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Intradialytic Serial Vascular Access Flow Measurements Saif U. Rehman, MD, Lara B. Pupim, MD, Yu Shyr, PhD, Raymond Hakim, MD, and T. Alp Ikizler, MD ● Hemodialysis vascular access failure represents a major source of morbidity and mortality in chronic hemodialysis (CHD) patients. Serial vascular access blood flow (VABF) measurements are being used as a screening method at an increasing rate. There are limited data on the changes in VABF throughout the hemodialysis session, which may potentially affect the validity of VABF measurement. This study is performed to evaluate the trend in VABF during a given hemodialysis session by serial VABF measurements, along with potential factors that may affect VABF. Thirty-two CHD patients had serial VABF measurements performed during a hemodialysis session. Each patient had three serial VABF measurements during a hemodiaysis treatment (within 30, 90, and 150 minutes from the start of hemodialysis). Mean arterial blood pressure (MAP), ultrafiltration rate, and patient symptoms were recorded simultaneously. The mean VABF was 1,344 ⴞ 486 mL/min within 30 minutes of hemodialysis and decreased to 1,308 ⴞ 532 and 1,250 ⴞ 552 mL/min after 90 and 150 minutes, respectively. This trend was statistically significant (P ⴝ 0.03). There was a strong correlation between VABF measurements and MAP, which was more pronounced after 90 minutes of initiation of hemodialysis (r ⴝ 0.68; P F 0.001). Using multivariate analysis, it can be predicted that after 90 minutes of hemodialysis, each 10% decrease in MAP would result in an expected decrease of 8% in VABF. There was no effect of type of vascular access, baseline VABF, or amount of ultrafiltration on VABF changes. In conclusion, VABF measurements can be performed up to 2 to 21⁄2 hours from the start of hemodialysis in the majority of patients. The major determinant of VABF changes is MAP. In a subset of patients with a decrease MAP greater than 15%, it is advisable to perform VABF measurement either at the first 90 minutes of hemodialysis or postpone it to another treatment session, when MAP is more stable. 娀 1999 by the National Kidney Foundation, Inc. INDEX WORDS: Hemodialysis vascular access; access thrombosis; mean arterial blood pressure; vascular access blood flow; ultrasound dilution technique.
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EMODIALYSIS vascular access failure represents a major source of morbidity and mortality in chronic hemodialysis (CHD) patients and is the leading cause of hospital admissions in these patients.1 The most common pathophysiologic characteristic of thrombosis in hemodialysis vascular accesses, especially polytetrafluoroethylene (PTFE) grafts, is stenosis of the venous outlet because of myointimal proliferation,2 which is a progressive process and leads to the reduction of vascular access blood flow (VABF) and eventually thrombosis. Recent studies suggested prospective screening and detection of dysfunctional hemodialysis vascular accesses, combined with therapeutic interventions, may reduce the thrombosis rate and prolong their long-term life span.3-6 Among several potential methods to detect vascular access dysfunction, VABF measurements by ultrasound dilution technique have been shown to be a sensitive predictor of subsequent vascular access thrombosis.7-10 Consequently, VABF measurements by ultrasound dilution technique are being used in CHD units at an increasing frequency.7,10 The current suggested method is to perform VABF within the first 30 minutes of hemodialysis, although there are no established guidelines. This restriction is probably because



of concern about potential changes in VABF during a hemodialysis session. However, studies evaluating serial VABF measurements during hemodialysis are limited.11 The recommendation of performing VABF studies during the first 30 minutes of hemodialysis significantly limits the total number of vascular accesses that can be tested during a given dialysis shift and creates logistic problems in the scheduling and interpretation of these blood flow measurements. It is therefore important to determine to what extent VABF changes during a hemodialysis session and the association, if any, of such changes with changes in blood pressure and episodes of hypotension. We performed this prospective study to evaluate serial VABF measurements during a hemodiFrom the Departments of Medicine, Divisions of Nephrology and Biostatistics, Vanderbilt University Medical Center, Nashville, TN. Received November 12, 1998; accepted in revised form April 16, 1999. Address reprint requests to T. Alp Ikizler, MD, Vanderbilt University Medical Center, 1161 21st Ave S and Garland, Division of Nephrology, S-3223 MCN, Nashville, TN 372322372. E-mail: [email protected]
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alysis session in a group of clinically stable CHD patients. Our aim is to evaluate the trend of VABF during the course of hemodialysis and identify the factors that may influence the changes in VABF. PATIENTS AND METHODS



Patient Characteristics Thirty-two stable CHD patients (18 men, 14 women) followed up at Vanderbilt University Outpatient Dialysis Unit (Nashville, TN) were included on the study. The mean age of the patients was 53.8 ⫾ 15.7 years. Twenty patients had PTFE grafts as their vascular access, and 12 patients had arteriovenous fistulae (AVF). Distribution of race and cause of renal disease are listed in Table 1. Inclusion criteria for the study consisted of: (1) at least 6 months on CHD; (2) vascular access in use for more than 6 months, with no interventions within the last 3 months; (3) Kt/V of 1.2 or greater; (4) previous VABF measurement within 2 months of 750 mL/min or greater for PTFE grafts and 500 mL/min or greater for AVF, and (5) patients with no prior documentation of recirculation in the vascular access. All patients were dialyzed three times weekly on high-flux biocompatible membranes (F-80; Fresenius, Concord, CA) on standard bicarbonate dialysate bath (38 mEq/L of HCO3, 2.5 mEq/L of Ca⫹⫹, 2.0 mEq/L of K⫹), using the volumetric-controlled dialysis delivery system (Fresenius 2008H). Patients were anticoagulated by means of systemic heparin, with an initial bolus of 75 U/kg and 500 U/h for maintenance.



Study Design This was a prospective study. In 27 patients, serial VABF was measured during one hemodialysis session. In 5 patients, serial measurements of VABF were performed at two Table 1. Patient Characteristics and Cause of Renal Disease Sex M F Race Black White Age (y) Mean Range Access type PTFE AVG Cause of renal disease DM HTN GN Misc



18 14 25 7 53.8 ⫾ 15.7 25-81 20 12 10 18 3 1



Abbreviations: PTFE, polytetrafluoroethylene grafts; AVF, arteriovenous fistula; DM, diabetes mellitus; HTN, hypertension; GN, glomerulonephritis; Misc, miscellaneous.



different hemodialysis sessions to evaluate individual variations. One hundred eleven serial VABF measurements were performed during 37 hemodialysis sessions. VABF was measured at three time points during each hemodialysis session. The first measurement was completed within the first 30 minutes of the start of hemodialysis. The second VABF measurement was completed 60 minutes after the initial measurement (ie, 90 minutes from the start of dialysis), and the third VABF measurement was completed 120 minutes after the initial measurement (ie, 150 minutes from the start of dialysis). A maximum of 3 patients were evaluated during a particular hemodialysis shift. All patients had their blood pressure and ultrafiltration recorded at the same time VABF was measured. Blood pressure was measured using a standard blood pressure cuff, and mean arterial pressure (MAP) was calculated using the formula: MAP ⫽ (1/3(SBP ⫺ DBP)) ⫹ DBP where SBP is systolic blood pressure and DBP is diastolic blood pressure. Any morbid events, ie, hypotension or cramps, were also recorded during the hemodialysis session. All measurements were performed with patients seated in the same sitting or reclining position.



VABF Measurement Technique Hemodialysis VABF was measured by ultrasound velocity dilution technique using the Transonic HD01 hemodialysis monitor (Transonic Systems, Inc, Ithaca, NY). The technique is validated extensively and details can be found elsewhere.4,7,10 In brief, the system uses two ultrasonic sensors attached to the catheters of the hemodialysis tubing, one to the arterial and another to the venous catheter, approximately 2 to 6 inches distant from the connection of tubing to dialysis needles. Initially, blood recirculation is checked in the vascular access while the blood catheters are in the normal position. Then, blood catheters are reversed, and ultrafiltration is turned off. The blood pump flow is set at 300 mL/min. A measured bolus of saline (10 mL) is released into the venous catheter, diluting the flow of blood in the access, resulting in changes in sound velocity that are measured by the transducers on the catheters. This change is then calculated by the Transonic software, giving the VABF in milliliters per minute.



Statistical Analysis Analyses of study results focused on estimating the association between VABF and several variables that may affect VABF, as well as VABF changes over time. The general linear model and Pearson’s product-moment correlation coefficient methods were applied to estimate the correlation between VABF and study variables at each time point. Tests of hypotheses concerning the significant changes for the VABF over time were made using the mixed-effect model to adjust the intracorrelation effect for the five patients who had two separate measurements of VABF. All tests of significance were two-sided, and differences were considered statistically significant for P less than 0.05. All data are expressed as mean ⫾ SD. SAS version 6.12 (SAS Institute, Cary, NC) was used for all analyses.
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RESULTS



One hundred eleven VABF measurements in 32 patients were performed during the study. In the first 5 study patients, the measurements were repeated twice at two separate hemodialysis sessions to evaluate test-retest reliability. These measurements were not significantly different from each other (data not shown), and they were combined with the overall data for final analysis. Figure 1 shows the mean ⫾ SD VABF at three consecutive measurements during the study. As seen, mean VABF within the first 30 minutes of hemodialysis was 1,344 ⫾ 486 mL/min (range, 600 to 2,525 mL/min), decreased to 1,308 ⫾ 532 mL/min (range, 560 to 2,905 mL/min) at 90 minutes, and decreased further to 1,250 ⫾ 552 mL/min (range, 465 to 2,905 mL/min) at 150 minutes. There was a statistically significant difference between first and final measurements (P ⫽ 0.03), corresponding to an overall decrease of 7% in VABF between initial and final measurements during hemodialysis. To identify potential factors that may affect changes in VABF measurements during a given hemodialysis session, we further analyzed the data with regard to several vascular access–, patient-, and hemodialysis treatment–related variables. Patient sex, race, and cause of renal disease were not associated with changes in VABF. Specifically, patients with diabetes mellitus did not have a significant difference with regard to changes in VABF compared with patients without diabetes. Similarly, patients with hyperten-



Fig 2. VABF changes over time during hemodialysis according to access type. (䊏), PTFE graft (n ⴝ 20); (䊐), AVF (n ⴝ 12).



sion as the cause of renal disease did not have an independent effect on VABF changes during hemodialysis treatment (P ⬎ 0.6 for patients with diabetes and hypertension). Vascular Access Type Figure 2 shows the average VABF measurements during hemodialysis according to access type. During the first measurement, the mean VABF in the PTFE grafts (n ⫽ 20) was 1,477 ⫾ 522 mL/min (range, 700 to 2,525 mL/min), decreased to 1,457 ⫾ 556 mL/min (range, 785 to 2,505 mL/min), and further decreased to 1,413 ⫾ 602 mL/min (range, 520 to 2,905 mL/min) during the second and third measurements, respectively. This corresponded to a 4.3% decrease after 21⁄2 hours. This decrease was not statistically significant (P ⬎ 0.05). In the AVF group (n ⫽ 12), VABF was 1,126 ⫾ 333 mL/min (range, 600 to 1,630 mL/min) at first measurement and decreased to 1,062 ⫾ 395 mL/min (range, 560 to 1,790 mL/min) and 982 ⫾ 326 mL/min (range, 465 to 1,650 mL/min) during the second and third measurements, respectively. This represented a 12.8% decrease after 21⁄2 hours of dialysis. This trend was also not statistically significant (P ⬎ 0.05). Baseline VABF



Fig 1.



VABF changes over time during hemodialysis.



The data were further analyzed by comparing groups of patients according to their baseline VABF. Patients were grouped as follows: group
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1, patients with VABF less than 1,000 mL/min; group 2, patients with VABF between 1,001 and 1,500 mL/min; group 3, patients with VABF between 1,501 and 2,000 mL/min; and group 4, patients with VABF greater than 2,000 mL/min. As seen in Fig 3, all groups showed the same pattern of changes in VABF during hemodialysis at different time intervals, and there was a small decrease for each baseline VABF that was not statistically significant among various groups (P ⬎ 0.05). Relationship of MAP to VABF The data were also analyzed with regard to changes in MAP during the hemodialysis treatment. During the course of hemodialysis, MAP decreased from 104.8 ⫾ 19 mm Hg (range, 69.6 to 138.7 mm Hg) to 97.3 ⫾ 14 mm Hg (range, 65.3 to 127 mm Hg) at 90 minutes and to 94.5 ⫾ 16 mm Hg (range, 67.3 to 123.6 mm Hg) at 150 minutes (overall decrease of 9.8% in MAP between first and last measurements). This decrement in MAP was statistically significant (P ⬍ 0.01). The relationship between MAP and VABF was first evaluated by Pearson’s correlation coefficient. Specifically, percentage of changes in VABF and MAP between two consecutive measurements were correlated. Because each patient had three measurements (30, 90, and 150 minutes), data were analyzed at each time period (ie,



Fig 3. VABF changes during hemodialysis according to baseline VABF. (䊏), VABF F 1,000 mL/min (n ⴝ 8); (%), VABF, 1,001 to 1,500 mL/min (n ⴝ 19); (䊐), VABF, 1,501 to 2,000 mL/min (n ⴝ 6); (6), VABF G 2,001 mL/min (n ⴝ 4).



Fig 4. Correlation between percentage of changes in MAP and VABF in period 1 (P ⴝ not significant).



percentage of changes between 30 to 90 minutes (period 1) and 90 to 150 minutes (period 2). Pearson’s correlation coefficient was 0.24 at period 1, which was not statistically significant (Fig 4), but improved to 0.68 for period 2, which was highly statistically significant (P ⬍ 0.001; Fig 5). When similar analyses were performed separately for each access type, consistent results were also obtained. During period 2 (90 to 150 minutes), Pearson’s correlation coefficient was 0.67 (P ⬍ 0.01) for AVF and 0.53 (P ⬍ 0.01) for PTFE grafts. Thus, although there was no statistical association between VABF and MAP during the initial 90 minutes of treatment, there was a strong degree of linear association between VABF and MAP after 90 minutes, and this correlation was seen in both AVF and PTFE grafts. We further applied a generalized linear model to evaluate the relationship between MAP and VABF. The model controls for other variables, including age, race, sex, and access type. It also allows inclusion of both time periods for each



Fig 5. Correlation between percentage of changes in MAP and VABF in period 2 (P F 0.001).
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patient in the analysis. There was again a strong direct statistical correlation between MAP and VABF. In this case, the relationship was statistically significant for both time periods combined, as well as each time period separately. Nevertheless, the effect was more pronounced after 90 minutes of hemodialysis. Specifically, for each 10% decrease in MAP, VABF decreased 8% when analyzed as a continuous variable during the second period. Finally, we also analyzed the relationship between MAP and VABF using several intervals. Table 2 lists these results by 5% decrements in MAP for each time period. As seen for the group of patients with an MAP decrease of 10% or more, VABF decreased 8% in period 1. During period 1, VABF did not decrease more than 8% (range, 4% to 8%) even for MAP decreases of 25% or more. Conversely, during period 2, there was again a direct relationship between MAP and VABF changes. Specifically, as the decline in MAP increased in terms of percentage, the decrease in VABF was more pronounced. For example, for an MAP decline of 10% or more, VABF decreased 14%. The group of patients with an MAP decrease of at least 15% showed a decrease of 28% in VABF, whereas in the group with more than a 25% MAP decrement, VABF decreased by 50% (P ⬍ 0.01, at all levels; Table 2). Relationship of Ultrafiltration to VABF The mean volume of ultrafiltration removed was 3.05 ⫾ 0.78 L (range, 1.4 to 4.8 L). There was no correlation between the volume of ultrafiltration and VABF changes between the first and final measurements (P ⫽ not significant). There were no significant complications noted during dialysis and VABF measurements. Table 2. Estimated Decrease in VABF Comparing Two Time Intervals MAP Changes (%)



VABF Decrease Before 90 Minutes (%)



VABF Decrease After 90 Minutes (%)



P



⬎10 ⬎15 ⬎20 ⬎25



8 4 6 6



14 28 28 50



0.01 ⬍0.01 ⬍0.01 ⬍0.01



DISCUSSION



Hemodialysis vascular access failure is an important cause of morbidity and mortality among CHD patients, with significant cost to the endstage renal disease health care system. Stenosis of the venous outlet is the most common cause of vascular access thrombosis in PTFE grafts, and the hemodynamic effect of the stenosis can be predicted by several methods. A number of techniques have been recommended in the National Kidney Foundation Dialysis Outcome Quality Initiatives Vascular Access Guidelines to monitor the extent of stenosis before the development of thrombosis. We and others have found the ultrasound dilution technique to be the more sensitive technique.4,9 This technique is increasingly used in CHD units, with the stipulation by the manufacturer that it be performed within the first half hour of hemodialysis; this has led to limitations in the number of vascular accesses that can be screened in the same dialysis shift. This suggested restriction to the timing of measurement is because of the concern that a decrease in blood pressure would impact on the VABF, resulting in a false-positive finding. Published literature on the changes in VABF during a hemodialysis treatment is very limited. The only study of the stability and magnitude of VABF changes during hemodialysis, to our knowledge, was by Sands et al.11 In this study, it was shown VABF is relatively constant throughout a stable hemodialysis treatment by both Doppler ultrasound and the ultrasound dilution technique. These investigators found no significant correlation between changes in VABF and MAP in a hemodialysis session, although the range was limited (MAP changed from 100 to 89 mm Hg, whereas mean VABF decreased from 1,127 to 1,049 mL/min). Our results are in agreement with those of Sands et al.11 Thus, VABF was relatively constant throughout the entire hemodialysis session. Although VABF decrement reached statistical significance over the first 21⁄2 hours of treatment, the decrement was relatively minor (7%). This decrease probably does not represent clinically important consequences, because we have previously shown that decrements greater than 20% in VABF are needed to predict subsequent thrombosis.9
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The results of our study also indicate that several patient-, vascular access-, and treatmentrelated variables did not affect VABF during a hemodialysis session. Specifically, sex, race, and cause of renal disease (diabetes and/or hypertension), as well as type of vascular access, were not associated with changes in VABF. Similarly, baseline VABF and the amount of ultrafiltration did not affect VABF changes during hemodialysis treatment. Nevertheless, it is important to note the number of measurements may be too small to assess a particular relationship, especially for vascular access type, because the analysis included only 20 PTFE and 12 AVF measurements. Conversely, changes in MAP proved to be the most important determinant of VABF changes during hemodialysis. Consideration of the basic equation: Pressure ⫽ Flow ⫻ Resistance also suggests that, under conditions of a relatively fixed resistance, changes in VABF are primarily dependent on changes in MAP. However, because the extent to which the resistance is relatively constant in the various types of access is not known and may itself vary with MAP, it is clinically more relevant to emphasize the relationship between the two more readily measurable entities; namely, MAP and VABF. We observed a significant trend for decrease in MAP during hemodialysis. Although the relationship between MAP and VABF was evident throughout the entire treatment, the slope of this relationship was steeper after 90 minutes of hemodialysis. For the same changes in MAP, a more significant decrease in VABF relative to MAP actually occurred 90 minutes after the start of hemodialysis. This observation can be explained by the hypothesis that ultrafiltration at earlier stages of hemodialysis can be compensated by shifting fluid into the intravascular space, whereas toward the later stages of dialysis, the intercompartmental shifts of fluids may be more limited and may result in decreased cardiac output, hence decreasing VABF. Nevertheless, it should also be noted that the number of large (⬎20%) decrements in MAP during the initial 90 minutes of hemodialysis was small in our study, and this may have influenced the statistical analysis; thus, it is possible that a substantial decrease in MAP, even during the



initial 90 minutes of hemodialysis, may also lead to a significant decrease in VABF. One of our primary aims in this study is to identify patients in whom VABF measurements should be performed more carefully. We previously showed a decrease in VABF of more than 20% over 3 to 6 months indicates a high risk for vascular access thrombosis and requires preventive intervention.9 In this study, we found a decrease of more than 15% in MAP results in a decreased VABF of approximately 20% to 50%. Therefore, in patients who experience a decrease of more than 15% in their MAP, especially during the last 2 to 21⁄2 hours of hemodialysis, our results suggest VABF should be postponed to another session at which MAP does not decrease substantially. Although this study provides an important clinical guideline for nephrologists, it has certain limitations. Specifically, the ultrasound dilution technique may have operator-dependent variability. It is important the measurements are performed by the same staff, if possible. Using the same operator also saves time and allows more studies to be completed, because experience is gained. The sample size of our study was relatively small, and it excluded unstable patients. Finally, an underlying stenosis in the studied accesses might have affected the MAP and VABF measurements. However, our initial screening, as well as inclusion criteria, most likely excluded the patients with clinically significant stenosis. In conclusion, the results of this study suggest VABF is relatively stable during a hemodialysis treatment, and VABF measurement can be performed up to the first 120 to 150 minutes of the dialysis session in the majority of patients because MAP is relatively constant for most patients during this time. The major determinant of VABF in hemodialysis patients is MAP, and there is a linear correlation between MAP and VABF, more pronounced during later stages of hemodialysis (the final 2 to 21⁄2 hours of hemodialysis). This results in significant decreases in VABF when MAP decreases more than 15% during that period. To improve consistency and accuracy in serial VABF measurements, in patients with a recurrent significant decrease in intradialytic MAP, we recommend VABF monitoring be performed either in the first 90 minutes
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