultrafiltration may fail to occur due to impaired diabetic autonomic neuropathy in patients with diabetes mellitus. Indeed, diabetes mellitus has been reported as a risk factor for IDH [3, 23]. In our study, the proportion of patients with diabetes mellitus tended to be higher in the IDH in the latter half group than in the non-IDH group. The differences might have been statistically significant if there were a higher number of study participants.
Our study had some limitations. The sample size was relatively small, and the study was performed at a single institution. To conclude the predicting factors of IDH, other factors such as plasma refilling rate, arrythmias, valvular heart disease, or ejection fraction should be considered. More patients should be addressed using multivariate analysis. The study participants were relatively old, their hemoglobin and serum albumin levels were relatively low, and their serum NT-proBNP levels were relatively high because of the specificity of our institution. We could not estimate exact dry weight. The golden standard method to determine dry weight does not exist, but there are some markers of intravascular volume such as cardiothoracic ratio or serum level of atrial natriuretic peptide. The bioimpedance spectroscopy device enables to derive the extracellular water and intracellular water. But we did not have such data at the same time; setting of dry weight may not be correct in some study participants. We should also divide patients according to their cardiac functions, but we could not because of small study participants. Another limitation of this study was that the investigator who performed lung ultrasound was not blind for clinical information of the patients such as age, gender, or clinical diagnosis. In addition, the limitations of lung ultrasound are essentially patient-dependent. Obese patients may be more difficult to examine because of the thickness of their ribcages and soft tissues. As we focused on IDH in latter half of a hemodialysis session, we could not assess the predictors of IDH occurring just after the start of a hemodialysis session.
Conclusions
A low serum level of sodium at baseline and an early decrease in the peak E-velocity during hemodialysis may be related to intradialytic hypotension in the latter half of a hemodialysis session. Careful observation may be needed in the hemodialysis patients in whom the serum level of sodium is below 137 mEq/L or the rate of decrease of the peak E-velocity is over 0.295.
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