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Abstract

unchanged.

diagnosed as having IDH.

in specific patients.

Objective: Hypotension is quite common in any dialysis unit and despite significant improvements of hemodialysis
techniques in the recent years; the frequency of recurrent intradialytic hypotension episodes has remained nearly

Our study is aimed to define the pathogenesis of intradialytic hypotension and attempts to describe effective
measures for the hypotension prone hemodialysis patients on an individual basis.

Design: This is a prospective study of 100 hemodialysis patients observed over 12 months at the Lilavati Hospital
and Research Centre, Mumbai, India. Subjects with more than two episodes/month of hypotension on dialysis were

Results: Intradialytic hypotension was found in 18% of subjects. Incorrectly assessed ideal body weight was found
to be the commonest cause of intradialytic hypotension. Volume assessment and adjusting the ideal body weight was
found to be central to the problem of preventing intradialytic hypotension.

Conclusion: This study shows that intradialytic hypotension is a common phenomenon, even in a tertiary care
centre. Preventive strategies should be developed in each unit to decrease the future risk for intradialytic hypotension

Introduction

Hypotension is quite common in any dialysis unit and infusing
saline comes as a knee-jerk reaction to fall in BP. Despite significant
improvements of hemodialysis (HD) techniques in the recent years,
the frequency of recurrent intradialytic hypotension (IDH) episodes
has remained nearly unchanged with the incidence of 20 to 30% of
treatments [1,2]. IDH is defined as a symptomatic decrease of more
than 30 mmHg in systolic blood pressure or as an absolute systolic
blood pressure under 90 mmHg [3]. IDH was defined as per K/DOQI
guidelines as decrease in systolic blood pressure > 20 mm Hg or a
decrease in mean arterial pressure (MAP) by 10 mm Hg associated
with clinical events and need for nursing intervention [4]. Decades of
research revealed that the cause of IDH is multifactorial. First described
in 1970 [4], Bergstrom showed in 1978 that intravascular hypovolemia,
due to a large volume of ultrafiltration in too short a period of time,
was not the sole cause of IDH [5] IDH is the clinical manifestation
of an imbalance between the decreases in plasma volume during
dialysis and the counter regulatory cardiovascular hemodynamic
and neurohumoral mechanisms [6-9]. Our study is aimed to define
the pathogenesis of IDH and thereby to apply the most appropriate
protective strategies for the hypotension prone hemodialysis patient on
an individual basis.

Materials and Methods

e This is a prospective study conducted at the Lilavati Hospital
and Research Centre, Mumbai, India from 1/1/2009 to
31/12/20009.

e 100 subjects who were on maintenance hemodialysis (4 hours/3
per week) observed over 12months.

e IDH was defined as per K/DOQI guidelines as decrease in
systolic blood pressure > 20 mm Hg or a decrease in mean
arterial pressure (MAP) by 10 mm Hg associated with clinical

events and need for nursing intervention. Subjects with more
than two episodes/month of hypotension on dialysis were
diagnosed as having IDH.

e Vital statistics, comorbidities, estimated dry weight, pre and
post dialysis weight, interdialytic weight gain and medications
were recorded. Diet history including salt and water intake
were recorded. Complete Blood Count and Iron studies were
done in all patients. 2D-Echocardigraphy and assessment
for autonomic dysfunction using valsalva maneuver was
performed in all patients.

Interventions applied included the following

e Volume status assessment, salt and fluid restriction to
minimize interdialytic weight gain up to 0.8-1kg per day,
abstaining from food on dialysis, anemia correction, Cardiac
evaluation with 2DEchocardiography & Inferior vena cava
measurement, modifying schedules of antihypertensives and
nitrates, ultrafiltration (UF)/sodium profiling, increasing
dialysate sodium , decreasing dialysate temperature, and use
of vasoconstrictors (vasopressin or midodrine) in a stepwise
manner according to the etiology of IDH.
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Results

Hundred patients were included in this study. Their demographics
are shown in (Table 1). Of the 100 patients studied, 18 patients were
found to have hemodynamically significant IDH (Figure 1). Diabetic
nephropathy was the leading cause (61%) of ESRD among these
patients (Figure 2). Factors responsible for the pathogenesis of IDH
include: incorrect dry weight, poor cardiac function, excess weight
gain, medications (antihypertensives and nitrates), consumption of
food while on HD, anemia, autonomic neuropathy and unknown
causes (Table 2).

Appropriate interventions that proved effective in preventing the
episodes of hypotension during hemodialysis include: increasing the
ideal body weight, use of vasoconstrictors, modifying the medications
(antihypertensives), limiting interdialytic weight gain, avoiding food
consumption while on HD, coronary revascularisation and correction
of anemia (Figure 3).

Discussion

Intradialytic hypotension continues to be a leading problem, and
its incidence varies from 20 to 30%. Intradialytic hypotension not only
causes discomfort, but also increases mortality. Risk factors for IDH are
both age and comorbidity dependent. The population at risk includes
individuals with diabetes (autonomic dysfunction); individuals with
left ventricular hypertrophy (LVH) and diastolic dysfunction, a
history of prior myocardial infarction, or cardiovascular intervention;
individuals with symptomatic coronary heart disease; individuals with
high interdialytic weight gains (>3% of body weight); and dialysis
patients who are anephric [10]. In our study IDH occurred in 18% of

Parameters Mean values
Age (years) 50.5 (30-70)
Sex Males- 68%: Females- 32%
Time on dialysis (years) 4 (1-10)
Nephropathy
Diabetic nephropathy 44.5%
Hypertensive nephrosclerosis 7.6%
Glomerulonephritis 5.1%
Tubulointerstitial nephritis 24.4%
Unknown causes 18.4%

Dry weight
Duration of hemodialysis per session
Ultrafiltration rate per session

60.1 Kg (50-89)
246 min (220-260)
8.07 ml/min

Hemoglobin 9.13 g/dl (7.2-13.6)
2-D Echocardiography (n=16)

Left ventricular hypertrophy (LVH) 7%

Poor systolic function 89.8%

Poor diastolic function 78.7%

Table 1: Demographic variables of the patients.

18%

B IDH
[ Non-IDH

82%

Figure 1: Percentage of patients with Intradialytic hypotension (IDH).

B Diabetic
BNon-Diabetic

61%

Figure 2: Percentage of diabetic and non-diabetic patients with IDH.

Etiology Percentage (%)
Incorrect ideal body weight (dry weight) 33

Poor cardiac function 16

Excess interdialytic weight gain 11

Medications 11

Food on HD 11

Autonomic neuropathy 6

Anemia 6

Unknown causes 6

Table 2: Etiologies for IDH.

Interventions that Proved Useful

Vasoconstrictors
Revascularisation
Modifying drugs
Anemia correction
Avoiding food
Limit Wt Gain

Increase IBW

% of subjects with intradialy tic hy potension

O Percentage of subjects

Figure 3: Interventions that proved useful in preventing IDH.

patients. Diabetic nephropathy was the leading cause of ESRD (61%) in
our patients with IDH. In our study poor cardiac function accounted
for 16%, interdialytic weight gain for 11% and autonomic dysfunction
for 6% of patients with IDH.

In addition to age and comorbidity risk determinants for the IDH
patient, volume removal requirements per treatment, although not well
defined, seemingly pose a risk for IDH in a sizable number of people.
A reported “safe zone” for UF per treatment is less than 3% of body
weight [11]. Exceeding this 3% safe zone for the rate of volume removal
increases the risk for IDH. New dialysis patients started on HD in the
United States have an approximate average safe zone UF of 1.8 to 2.3
kg/treatment based on mean baseline weight across all age categories
of age [12] and yet the standard kilogram interdialytic weight gain
pattern that typical patients present with requires UF rates higher than
the accepted safe zone, thus increasing their risk for IDH. Incorrectly
assessed ideal body weight followed by excess removal of UF is the
commonest cause IDH (33%) in our study.

IDH episodes may resolve with treatment in the unit or persist
even after the patient leaves the unit and returns home. Theoretically,
persistent hypotension after treatment completion may provide an
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explanation for patients who sustain an insult or die sometime later
at home. Patients experiencing IDH who are usually hypertensive may
resume antihypertensive medications at home when the BP is still
low. This could lead to further nocturnal decreases in BP that increase
the risk for an ischemic event [13]. Improper dosage and frequency
of antihypertensive medications administration accounted for 11% of
IDH in our patients.

Detailed hemodynamic analysis of IDH suggests 2 important
things. (1) There is no sudden decrease in plasma volume just before
a hypotensive episode. (2) IDH seems to be due to a decrease in
cardiac output engendered by reduced cardiac filling [14,15]. Most of
the 3 L or so of plasma volume resides in the veins, and several organ
perfusion systems, notably skin and splanchnic, contain veins that
can markedly alter their capacity [16]. A slight loss in venous tone in
either of these systems can result in a marked ebbing of flow return to
the heart with loss of cardiac filling and a resultant decrease in cardiac
output. Food ingestion during dialysis will increase splanchnic blood
flow and may cause hypotension by causing splanchnic blood pooling
[17]. Food ingestion accounted for 11% of IDH in our study. Arteriolar
vasoconstriction will help limit pooling of blood in veins, thereby
helping to maintain cardiac filling and cardiac output. Local tissue
ischemia, via generation of adenosine or other local mediators, may
aggravate hypotension, and methods that help maintain blood oxygen-
carrying capacity and oxygenation (eg, maintaining an adequate level
of hematocrit) might maintain blood pressure by reducing tissue
ischemia [6]. Anemia contributed to 6% of IDH in our patients.

Specific prevention and treatment approaches can be matched to
the patient’s individual physiologic events responsible for IDH [18,19].
The different components of the dialysis prescription can be modified to
help address the various causes of IDH. Multiple pharmacologic agents
are also available for use in treating IDH. These agents can be used
both to avoid IDH events and potentially to decrease the frequency of
acute interventions necessary once the blood pressure (BP) decreases
and the patient’s symptoms are apparent [20]. Educating the dialysis
staff and “at-risk” patients can aid in the early recognition and timely
treatment of IDH events. The number of patients at risk for IDH and
prolonged hypotension has increased with the advancing mean age
of dialysis patients and the multiple comorbidities with which end-
stage renal disease (ESRD) patients present. Considering the potential
vascular risk low BP imparts, IDH can no longer be treated as a benign
condition [20].

At-risk patients® can develop specific BP patterns with either
subtle or no symptoms initially. Patients should be encouraged to
notify the unit personnel if they begin to feel nauseated or diaphoretic
or if they experience muscle cramps, visual abnormalities, or chest
pain. The sooner the unit personnel address such symptoms, the
quicker the BP decrease can be rectified. The patient’s standard HD
should be reviewed with specific attention to the trend in percent
interdialytic weight change, planned total UF, UF rate per hour,
dialysate sodium concentration, dialysate calcium concentration,
and dialysate temperature [20]. The use of a higher dialysate sodium
concentration (>140 mEq/L) is an effective means to ensure adequate
vascular refilling and has proved to be among the most efficacious and
best tolerated therapies for episodic hypotension. Sodium modeling
is a technique in which the dialysate sodium concentration is varied
during the course of the procedure. Most common, a high dialysate
sodium concentration is used initially with a progressive reduction
toward isotonic or even hypotonic levels by the end of the procedure.
This method of sodium control allows for a diffusive Na influx early in

the session to prevent the rapid decline in plasma osmolality as a result
of the efflux of urea and other small molecular weight solutes. During
the remainder of the procedure, when the reduction in osmolality
accompanying urea removal is less abrupt, the dialysate sodium
level is set at a lower level. Higher dialysate sodium concentrations,
whether fixed or modeled, carry the risk for sodium accumulation,
leading to stimulation of thirst, increased fluid gain, and hypertension
in the interdialytic period. Ultrafiltration profiling is the deliberate
use of a high rate of ultrafiltration in the initial part of the treatment,
when the volume of interstitial fluid available for vascular refilling is
maximal, and then sequentially decreasing the rate so as to parallel
the anticipated fall in interstitial fluid volume. Recent studies suggest
this approach is particularly effective when combined with sodium
modelling [21]. Adjusting dialysis prescription with combined sodium
modelling and ultrafiltration profiling and limiting interdialytic weight
gains helped in decreasing the frequency of IDH in 44% of patients in
our study. A number of interventions can be relied on to decrease the
overall risk of the patient for future IDH. These consist of adjusting
pre-HD hypertension medications, and aggressively treating anemia to
optimize blood volume [20]. These interventions proved effective in
our patients as well. Avoiding antihypertensive medications on the day
of dialysis was effective in 11% and correction of anemia was effective
in 7% of patients in preventing recurrent IDH.

An acute BP decrease during dialysis may signal underlying
coronary disease. Patients with underlying coronary disease who
develop IDH, especially if the BP is not corrected to baseline, should
undergo a work-up for ischemic cardiovascular disease [20]. Coronary
revascularisation helped to prevent IDH in 11% of patients in our study.

Pharmacologic interventions should be considered for patients who
require repeat intervention for IDH on HD. A number of medications
are available (caffeine, sertraline, midodrine, vasopressin, etc) and have
been safely used in ESRD patients. The most common approach to
overcome impaired sympathetic activity has been to administer other
vasoconstrictors to increase peripheral vascular resistance.

A systematic review of the literature [22] revealed that 2.5 to 10
mg of the selective a-1 adrenergic agonist midodrine was proved to
be an effective treatment in some patients with frequent intradialytic
hypotension. This drug may also have the additional benefit of better
preserving cerebral blood flow in patients with orthostatic hypotension
after hemodialysis [23]. Vasopressin was recently reported to be
an effective agent to support BP during volume removal. Previous
observations found that plasma vasopressin levels do not significantly
increase during ultrafiltration dialysis despite an anticipated unloading
of baroreceptors. In a randomized, doubleblind, placebo-controlled
trial, the continuous administration of subpressor doses of vasopressin
provided for greater hemodynamic stability even when target fluid loss
was set to be increased by 0.5 kg over the baseline prescription [24]. An
optimal approach may require a combination of dialysis prescription
changes and oral medications [25]. We used midodrine at a dose of 10
mg one to two hours before the initiation of dialysis, with increasing
the dose up to 40 mg. We used vasopressin infusion 0.1 to 0.3 mU/
kg/min during hemodialysis session. Usage of these medicines helped
to prevent IDH in 16% of our study subjects and helped in achieving
the target increase in fluid removal. Eating during dialysis should be
discouraged in patients with a risk for IDH. This approach proved
effective in 11% of patients in our study.
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Conclusion

Preventive strategies [26] should be developed in each unit to
decrease the future risk for IDH in specific patients. Nursing staff
and physicians can help educate the HD patient as to risk factors
and the short-term and long-term implications for the patient with
hypotension. A critical pathway should be implemented in individual
units to help problem-solve why patients are experiencing IDH.
Hypotension should be recognized and be part of the minimal data set
for all patients at the start of each dialysis session (prior event record).
Considering the importance of hypotension in overall patient survival,
the percentage of patients in each unit who experience IDH and/or
present with low BP (systolic BP <110 mm Hg) should be tracked as a
quality assurance initiative.
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