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Hemodiaysis is the most successful and
most commonly used form of organ replace-
ment therapy. Its success and worldwide use
attest to its safety. Advancesin dialysis tech-
nology (both in machinery and disposable
parts) contribute significantly to the safety of
this therapeutic modality. Awareness of the
potential complications of the procedure
should facilitate preventive and remedial in-
terventions. While many of the acute compli-
cations of hemodialysis are not immediately
life threstening, they do add to the morbidity
of dialysis patients and to the overall cost of
the therapy.

Cardiovascular
Complications

Hypotension
Clinical Features

Intradialytic hypotension (IDH) is one of
the most common complications observed
during hemodialysis. Cross-sectional studies
suggest that it occurs in about a third of pa-
tients. Prospective longitudinal studiesplaced

the incidence closer to 15% of all treatments
[1]. Its occurrence is closely correlated with
other symptoms such as cramps, nausea and
vomiting. Predisposing factors appear to be a
low body mass (women in particular), ad-
vanced age and the presence of cardiovascu-
lar disease[1]. Theincidence of symptomatic
hypotensive episodes is particularly high in
patients who have normal or low blood pres-
sureat theinitiation of dialysisand in patients
who have largeinterdialytic weight gains[2].
The development of IDH does not seem to be
influenced by the type of hemodialysis mem-
brane used [3].

Some authors have distinguished between
two types of IDH based on the temporal be-
havior of blood pressure [4]. In one type
(gradual hypotension), blood pressure de-
clines gradualy during hemodialysis with
eventua appearance of symptoms. The other
typeismoreacute (sudden hypotension) char-
acterized by an abrupt and sharp fall in blood
pressure along with the appearance of symp-
toms. While some mechanistic differences
have been proposed to distinguish between
the 2 types[4], it isunclear at present whether
these types tend to occur in distinct subsets of
patients and whether separate predisposing
factors can be identified.

Pathophysiology

To understand the pathogenesis, etiology,
and management of IDH, abrief review of the
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determinants of arterial blood pressure on di-
alysisfollows. Mean arterial pressure (MAP)
is determined by periphera vascular resis-
tance (PVR) and cardiac output. Cardiac out-
put is a function of stroke volume (SV) and
heart rate, and SV in turns depends upon
plasmavolume (PV) and myocardial contrac-
tility. During ultrafiltration and/or dialysis,
reduction of PV will result in hypotension if
compensatory changesinmyocardial contrac-
tility, heart rate, or PVR do not occur. During
conventiona dialysis, thereductionin plasma
osmolality (Posm) favors fluid shifts from the
extracellular fluid compartment (ECF) to the
intracellular fluid compartment (ICF), exac-
erbating thevolume depl eting effectsof dialy-
sis. Thereduction in PV with both ultrafiltra-
tionand hemodialysisalsoleadstoanincrease
in plasma oncotic pressure and a decrease in
capillary hydrostatic pressure. Both of these
forces mobilize fluid from extravascular
spaces. The degree to which PV decreases
thus depends not only on the rate of ultrafil-
tration and I CF shifts, but also on the plasma
refilling rate from intracellular and interstitial
fluid (1SF) compartments.

Volume-dependent Factors

While fluid remova during hemodialysis
occurs from the intravascular space, refilling
from interstitial fluid is effective enough that
by theend of atypical dialysistreatment there
is a greater reduction in interstitial fluid vol-
umethanin plasmavolume. Vascular refilling
depends on the rate and degree of ultrafiltra
tion by hemodialysis as well as on other pa-
tient-related factors such as body size, fluid
status, regional blood flow distribution,
plasma osmolality and plasma protein con-
centration [5]. Refilling takes place during
ultrafiltration and continues after cessation of
fluid removal. Salt and water aterations (un-
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der condition of ultrafiltration with normal-
sodium or high-sodium diaysate) are re-
stricted mostly to the ECF component of the
total body water [6]. In the ECF, it is princi-
pally the | SF that buffers salt and water deple-
tion. The ISF is therefore, the buffer zone
which maintains the proper balance and rela-
tionship between vascular capacity and vol-
ume. In end-stage renal disease (ESRD), in-
terstitial colloid osmotic pressure is reduced
and transcapillary colloid osmotic gradient is
raised, conditions that would favor refilling
[7]. After hemodialysis, interstitial colloid os-
motic pressure tends to rise indicating fluid
loss, but thetranscapillary gradient remainsin
favor of refilling [7].

The dependence of refilling on interstitial
hydration would imply that overhydration is
associated with better refilling. Moreover, as
ultrafiltration proceedsandtheinterstitial vol-
ume gradually contracts, one would expect a
progressive drop in refilling rate over the
course of ahemodialysis session. Thisformu-
lation is consonant with the observation that
IDH occurs usually during the latter half of a
hemodialysis run.

Maneuversthat areaimed at enhancing vas-
cular refilling would be expected to have a
salutary effect on the occurrence of vascular
instability during dialysis. Sodium modeling
[6, 8, 9] has been shown to be effectivein this
regard. Improved hemodynamic stability util-
izing sodium bicarbonate dialysismay bedue,
in part, to a greater plasma refilling and a
better preservation of plasmavolume. Under-
estimation of postdialytic dry weight will
cause interstitial dehydration and conse-
quently alow refill capacity. Maintenance of
intravascular fill such as with red blood cell
transfusions in anemic subjects reduces the
short-term frequency of hypotensive episodes
[10].

The latter half of dialysis does not always
correspond to the maximal reduction in
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plasma volume. In many patients, there is
usually no sharp fall in blood volume nor any
changeinthe plasmarefilling rate at or before
the time that IDH takes place [11]. This ob-
servation suggests that IDH is caused by a
sudden breakdown of the blood pressure sup-
port mechanism compensating for a con-
tracted blood volume.

Vascular Tone-related Factors

During hemofiltration and sequentia ul-
trafiltration, the patient’s ability for vasocon-
strictive counterregulation is better main-
tained than during conventional hemodialysis
[12]. Hemodynamic studies have repeatedly
shown that while significant reduction of car-
diac output, SV, pulmonary artery pressure
and PV are observed during hemodiaysis,
only aminimal elevation in PVR is observed
[12].

Inappropriate peripheral venodilatation has
been proposed as an important contributor to
the development of IDH [13 —15]. Bradley et
al. [14] found that while vascular resistancein
the forearm rose during dialysis with acetate
and with bicarbonate (more so with thelatter),
the venous bed of the forearm dilated. Maeda
et a. [13] in a hemodynamic study found a
sharp drop in cardiac output during IDH,
along with concomitant sudden drops in the
mean pulmonary arterial pressure and in the
mean right atrial pressure. These changes
have been attributed to a reduction in venous
return [15]. Since there was no recognizable
alteration in blood volume with the sharp fall
in blood pressure, this curtailment in venous
return is believed to be caused by arelocation
of circulating blood, possibly associated with
a sudden decrease in venous tone [13].

Converse et a. [16] likened the develop-
ment of sudden hypotension during hemodia-
lysis to that encountered in hemorrhage-in-
duced hypovolemia. The latter can trigger a

sudden fall in sympathetic activity resulting
in bradycardia and vasodilatation. A similar
type of vasodepressor reaction developing
during dialysiswould exacerbate the volume-
dependent declinein blood pressure. Further-
more, Converse et a. compared the hemody-
namic and sympathetic nerve activity (using
intraneural microel ectrodesfor measurement)
responses during hemodialysis in patients
with and in those without a history of IDH.
While progressive risesin vascular resistance
and sympathetic activity were observed in the
hypotension-resistant patients, in the hypo-
tension-prone patients, however, the precipi-
tous fall in blood pressure was accompanied
by reductions in sympathetic activity, PVR,
and heart rate aswell as symptoms of vasode-
pressor syncope. These findings indicate that
in some hemodialysis patients, hemodialysis-
induced hypotension is not caused by a
chronic uremic impairment in arterial or car-
diopulmonary baroreflexes but rather by an
acute, paradoxical withdrawal of sympathetic
vasoconstrictor drive. Such a withdrawal
often engenders a vasodepressor Syncope
[16].

Autonomic Neuropathy

Abnormalities of autonomic function have
been observed in patients with chronic renal
failure (CRF) both before and after initiation
of maintenance dialytic therapy. The cold
pressor test, response to sudden loud noise
and mental arithmetic maneuvers were nor-
mal in non-dialyzed patients with CRF sug-
gesting an intact efferent sympathetic path-
way [17]. Expiration/inspiration ratio, ly-
ing/standing ratio, Vasadva ratio and the
baroreceptor sensitivity slope were signifi-
cantly abnormal in nondialyzed patients.
These resultsindicate a defective parasympa-
thetic pathway and a depressed baroreceptor
sensitivity [17]. The heart rate response to

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - Il-4 3

1.4



Chapter Il - Dialysis

standing and the baroreceptor sensitivity are
significantly lower in patients who develop
IDH [17]. Similarly, Hebert et al. [18] found
that day/night blood pressure variations were
significantly reduced in patients with CRF
when compared with a control population.
Hemodialysis patients had a ‘square wave
response to the Vasava maneuver. In this
group of patients, the IDH was not due to left
ventricular dysfunction, but to afailure of the
baroreceptor response to volume depletion
during hemodialysis. Lilley et a. [19] have
suggested that IDH may result from alesion
in the baroreceptors, cardiopulmonary recep-
tors, or visceral afferent nerves.

Role of Dialysate

IDH is more common during acetate dialy-
sis compared to bicarbonate dialysis, particu-
larly in elderly subjects [20]. This phenome-
non has been attributed to a slower metabo-
lism of acetate as reflected in lower post-di-
alysis plasma bicarbonate concentrations
[20]. Hyperacetatemiaresultsin adecreasein
preload, a finding compatible with the veno-
dilatatory effect of acetate [21]. Indeed,
Bradley et a. [14] have shown that the rate of
fall of blood pressurewassignificantly greater
during dialysis using acetate compared with
that using bicarbonate. In addition, acetate
diadysis led to a smaller rise in PVR and a
greater venodilatation.

Prevention

A variety of therapeutic measureshavebeen
used to prevent and treat IDH (Table 1). Gen-
eraly, ultrefiltration rates in excess of 0.3
mL/kg/min (1.2 L/hrina70kg patient) should
be avoided.

4

Patient Factors

Asat least onetype of dialysis hypotension
is dependent on the volume of fluid removed,
it is important that the patients should strive
to gain as little weight as possible between
diaysis treatments. It is doubtful that this
limitation in weight gain can be accomplished
with restrictions of fluid intake as almost all
patients present with a norma pre-dialysis
serum sodium value on the day of dialysis.
The underlying mechanism, therefore, ap-
pearsto berelated to the devel opment of thirst
asaresult of sodium intake. Consequently, in
order to curtail weight gain, sodium intake
must be restricted. Patient education isavery
time-consuming process and the return on
inadequate effort is often regrettably meager.
Most dialysis patients gain about 1 kg of
weight daily. Thismust mean that the patient’s
sodium intake is close to 9 g of sodium chlo-
ride (154 mmol), a value approximating a
normal intakein most of the devel oped world.
Nevertheless, limiting sodium intake is the
key to a successful treatment. The limitation
on weight gain, however, should not lead to
reduction in food intake or compromise ade-
quate nutrition. Meticulous blood sugar con-
trol in diabetics is mandatory to avoid exces-
sivethirst. Some patientshave abnormal thirst
and present with hyponatremia. Angiotensin
converting enzyme (ACE) inhibitors are use-
ful antidipsogeni c agents. Patients should al so
betold not to eat shortly beforedialysisif they
are prone to hypotension to avoid the contri-
bution of postprandia blood pressure drop
[22]. It is dso prudent to withhold short-act-
ing blood pressure medications shortly before
diaysis.

Dialysis Procedure

A longer diaysis session which curbs the
amount of ultrafiltration per time unit may be
beneficial. The use of linear or modeled ul-
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Table 1. Strategies for Prevention and Management of Intradialytic Hypotension

I. Prevention
1. Patient Factors

Avoid excessive interdialytic weight gain (< 5% of body weight)

Frequent assessment of dry weight

Low sodium diet

Meticulous diabetes control

Avoid antihypertensive drugs prior to dialysis
No food on, or just prior to, dialysis

Reduce intake of narcotic analgesics and sedative hypnotics
Improve nutritional status and hypoalbuminemia if present

Increase hematocrit to = 33% (target 33 — 36%)

Evaluate for silent pericardial effusion

Administer prophylactic oxygen, especially in elderly with cardiac and/or respiratory disease and

predialysis PaO2 < 80 mmHg
Ameliorate risk factors for LVH

2. Dialysis Procedure

Avoid ultrafiltration rates > 1.2 L/hr (0.3 mL/kg/minute) [slower, longer dialysis]

Use dialysis machines with ultrafiltration controls

High dialysate sodium (140 — 145 mEq/L)
Sodium ramping programs

Bicarbonate dialysis (especially with high blood flow)

Higher dialysate calcium (3.5 mEq/L)
Lower dialysate temperature (34 — 35°C)

Sequential ultrafiltration/dialysis (occasionally necessary when high UF rates are required)

3. Pharmacologic
Hyperoncotic albumin (20 — 25%)
Midodrine (ProAmitine)

2.5 —-5.0 mg 30 — 45 minutes prior to dialysis. Alternately, 2.5 md bid on dialysis days,

1.25 mg bid on non-dialysis days
Others: mannitol, L-DOPA, L-carnitine

1. Acute Treatment
Volume

[200 mL boluses of isotonic saline, hypertonic saline (10 mL 23%), Mannitol

(50 mL 20%), Dextran 70 (100 — 500 mL 6%)]

Vasoconstrictors:

Phenylephrine, metaramine, norepinephrine, midodrine, dopamine

trafiltration using volume controllers may be
of help; so may sodium modeling (Figure 1)
with a higher sodium diaysate level during
the early part of didysis [23]. Sequencing
dialysis with separation of ultrafiltration and
hemodialysisis not uniformly successful and
the logistic burden may preclude its applica-
bility.

Diaysate Cooling

The greater cardiovascular stability en-
countered during isolated ultrafiltration has
been related to the cooling of blood in the
extracorporeal circuit by asmuch as2° C[24,
25]. This observation lends support to the
suggestion that lowering blood temperature
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Figure 1. Graphic presentation of the 4 dialysate sodium delivery protocols: Protocol A, standard dialysis
(sodium of 140 mEq/L); Protocol B, linear ramping (initial dialysate sodium of 155 mEg/L, continuous decline
to 140 mEg/L by the end of dialysis); Protocol C, stepwise ramping (dialysate sodium of 155 mEg/L for the
first 3 hours and 140 mEq/L for the last hour of dialysis); and Protocol D, exponential program (a smooth
curve reduction of dialysate sodium from the entered percent maximum of 155 mEg/L to 135 mEq/L baseline
level 2 hours before the end of dialysis). Program D result in a geometric mean dialysate sodium of 143
mEqg/L, a value higher than the 140 mEg/L of standard dialysis.

during hemodialysis may afford asimilar ad-
vantage [24]. Lowering dialysate temperature
from 37° to 35°C significantly reduces the
incidence of IDH [24, 25]. While the decline
in incidence has been reported to be dramatic
in short-term studies [24], the overall reduc-
tion in incidence in prospective long-term
studies has been modest [25, 26]. Moreover,
the possibility of having a placebo effect has
also been raised [25]. Greater elevations in
PVR and higher post-dialysis catecholamine
levels suggest that dialysate cooling may en-
hance vasoconstrictor mechanisms. In one
study, dialysate cooling brought about a
greater incidence of cramps [26].

Modulated Dialysis

Determination of blood volume changes by
continuous monitoring has allowed the devel -

6

opment of blood volume controlled ultrafil-
tration. Such measures have resulted in a
lower incidence of symptomatic IDH [27].

Membrane Type and PD

Large studies have found no effect of mem-
brane type on blood pressure values during
diaysis [3, 28, 29]. Should a patient have
excessive hypotension, diaytic therapy
should be switched to PD.

Pharmacological Manipulation

Hyperoncotic albumin 20 — 25% may pre-
vent hypotension and allow more ultrafiltra-
tion to take place. If given, albumin should be
infused rapidly during the first 15 — 30 min-
utes of dialysis to promote mobilization of
any edematous fluid that may be present. The
excessive fluid can then be removed by ul-
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trafiltration. Nasal oxygen has aso enabled
some patients to maintain blood pressure; so
have mannitol infusions. These infusions,
however, cannot be given for more than 3 or
4 dialyses because of the problem of accumu-
lation.

Miscellaneous Treatment

Elevating the legs or using compressive
bandages may facilitate mobilization of the
edema and alow more ultréfiltration to pro-
ceed with lessblood pressure problems. Simi-
larly, raising the hematocrit (HCT) by trans-
fusions or by erythropoietin (rHu-EPO) ther-
apy has curtailed the incidence of IDH in
some patients. It is also important to provide
patients with appropriate stimulation since
simply the boredom of lying and waiting may
worsen hypotensive episodes.

Acute Treatment

Volume Administration

The management of IDH hasrelied on vol-
ume expansion irrespective of the underlying
mechanism in each particular patient. Volume
expansion has frequently been done by infu-
sions of normal saline, a practice that frus-
tratesattemptsto attain dry weight by increas-
ing thefluid burden, thus necessitating greater
ultrafiltration and further hypotension. As a
consequence, a vicious cycle is created. The
volume overload present in between dialysis
sessions gives rise to hypertension that neces-
sitates the use of antihypertensive agents.
Such use aggravates the hypotension occur-
ring during dialysis.

Hypertonic saline solutions safely and ef-
fectively treat IDH and may offer a better
alternative. When a patient is given equal os-
molal loads, the more concentrated solutions

produced a greater increase in systolic blood
pressure. The addition of an oncotic agent
such as dextran may prolong the blood pres-
sure response [30].

Dextrans are useful plasma expanders to
employ in the management of hypotension.
Recent autopsy and biopsy reports[31], how-
ever, have documented the intracel lular depo-
sition of dextrans in various tissues such as
lymph nodes, the heart, adrenals, the bone
marrow and others. A similar problem may be
encountered with mannitol as the fate of this
non-metabolizable alcohol is aso unknown.

Vasoconstrictors

As at least some of the pathophysiology of
diaysis hypotension appears to be due to
vasodilatation, simply giving the patient vaso-
constrictors such as metaramine, phenylepi-
nephrine, norepinephrine, midodrine, amez-
inium, vasopressin or caffeine, has been asso-
ciated with better maintenance of blood pres-
sure [32, 33].

Midodrine, a selective peripherally-acting
a-receptor agonist, has been studied exten-
sively in the treatment of neurogenic or-
thostatic hypotension. It elevates blood pres-
sure by both a constrictor effect on the arteri-
olesand venous capacitance vesselsaswell as
through anincreasein cardiac output based on
a decrease in venous pooling and augmented
venous return. It has minimal cardiac and
central nervous system (CNS) effects, by vir-
tueof itsa 1-receptor specificity anditsinabil -
ity to cross the blood brain barrier.

Experience with midodrine in dialysis pa-
tient is limited and only 3 studies in patients
with ESRD have been published [33 - 35]. In
the small number of patients studied, mido-
drine therapy improved blood pressure stabil-
ity and clinical symptomatology. Since the
active metabolite (deglymidodrine) of mido-
drine is renally excreted, the dose should be
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reduced in dialysis patients. A dose of 2.5 —
5.0 mg administered 30 — 45 minutes prior to
diaysis, seems effective. Doses of 2.5 mg
twicedaily ondialysisdaysand 1.25 mgtwice
daily on non-dialysis days were also found
effective. The most serious adversereaction is
supine hypertension, which has been reported
in8% of patientsinonestudy, and may require
discontinuation of therapy.

Arrhythmias

Arrhythmias are frequent occurrences in
patients on hemodialysis with reported inci-
dences varying from 30 — 48% of patients
[36, 37]. These abnormalities can span from
supraventricular to severeventricular arrhyth-
mias. There is an increased frequency of oc-
currence clustering around dialysis time [36,
38]. Identified predisposing factors include
increased |eft ventricular mass, advanced age,
pre-existing ischemic heart disease, potas-
sium depletion, and the duration of ESRD.
IDH, which may impair coronary perfusion,
acute shiftsin electrolytes (particul arly potas-
sium) conduction system calcifications, and
digitalis therapy are other predisposing risk
factors.

Left ventricular mass is increased in the
majority of dialysis patients, both normoten-
sive and hypertensive [37], and, asin patients
with normal renal function, representsamajor
risk factor for ventricular arrhythmias. The
wide electrolytic and volume changes taking
place during dialysis may create awindow of
vulnerability leading to serious arrhythmic
consequences. The presence of pericarditisis
also associated with a heightened frequency
of supraventricular arrhythmias[39]. Theele-
vation of plasma calcium concentration dur-
ing hemodialysis might induce either reentry-
activity or triggered-activity types of arrhyth-
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mias during treatment. Use of diaysate with
a lower calcium concentration reduces the in-
cidence of arrhythmiasin certain subjects[4Q].

A higher frequency of ventricular arrhyth-
mias was encountered during acetate dialysis
than during bicarbonate dialysis [38]. The
quicker and more regular correction of acido-
sis with bicarbonate dialysis and the conse-
quent difference in ionic flows between the
intra-and extracellular spaces, could account
for the seemingly less arrhythmogenic effect
of bicarbonate dialysis[38].

Treatment of arrhythmias during hemodia-
lysis is much the same as in non-dialysis
situations except that in ESRD the altered
pharmacokinetics and protein binding of
drugs should be taken into account.

Hypertensive Emergencies

Sometimes during dialysis and ultrfiltra
tion a paradoxical hypertensive response oc-
curs. This hypertensive response to hemodia-
lysismay be dueto exaggerated vasoconstric-
tor responses to fluid removal. In some pa-
tients, we have observed a dramatic rise in
plasma catecholamines in paralel with the
increment in blood pressure, and an abroga-
tion of the hypertensive response with phen-
tolamine administration. Alternatively, acti-
vation of the renin-angiotensin system as a
result of volume depletion may be contribu-
tory. However, since the paradoxical hyper-
tension has been observed both in the absence
of changes in sympathetic activity and in
anephric subjects, the above mechanisms can-
not be claimed to occur uniformly in all sub-
jects with the condition. The occurrence of
this hypertensive response to fluid removal
does not appear to be related to the dialysate
calcium level. Hypertensive patients are usu-
aly instructed to withhold their antihyperten-
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sive medications on the day of diaysis to
avoid IDH. The persistent elevation of blood
pressure at the end of dialysis may represent
a rebound of antihypertensive withdrawal
which should respond promptly to resump-
tion of medications. Under conditions when
the physician considers that such delays may
beinjuriousto the patient, immediate therapy
is in order. The real need for institution of
urgent antihypertensive therapy has to be
clearly established particularly as a delayed
hypotensive response to hemodialysis may be
observed. The simple resumption of the pa
tient’s established antihypertensive regiment
may be sufficient in the majority of cases.

Pericarditiswith
Pericardial Effusion

Pericarditis in ESRD patients can be cate-
gorized into 2 varieties, namely, uremic peri-
carditisand dialysis pericarditis [41]. Uremic
pericarditis, a manifestation of renal failure,
occursinindividua swho have never received
dialytic therapy and often responds to inten-
sivedialysis, e.g. daily 4-hour dialysisrunsfor
2—3weeks. Dialysispericarditis, on the other
hand, occurs in patients who have aready
been treated with maintenance dialysis for a
period of time. Although most authorities be-
lieve that dialysis pericarditis is a manifesta-
tion of inadequate dialytic therapy, this form
of pericarditis may not readily respond to
intensive dialysis (only about 40% of patients
respond [45]). Because of this peculiar char-
acteristic, it has been suggested that thisform
of pericarditis might be of viral origin [42].

Patients with pericarditis often present with
precordial pain, hypotension, dyspnea, fever
and rapid weight gain duetofluid overload. A
pericardial friction rub may be heard. A large
percentage of pericarditis patients may de-

velop pericardia effusion. Patients with sig-
nificant pericardia effusion tend to be intol-
erant of fluid removal by ultrafiltration, pre-
sumably because a high venous pressure is
required to maintain adequate cardiac filling
and cardiac output. When this high venous
pressure is lowered by fluid removal during
ultrefiltration, reductions in venous return,
cardiac output and blood pressure arethe con-
sequences. Should fluid removal by ultrafil-
tration be excessive for the degree of pericar-
dia effusion, cardiac tamponade charac-
terized by tachycardia, hypotension and aris-
ing venous pressure may result. Death from
cardiac tamponade is not uncommon. Note-
worthy isthefact that in many patients suffer-
ing from cardiac tamponade, a pulsus para-
doxus may not be demonstrable [43].

Since patients with pericardia effusion are
prone to develop hypotension during ultrafil-
tration, large volumes of saline are frequently
administered intravenously to combat thisun-
toward effect. As a consequence, an already
substantial state of overhydration is often ag-
gravated.

It should be noted that the amount of fluid
necessary to produce tamponade may be as
little as 250 mL when the fluid accumulates
quickly, or over 2 L in slowly developing
effusions when the pericardial sac hashad the
opportunity to stretch and adapt to theincreas-
ing volume of fluid. In addition, apericardial
effusion accumulating in apreviously healthy
distensible pericardia sac has less hemody-
namic effect than that of an effusion develop-
ing in a previously diseased, non-compliant
pericardial sac. Finaly, certain dialysis pa
tients have a small amount of fluid in their
pericardia sacs. These small effusions have
no clinical significance [44].

Diagnosis of pericardia effusion is based
on a high index of suspicion and best con-
firmed by echocardiography. Once the diag-
nosisisestablished, further dialysis should be
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performed with a heparin-free technique to
minimize the risk of developing hemoperi-
cardium. Intensive dialysis should be carried
out daily for 2 — 3 weeks, using a higher
dialysate potassium value than normal (e.g.
3.5mmol or soinstead of 2mmoal if removal of
potassium by the daily dialysisis excessive),
and a lower dialysate buffer base level than
usual (if metabolic akalosisdevelop). Should
dialysis-induced hypophosphatemia appear
likely, dialysate can be enriched prophylacti-
cally with phosphate salts.

In order to avoid the risks associated with
intensive dialysis, and since dialysis peri-
carditis with effusion responds less readily to
intensivedialysis, prompt surgical drainage of
moderately large (e.g. 250 mL) or very large
effusions has been recommended [45]. With
regard to surgical drainage, we prefer the
subxiphoid pericardiotomy approach utiliz-
ing local anesthesiaand alarge-bore drainage
tube with or without the topical instillation of
non-absorbable steroids [46]. Should local
drainage fail, pericardiectomy or pericardial
fenestration is usually required.

Pulmonary Complications

Hypoxemia
Clinical Features

Patients maintained on intermittent
hemodialysis harbor a continuously changing
acid-base internal environment. In the inter-
dialytic period, the progressive accumulation
of non-volatile acids |eads to a compensatory
hyperventilation. During dialysis, retitration
of the retained acids takes place along with a
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gain of akali and an abatement of the hyper-
ventilation, only to have the acidosis recur as
the acid burden progressively rises postdia-
lysis [47]. The intradialytic period is more
complex and involves changesin both oxygen
and carbon dioxide levels.

Hypoxemia of variable degrees and dura-
tion occursintheintradialytic period. In some
subjects it occurs early and is of short dura-
tion, while in others it may have a late onset
and be prolonged [48]. The latter pattern has
been associated with a heightened release of
tissue plasminogen activator (TPA) [48]. The
hypoxemia is especialy pronounced in pa-
tients with preexisting pulmonary abnormali-
ties in that it may persist postdiaysis. Con-
tinuous measurements of oxygen saturation
reveal adrop in saturation of 1 —4% coincid-
ing with the observed hypoxemia [49]. The
hypoxemiais usually innocuous except when
severein patients with underlying respiratory
decompensation, or in subjects with partialy
compensated i schemic heart disease who may
experience angina episodes necessitating
oxygen supplementation for prevention.
There is no relationship between dialysis-in-
duced hypoxemia and hypotension [50].

Pathophysiology

Effects of Dialysate

Most studies agree that acetate dialysis is
associated with amore severehypoxemiathan
bicarbonate dialysis or isolated ultrafiltration
[47]. Therole of dialysate composition in the
genesis of hypoxemia has been elegantly il-
|ustrated by the study of Francos et al. [51].
Patients were studied with both polyacryloni-
trile (PAN) and cuprophan membranes con-
taining different priming solutions. Despite
leukopenia and complement activation, hy-
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poxemiadid not occur during membrane con-
tact only. After 15 minutes of subsequent ace-
tate dialysis, significant hypoxemia occurred
with both membranes. Significantly less hy-
poxemiawas noted during bicarbonate dialy-
sis.

Whilethereis general agreement that carb-
on dioxide unloading isaprimary factor inthe
genesis of the hypoventilation and the associ-
ated hypoxemia, the mechanisms of carbon
dioxide unloading remain asubject of debate.
During acetate dialysis, a significant loss of
carbon dioxide and bicarbonate takes place
across the dialyzer. The resultant hypocapnia
has been assumed to give rise to hypoventila
tion and subsequent hypoxemia[52]. Another
possible cause for the hypocapnia has been
advanced by Oh et al. [53]. These authors
suggested that the loss of carbon dioxide was
too small to alter significantly carbon dioxide
balance and that greater carbon dioxide con-
sumption occurs with metabolism of the ace-
tate acquired during diaysis.

Hypoxemia has also been observed with
bicarbonate dialysis, albeit of a much milder
degree. In this setting, hypoxemia has been
related to the degree of akalization induced
by a high-bicarbonate bath [54]. By raising
the affinity of hemoglobin for oxygen, such
alkalization would reduce tissue oxygen de-
livery and thereby magnify theclinical effects
of diaysis-induced hypoxemia[55].

Effect of Membrane

If pulmonary leukosequestration plays a
role in dialysis-induced hypoxemia, then
membranes with differing complement-acti-
vating potentialsand varying ability to induce
neutropenia would be expected to cause dis-
parate degrees of hypoxemiain proportion to
their neutropenic effects. Under conditions of
acetatedialysis, however, nodifferencesinthe
degree of hypoxemia have been observed be-

tween membranes [52, 56, 57]. These obser-
vationsmay be explained by thedifferent time
course of pulmonary leukosequestration and
hypoxemia. Ross et a. [58], using indium-ra-
diolabelled leukocytes, found similar degrees
of pulmonary leuko sequestration with both
acetate and bicarbonate dialyses. However,
hypoxemia developed later in the course of
dialysisand was seen only with acetate dialy-
sis.

Taken together, these observations suggest
that the main mechanism of dialysis-induced
hypoxemiais carbon dioxide unloading with
minor contributions from other mechanisms,
and that difference between membranes are
not clinically significant.

Muscul oskeletal and Skin
Complications

Muscle Cramps
Clinical Profile

Muscle cramps represent a vexing and per-
sistent problem plaguing asignificant number
of patients maintained on hemodialysis. Such
crampsdevel op repeatedly inabout 25% of al
hemodialysis patients [59]. While benign in
its biological significance, the clinical and
emotional toll of the condition can frustrate
the most stoic of patients. Painful cramps,
usualy of the lower extremities, occur in the
second half of adialysissession and are some-
times preceded by hypotension. A delayed
courseis also observed and cramps can recur
over several hours after the end of adialysis
run. Cramps are commonly observed in the
setting of rapid ultrafiltration (even if al the

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - 1I-4 11

1.4



Chapter Il - Dialysis

excess fluid has not yet been completely re-
moved), or when a patient’s volume status
falls below the empirically determined dry
weight.

Pathophysiology

There have been very few studies examin-
ing the mechanisms underlying the appear-
ance of muscular cramps during or after
hemodialysis. Since cramps take place in a
setting of relative hypovolemiadevel oping as
aresult of the discrepancy between the mag-
nitude of the ultrafiltration and the vascular
refilling rate, arole for volume contractionin
their genesis has been entertained. This asser-
tion is supported by the common observation
that volume expansion with hypertonic solu-
tions frequently brings relief. Electromyog-
raphic measurementsin cramp-prone subjects
during dialysis demonstrated a progressive
risein tonic activity during the second half of
hemodialysis culminating in the paroxysm of
the cramp [60].

Vasoconstrictor mechanisms activated by
volume removal are plausible mediators of
reduced muscle blood flow. The success of
nifedipine in alleviating established cramps
may be considered adjunctive evidence for a
role of vasoconstrictor mechanisms [60].
Cramps, however, can continue to take place
in hemodialysis patients treated with chronic
calcium-channel blocker therapy. Piergies et
al. [61] have shown that activation of the
renin-angiotensin system has no role in the
causation of skeletal muscle cramps during
hemodialysis. The activation of the renin-
angiotensin system was not unusualy en-
hanced in patients with frequent cramps, nor
did ACE inhibition reduce the frequency or
severity of the cramps. In a follow-up study,
the same investigators suggested that cramps
were proneto develop during hemodialysisin

12

patients whose sympathetic nervous system
response to volume stress was partially intact
since a greater ratio of tilt/recumbent no-
repinephrine levels was demonstrated in pa-
tients with frequent crampsthan in those who
cramped infrequently [62]. The role for a
more marked sympathetic nervous system re-
sponse to volume stress in patients who have
cramps is supported by the observation that
small doses of prazosin given at the beginning
of adialysis session significantly reduce the
frequency of cramps when compared to ad-
ministering a placebo [63]. The use of pra
zosin, however, was associated with an in-
creasein theincidence of hypotension making
the intervention not clinically useful.

Tissue hypoxia has been suggested as a
causefor dialysis-induced cramps. Cramping,
however, is not usually afeature of extremity
ischemia and the relief of the pain with ma-
neuvers that do not alter oxygen delivery,
makes this hypothesis less likely. The obser-
vation that L-carnitine supplementation is as-
sociated with a reduced incidence of muscle
cramps has led to the formulation of the hy-
pothesis that uremic cramps may be due to
carnitine deficiency [64]. Thelatter, however,
causes myopathy rather than cramps, and
when carnitine deficiency-related cramps de-
velop, they usually take place during exercise
and not at rest. It is clear from the above that
while many of the conditions associated with
cramps are known, a definitive pathophysi-
ologic scheme relating cramping to one or
several of such conditions, is at present lack-
ing.

Management

Hypertonic Solutions

Hypertonic solutions of dextrose, mannitol,
and saline are effective treatments for hemo-
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dialysis-associated muscle cramps. The con-
cern that post-dialysis retention of mannitol
and saline may lead to increased thirst, inter-
dialytic weight pain, and elevated blood pres-
sure has not been validated. In a prospective,
randomized, double blind crossover study the
safety and efficacy of the three solutions have
been found to be equivalent [65]. Cramps can
be treated with 50 mL (126 mOsm) 50%
dextrose water, 100 mL (138 mOsm) 25%
mannitol, and 10— 15 mL (126 mOsm) 23.5%
saline. Saline solutions of lower concentra-
tions can aso be used. Mild postdiaysis hy-
perglycemia and hypernatremia during ad-
ministration of dextrose and saline, respec-
tively, are the only significant laboratory ab-
normalities observed [65].

Drug Therapy

Both quinine (325 mg orally at bedtime)
and vitamin E (400 |U orally at bedtime) are
effective in reducing the incidence and sever-
ity of leg cramps in hemodialysis patients.
The effect of these drugs is observed early
(within 2 weeks of therapy) and has been
found to be maintained in short-term studies
(up to 2 months) [66]. The two drugs have
similar efficacy, but it is not known whether
their effects are additive or whether subjects
unresponsive to one agent would respond to
the other. Quinine reduces the excitability of
the motor endplate to nerve stimulation and
enhances the muscle refractory period. The
drug is cleared primarily by the liver and
toxicities, whileserious, arevery rarewith the
usually prescribed dosages[60]. Variability in
response among patients may berelated tothe
drug’s variable bicavailability. Thereis anec-
dotal evidence that administration of chloro-
quine phosphate (a drug effective in aleviat-
ing ordinary cramps) may reduce the fre-
quency of cramps during hemodiaysis [67],

the side effects of the drug need to be consid-
ered before chronic use.

L-Carnitine Supplementation

Severa studies have suggested that correc-
tion of the carnitine deficiency of uremiamay
have a salutary effect on the muscul oskel etal
symptoms associated with hemodiaysis. A
double-blind, placebo-controlled, and ran-
domized study in alarge sample of long-term
hemodialysis patients, showed a decrease in
the incidence in intradialytic cramps with L-
carnitine supplementation given intrave-
noudly at the end of a dialysis session. This
improvement was observed in association
with a reduction in the incidence in intradia-
lytic hypotension, which frequently accompa-
nies cramping, and improvement in muscle
mass and several biochemical parameters
[64].

Modulated Dialysis

The frequent association of hypotensive
episode and the development of cramps has
encouraged the examination of the effects of
maneuvers aimed at aleviating hypotension
ontheincidence of cramps. Sodium modeling
and blood volume-controlled ultrafiltration
have reduced the incidence of hypotension
and crampsin paralel [27].

AcuteAllergic Reactions

Clinical Features

Allergic reactions occurring immediately
after the initiation of dialysis using new dia-
lyzers (also known as the ‘first-use syn-
drome’) consist of a constellation of many of
the following symptoms: burning retrosternal
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pain, burning sensation along the arterio-
venous fistula, sensation of diffuse heat, cold
perspiration, urticaria, pruritus, periorbital
and facial edema, flushing, laryngea stridor,
bronchial hypersecretion, bronchospasm,
dyspnea, hypotension, bradycardia, and loss
of consciousness. Death can occur [68].

Pathophysiology

Sterilant-related

Acute alergic reactions occurring when
new dialyzers were used, were claimed to be
due to cuprophan, but subsequently were
linked to the sterilant ethylene oxide. Such
reactions were more common with the use of
hollow-fiber dialyzers than with the use of
parallel plate and coil dialyzers[69].

Ethylene oxide (ETO) has been clearly im-
plicated in the causation of amajority of cases
of acute anaphylactic reactionsto new dialyz-
ers[70, 71]. The higher incidence of thefirst-
use syndrome in the case of hollow-fiber dia
lyzersisbelieved to berelated to the universal
presence of the polyurethane potting material
which functions as a reservoir for ETO. Re-
moval of ETO from dialyzers is directly re-
lated to the volume of rinse, the temperature
of the rinsing solution, and the duration of
storage of the dialyzers prior to use. Priming
solutionsthat have remained within the blood
compartment of a dialyzer for a substantial
length of time should be discarded and not be
given to the patient. Thisis because ETO can
diffuse from the potting material into the
priming solution to reach aninordinately high
level.

Specific ETO-related IgE antibodies are
found in patients with hypersensitivity reac-
tions to the sterilant [70, 71, 73, 74]. 1gG
antibodies, in contrast, are demonstrated in
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many hemodialysis patients who have never
suffered from any hypersensitivity reactions.
The presence of these antibodies denotes
mere exposure [72]. Both cutaneous testing
and enzyme-linked immunosorbent assay
(ELISA) testing for assessing reactivity to
ETO-human serum a bumin can becarried out
in hemodialysis patients with anaphylactic
reactions. Cutaneous testing, while clinically
simpler, offers no real advantage asthe sensi-
tivity, specificity, and negative predictive val-
ues of the 2 methods are similar [74].

Inthe majority of patientswith anaphylaxis
to didysis, ETO has been identified as the
etiologic agent. However, in asignificant mi-
nority of patients sustaining such reactions,
the responsible agent remains unidentified.
Complement activation has been proposed as
amechanismsin some of the subjects with no
identifiable antigen(s). No correlations be-
tween the time of onset of symptoms (if any
symptoms were present) and the degree of
complement activation were detected, how-
ever, among patients suffering from severe,
moderate, or no hypersensitivity reactions
[71], suggesting that complement activation
plays no role in these reactions. Moreover, as
mentioned above, hollow-fiber, parallel-plate
and coil diayzersof comparable surface areas
activate complement to asimilar extent [75].
If the complement activation wereresponsible
for the dialyzer reactions, why should only
hollow-fiber dialyzers be associated with a
high incidence of the ‘first-use syndrome’?
Anaphylaxis to formadehyde during reuse
has been reported [76]. In afew unique cases,
allergic reactions continued to occur irrespec-
tive of modifications in dialyzer choice, in
sterilization methods and in prophylactic
measures [77]. Symptoms reminiscent of the
first-usereactions have al so been encountered
during reuse. However, it has been suggested
that the development of such reactionsis not
related to the type of disinfectant product the
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reprocessing method (manual or automated),
or the type of dialysate (bicarbonate, acetate,
or both) [78]. Finally, anaphylactoid reactions
have also been reported in patients who were
dialyzed with reused dialyzers and receiving
ACE inhibitors at the same time[79].

Membrane-related

Recently, however, acute alergic reactions
have been reported when ANG9 (a type of
polyacrylonitrile membrane) dialyzers were
used in patients taking ACE inhibitors [80,
81]. There is convincing evidence that this
reaction is related to an early and vigorous
production of bradykinin induced by the con-
tact of blood (via the contact pathway) with
the negatively-charged AN69 membrane. In
the setting of using the AN69 membrane
along with an ACE inhibitor, bradykinin ac-
cumulates in the blood because ACE inhibi-
tors block the action of the enzyme kininase
[ which is responsible for the destruction of
bradykinin.

Pruritus

Clinical Features

Theincidence of pruritusishighin diaysis
patients. At present, at least 50% of patients
maintained on diaysis suffer from itching
[82, 85]. The prevaence of pruritus seemsto
risewith the duration of dialysis. Thisfinding
has led to the postul ate that either the dialytic
procedure contributes to the development of
itching, or, the longer survival made possible
by diaysisand thefailureof dialysisto correct
the uremic state fully, combineto allow pruri-
togenic mechanisms to become more mani-
fest.

Continuous monitoring studies [83] in
hemodialysis patients suffering from pruritus
reveal that itching peaks at night, occursrela
tively more often during dialysis treatment
and the | east often on the day following dialy-
sis. These observationsare consistent with the
notion that the condition is improved by di-
aysis, suggesting that the accumulation of
pruritogenic substances is of major impor-
tance in the pathogenesis of uremic pruritus.
Contrary to this postulate, there have been
reports [84] of pruritus occurring mostly dur-
ing or soon after hemodiaysis in some 25%
of patients, and becoming more severe during
dialysisin an additional 40% of subjects. This
disparity in clinical behavior highlights an
underlying heterogeneity in the clinical mani-
festations and in the pathophysiology of the
disorder.

Pathophysiology

Although subjected to intense study, the
mechanism(s) underlying pruritusin subjects
treated with renal replacement therapy contin-
ues to elude a unifying formulation. Several
mechanisms have been proposed that may be
responsible, singly or in combination, for the
development of thiscondition. Itisclear, how-
ever, from the variance in the literature that a
great deal of individual variations may be
present and that a search for major contribu-
tory factors should be individualized. While
uremic subjectsare not immuneto the myriad
of conditions that induce pruritus in the gen-
era population, the following discussion is
restricted to the pathophysiology of the itch-
ing that is peculiar to the uremic state.

Dryness or xerosis has been investigated as
apossible cause of uremic pruritus. Inxerosis,
the stratum corneum epidermidisbecomesde-
void of water. Being very dry, the most super-
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ficial layer functions like a foreign body.
Scratching removes this superficial layer and
relievesitching. Evidencefor and against this
mechanism has been advanced [82].

The observation that severe pruritus disap-
peared 2 —7 daysafter subtotal parathyroidec-
tomy in maintenance hemodialysis patients,
suggested that either parathyroid hormone
(PTH) or derangements in calcium or phos-
phate metabolism may be responsible for the
pruritus [85]. Severa lines of evidence favor
arole for PTH in the genesis of pruritusin
uremia. Patients with pruritus have signifi-
cantly higher serum concentrations of PTH
than those without [83]. Moreover, reduction
of PTH vaues by control of hyperphos-
phatemia or by charcoa hemoperfusion
brings about areduction in pruritus. It isnote-
worthy that not all uremic patients with sec-
ondary hyperparathyroidism, even when se-
vere enough to warrant subtotal parathy-
roidectomy, suffer from pruritus. Theseobser-
vations have led to the contention that addi-
tional factors may be operative in uremic
pruritus.

Histamine has been implicated to play a
major role in the pathogenesis of uremic
pruritus. Plasma histamine values are higher
in patients with CRF compared to those in
controls[86]. Since histamine and its metabo-
lites are normally excreted in the urine, the
higher concentrations of histamine may be a
consequence of its retention in rena failure.
Furthermore, plasma histamine values were,
in a few studies, shown to be significantly
higher in hemodialysis patients with pruritus
than in those without [86].

As mast cells and monocytes are known to
be the main source of histamine production,
severa studies have investigated the relation-
ship of these cells to pruritus in uremia. In
some studies, the number of mast cells was
found to be raised in patients undergoing
maintenance hemodiaysis [87]; and, in addi-

16

tion, patientswith prurituswere discovered to
have, in their skin, many, diffusely scattered
and degranulated mast cells. Consequently
the high plasmalevel of histamine might bea
result of degranulation of the mast cells and
the basophils. In contrast, Mettang et al. [88]
found no relationship between the level of
plasma histamine, the number of skin mast
cells and the extent of pruritus in uremic pa-
tients. Moreover, Cohen et a. [89] showed
that the number of mast cells wasthe samein
itching dialysis patients and in controls who
happened to be living-related kidney donors.
Francos et a. [90] demonstrated that ke-
totifen, amast cell stabilizer, was effective in
reducing itching without causing any signifi-
cant change in histamine level, histaminase
activity or skin histamine content. Such an
observation suggeststhat mast cell activation,
separate from histamine release, may contrib-
ute to the pruritus in uremia. It is clear from
thissurvey of possibleetiologiesthat aunitary
etiology or mechanism for the pruritus of
uremiais not discernible. It isvery likely that
different factors may be operative in different
subjects and while some common elements
may be evident, individualization of evalu-
ation needs to be observed.

Management

Since pruritus appears to be multifactorial
initspathogenesis, several modalitiesof treat-
ment have been suggested. In some patients,
diadysis is enough to relieve the itching; in
others, however, pruritusstartsduring dialysis
or iseven exacerbated by dialysis. Some have
suggested that pruritus may be aleviated by
animprovement inthedialysisprescription as
judged by urea kinetic modeling. Subtotal
parathyroidectomy has been found to be suc-
cessful in patients with secondary hyperpa-
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rathyroidism who suffered from pruritus.
However, this treatment is not effectivein al
cases, and not all uremic patients with secon-
dary hyperparathyroidism suffer from pruri-
tus either.

Sun exposure is known to relieve the pruri-
tus associated with several unrelated derma-
toses and sunburn doses of ultraviolet light
from artificial sourcesare effectivein treating
uremic pruritus. In an extensive literature
search focusing on the most effective treat-
ment for uremic pruritus, Tan et a. [91] found
that ultraviolet B (UVB) phototherapy is the
treatment of choice in moderate to severe
uremic pruritus. The response occurs more
rapidly in patients treated 2 — 3 times weekly
than in those treated once weekly. Recur-
rences can come about, but usually respond to
new UVB treatments. Being rare and mild,
side effects mainly consist of localized sun-
burn. The mechanism of action of UVB is
unclear. Since many patientswith generalized
pruritus respond to half body phototherapy, it
has been suggested that UV B caninactivate a
circulating pruritogenic substance or induce
the formation of an antipruritic substance that
relieves the pruritus. UVB irradiation might
inhibit mast cell granule release or might re-
lieve pruritus by damaging the cutaneous
nerves.

Severa drugs have been used in the treat-
ment of uremic pruritus, but al have met with
varying degrees of success and of failure.
Topical emollients are hydrophilic com-
pounds that hydrate the skin and form an
occlusivefilmthat reducesevaporation. These
medi cations are helpful in alleviating pruritus
caused by dryness of the stratum corneum
epidermidis. Although histamine is a major
itch mediator, use of antihistamines is not
consistently successful.

It is likely that pruritus will continue to
plague patients and their physicians, and un-

less more definitive and practical therapeutic
regimens are discovered, the management of
this condition will remain problematic.

Hemolysis

A mild degree of hemolysis manifested by
the presence of detectable free hemoglobinin
blood is commonly observed during dialysis.
This finding, however, is of minimal clinical
significance and can be attributed to avariety
of factorsincluding mechanical traumato the
red blood cells and possibly complement ac-
tivation [92]. Inherent changes in the red
blood cells of uremic subjects which are
thought to contribute to the mild chronic
hemolysis observed in uremia, may predis-
pose to this hemolysis. These inherent
changes include increased red blood cell ri-
gidity and fragility, and reduced deformabil-
ity secondary to oxidative damage [93].

Clinically significant hemolysisisobserved
with technical problemsrelated tothedialysis
procedureitself. Kinked blood lines, contami-
nation of dialysis fluid with hydrogen perox-
ide because of inadequate rinsing of the water
treatment system after disinfection, residual
formaldehyde in reused dialyzers, and acci-
dental hypochlorite infusion, have al been
reported to be associated with serious life-
threatening hemolysis. Clinically, theaffected
patients complain of malaise, nausea, head-
ache and severe abdominal pain. Death dueto
hyperka emiamay aso occur.

Bleeding during Dialysis

The bleeding tendency of uremiais consid-
ered torepresent an acquired defectin primary
hemostasis. The most common clinical mani-

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - 1I-4 17

1.4



Chapter Il - Dialysis

festations of uremic bleeding are the least
severe, and include ecchymoses, purpura,
epistaxis, gingival bleeding, and bleeding
from venipuncture sites. Mgjor hemorrhages,
fromgastrointestinal, retroperitoneal, pericar-
dia, or intracrania sites, seldom develop
spontaneously and frequently reflect underly-
ing pathology.

Pathophysiology

A multiplicity of defects may underlie this
bleeding diathesis. A precise pathogenetic
framework continuesto be elusive. While de-
fectsin blood coagulation factors, alterations
of thefibrinolytic system, and vascul ar abnor-
malities have been considered to be contribu-
tory, platelet dysfunction has been the most
consistently described hemostatic abnormal-
ity in patientswith ESRD [94]. Uremic plate-
lets exhibit reduced adhesion to vascular
subendothelium and impaired aggregation re-
sponse to various stimuli such as ADP, epi-
nephrine, collagen, and thrombin. Abnormal
platelet aggregation improves after hemodia-
lysis. Altered interaction of adhesive macro-
molecules such as fibrinogen and von Wille-
brand factor (VWf), with platelet membrane
glycoproteins have been suggested to contrib-
ute to the aggregation and adhesion defects.

Uremiaresults in a defect in platelet adhe-
sionto subendothelial structures, thuscontrib-
uting to the increased bleeding tendency. Fi-
brinogen receptor function of platelets from
chronic renal failure patients is impaired.
Hemodialysis improves fibrinogen binding
indicating removal of a uremic inhibitor by
dialysistreatment. Thedefect isreproducedin
normal platelets when they are incubated in
predialysis uremic plasma, but not with post-
dialysis plasma. CRF patients treated with
recombinant human erythropoietin  (rHu-
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EPO) for correction of anemia show amelio-
ration of platelet dysfunction [94].

M anagement

Treatment of uremic platelet dysfunction
and uremic bleeding is summarized in Table 2.
Dialysis

Both peritoneal dialysis and hemodiaysis
can lead to correction, often only partial, of
the uremic hemostatic defect. M oreover, ade-
quacy of dialysis has been suggested to be an
important factor in theimprovement in bleed-
ing tendency. Platelet fibrinogen receptor
functionisameliorated after diaysis, theame-
lioration likely to be due to the removal of a
dialyzable toxic product that accumulates in
uremia [94]. Thus, adequate diaysis treat-
ments may improve platelet aggregation and
lower bleeding tendency by removing sub-
stances that interfere with fibrinogen-platel et
binding and, therefore, platelet aggregation.
Removal of toxic products may also improve
platel et adhesion to the subendothelium. The
often partial character of the response to di-
alysisimpliesthat patientswith high bleeding
risk may require further pharmacological
therapy.

Recombinant Human Erythropoietin
(rHu-Epo)

The hemostatic defect of uremiaimproves
after treatment with rHu-EPO, which tran-
siently raises platelet counts, shortens skin
bleeding time, and improves platel et aggrega-
tion. Moreover, platel etsfrom patientsreceiv-
ing rHU-EPO therapy appear to be more acti-
vated during hemodialysis; such activation
could pose problemsin terms of dialyzer clot-
ting and arteriovenous fistula thrombosis.
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Table 2. Treatment of Uremic Platelet Dysfunction

1. RBC transfusions
Recombinant erythropoietin
2. DDAVP?
3. Cryoprecipitateb
4. Conjugated estrogens®

Keep HCT > 30%
(33 —36%)

0.3 pgm/kg LV over 15 — 30 mins (in 50 mL saline)
10 units IV q 12 — 24 hours

0.6 mg/kg IV daily for 5 days

8Useful for acute bleeding before surgery; releases FVIII/VWF from vascular endothelium; onset of action
< 1 hour, duration 4 — 8 hours; tachyphylaxis may develop after 1 — 2 doses.
bUseful for acute bleeding; risk of viral hepatitis and AIDS; rich in FVIII/VWF and fibrinogen; onset of action

1 — 4 hours, duration 24 — 36 hours.

°Not useful for acute bleeding; onset of action in 6 hours with progressive shortening of bleeding time over
next 5 — 7 days; duration of action of about 2 weeks; mechanism of action unknown.

rHu-EPO treatment augments the number of
GPlIb-Illa molecules found on the platelet
plasma membrane [94]. Administration of
rHu-EPO to uremic patients might, therefore,
have an impact on thrombopoiesisin addition
to erythropoiesis. Consequently, uremic pa
tients with a high frequency of bleeding com-
plications may benefit from appropriate rHu-
EPO therapy.

Cryoprecipitate

Cryoprecipitate shortens or normalizes
bleeding time in patients with renal failure.
The peak effect appears severa hours after
infusion and persistsfor 12 — 24 hours. Factor
Vill/von Willebrand factor  complex
(FVI/VWA) has been shown to play an im-
portant role in the pathophysiology of uremic
bleeding and it is this component of cryopre-
cipitate that is postulated to give rise to im-
proved platelet functions in uremia. The de-
layed onset of action, the short duration of
effect, and the risk of contracting infections
may limit its application.

Desmopressin (DDAV P)

The importance of FVIII/VWT for uremic
platelet dysfunction is substantiated by the
fact that 1-deamino-8-D arginine vasopressin
(DDAV P) which causes the rel ease of autolo-
gous, preformed FV I/ VW from endothelial
storage sites, is effective in the treatment of
the bleeding tendency present in patientswith
acute or chronic renal failure. Bleeding time
isimproved or normalized one hour after the
infusion while the effect of the infusion lasts
approximately 4 — 6 hours. The treatment is
very well tolerated and has been said to pre-
vent bleeding complications when given pro-
phylactically. Von Willebrand activities rise
after DDAVP therapy in the responders but
not in the non responders.

Estrogen

Estrogen therapy appears to be effective in
improving the bleeding tendency in uremia,
although the mechanism of action is unclear.
Between 2 — 5 days after beginning estrogen
therapy, bleeding time improves or normal-
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izes in patients with CRF. After discontinu-
ation of thetherapy, thebleeding timeremains
normal for 3— 10 days. Although the duration
of action compared to that of cryoprecipitate
or of DDAVP is longer, the absolute magni-
tude of the effect on bleeding time may be
less.

Seizureson Hemodialysis

The incidence of seizures in patients with
ESRD ismarkedly increased compared to that
found in the genera population [95, 96]. A
number of factors contribute to thisincreased
risk (Table 3) including the neurologic effects
of uremia, atered drug kinetics leading to
toxicity, the effects of underlying diseases,
and metabolic and hemodynamic alterations
related to uremia. Dialysis-associated sei-
zures can occur during hemodialysis or fol-
lowing its termination. Hypotension is a fre-
guent cause of seizures and should be avoided
and treated accordingly.

Uremia

The seizure activity associated with uremia
or dialysistendsto be generalized and rarely
focal [97]. Presence of focal seizure activity
often indicates localized neurologic disease
and should prompt an evaluation for presence
of intracranial hemorrhage, tumor, localized
infection, or other conditions. However, focal
seizuresmay occur with avariety of metabolic
disorders(e.g. hypoosmolality or hyperosmo-
lality, hypoglycemia) and hypertensive ence-
phal opathy in dialysis patients, in the absence
of discerniblelesions.

It is important to distinguish true seizures
from metabolic or toxic myoclonus. The gen-
eralized convulsive movements of major mo-
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Table 3. Etiology of Dialysis-associated Sei-
zures

— Uremic encephalopathy

— Dialysis disequilibrium syndrome

— Hypertensive encephalopathy

— Intracranial hemorrhage
Subdural hematoma
Intracerebral hemorrhage
Ruptured aneurysm (AV malformation in
ADPKD)

— Aluminum-related encephalopathy

— Dialysance of anticonvulsant drugs

— Anoxia/ischemia
Hypotension
Cardiac arrhythmia
Anaphylaxis

— Drugs (e.g. penicillins)

— Alcohol or drug withdrawal

— Encephalitis/meningitis

— Vasculitis

— Primary or metastatic intracranial neoplasms

— ldiopathic epilepsy

— Metabolic disorders: hyponatremia, hyper-
natremia, hypoosmolality, hyperosmolality,
hypocalcemia, hypoglycemia, hypomagnes-
mia, acid-base disturbances

— Air embolism

tor seizures (grand mal) involve large proxi-
mal muscle groups, are usually rhythmic, bi-
laterally symmetric, and associated with loss
of consciousness and post-ictal confusion. In
contrast, uremic myoclonusistypically amul-
tifocal, nonpatterned twitching of the muscle
groupsof thefaceand extremitieswithnoloss
of consciousness.

Recombinant Human Erythropoietin
(rHu-EPO)

RHu-EPO, commonly used for treatment of
renal anemia, has been reported by some to
increase the incidence of seizures. These sei-
zures are usually associated with rHu-EPO
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induced new onset hypertension or exacerba
tion of preexisting hypertension. The risk of
seizureisgreatest during thefirst few months
of therapy, when the drug dosage is usually
highest, the rise in erythrocyte massis great-
est, and platelet count is increased. It should
be noted, however, that most studies have
failed to demonstrate aconsistent relationship
between changes in blood pressure and the
rate of increase in the hematocrit during rHu-
EPO therapy. These observations, a ong with
demonstration of increased isolated vascular
smooth muscle tone in the presence of
erythropoietin in vitro, have lead to specula
tion that erythropoietin may have a direct
effect on vascular resistance and cerebral
blood flow [98, 99].

The risk of seizures during rHu-EPO ther-
apy can probably be minimized by dosing the
drug inamanner asto produce aslow, gradual
rise in hematocrit. In addition, meticulous
monitoring of blood pressure and prompt in-
itiation of adjustment of antihypertensive
therapy, when indicated, is essential [100]. It
should be noted that several recent large series
have failed to show a significant association
between rHu-EPO therapy and seizure disor-
ders[98].

Aluminum Encephal opathy

Aluminum toxicity (dialysis dementia, di-
alysis encephaopathy) may occur with the
use of auminum-contaminated dialysate or
extended use of aluminum-containing phos-
phate binders [101]. Routine treatment of
water supplies to maintain the dialysate alu-
minum concentration <10 pg/L has largely
eliminated dialysate as a source of aluminum.
Moreover, widespread use of calcium-con-
taining phosphate binders has reduced long-
term auminum accumulation. Petients with
aluminumtoxicity typically exhibit dementia,

speech disturbances, apraxia, myoclonus, fa-
cial dystonia, and sometimes seizures. In ad-
dition, other manifestations of auminum tox-
icity including erythropoietin-resistant mi-
crocytic anemia, hypoplastic bone disease,
hypercalcemia, and depressed PTH levels
may be present [101]. Although blood aumi-
num concentration is usually greater than 50
MO/L in symptomatic cases, aluminum con-
centration does not always correlate with
clinical symptoms[102].

M anagement

Dialysis should be stopped. Patency of air-
way and avoidance of aspiration are of imme-
diate concern in the management of seizures
occuring during dialysis. Hypotension should
be checked, and if present, treated promptly.
Blood lines should be checked for air embo-
lism. Supplemental oxygen administration
should be considered, especidly in patients
with underlying cardiac or pulmonary dys-
function. In patients with chronic obstructive
lung disease, high concentrations of oxygen
(> 24%) should be avoided to prevent hyper-
carbia. Blood should be sent immediately for
glucose, calcium and electrolyte determina-
tions. If hypoglycemiais suspected, dextrose
50% should be administered. If seizures per-
Sist after correction of hemodynamic and me-
tabolic abnormalities, specific anticonvul sant
therapy should be considered. Intravenous di-
azepam (5 — 10 mg) can be given every 5
minutes to amaximal dose of 30 mg to termi-
nate the seizure. Phenytoin can then be given
at aloading dose of 10 — 15 mg/kg by aslow
IV infusion (not to exceed 50 mg/min) and
with constant ECG monitoring.

When using antiepileptic drugs, knowledge
of their altered pharmacokinetics in ESRD
and their dialysance is essential. Phenytoinis
normally 90% protein bound with a volume
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of distribution (V¢) of 0.6 L/kg and ahalf-life
(t ¥ of 18 hours [103]. In ESRD, protein
binding is decreased, V4 is increased, and its
half life decreases to 8 hours. Norma thera-
peutic range of total drug is 10 — 20 mg/mL.
Normally, the unbound fractionis0.1 of total;
hence the free (unbound fraction) drug level
associated with optimal treatment is 1 — 2
po/mL. In uremia, the unbound protein frac-
tion canincreaseto 0.3 total. Consequently, in
uremia a total drug concentration of 5 — 10
pg/mL isconsidered therapeutic and thislevel
will lead to a therapeutic unbound fraction of
1—2ug/mL. Drugs known to displace pheny-
toinfrom plasmaprotein binding sitesinclude
valproic acid, non-steroidal antiinflammatory
agents (NSAIDs), and salicylic acid. Finaly,
phenytoin follows first-order kinetics. In-
creases in dosing should be small, and suffi-
cient time should be allowed to achieve anew
steady state. The atered protein binding and
shortened half-life of phenytoin necessitates
an additional adjustment in dosage schedule
in uremia, namely to give phenytoin in di-
vided dosage (TID schedule).

Prevention

To lessen the risk of seizure activity on
dialysis, particularly in predisposed patients,
the following measures should be observed:

— if a patient is known to be on anticon-

vulsant drugs, give an additional dose
postdialysisif thedrugisdialyzable. An-
ticonvulsant drugsthat are not dialyzable
include diphenylhydantoin and carbama-
zepine. Vaproic acid may be partly dia-
lyzable. Diayzabledrugsthat need supp-
lemental dose post diaysis include
phenobarbital, ethosuximide, trimetha-
dione, and paraldehyde.

— In severely hypocalcemic patients, espe-

cialy inthe presence of severe metabolic
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acidosis, consider calcium treatment
even before dialysis;

— anticipate and avoid conditions associa-
ted with dialysis disequilibrium syndro-
me (see below); and

— drugs that may have untoward CNS ef-
fects in uremia should have careful dose
adjustment. These include penicillins,
cephalosporins, nitrofurantoin, isoniazi-
de, meperidine, morphine, cimetidine,
phenothiazines, haloperidol, barbitura-
tes, benzodiazepines, antihistamines, hy-
poglycemic agents, methyldopa, B-adre-
nergic antagonists, cyproheptadine, anti-
coagulants, and neuromuscular blocking
agents.

DialysisAccidents
Erroneous Temperatures

Dialysate temperature, normally set at 37°
C, isregulated by athermostat, a component
of the dialysate temperature monitoring sys-
tem. Malfunctions of the thermostat or of the
other components of the monitoring system
canresultin abnormal dialysatetemperatures.
Although a cool diaysate (e.g. 34.5° C) has
been used to promote vasoconstriction to
maintain an adequate blood pressure during
didysis, too low a temperature can bring
about shivering and increased secretion of
catecholamines.

High dialysate temperatures|ead to cutane-
ous vasodilatation, sweating, and a sensation
of warmth. For the conscious patient, over-
heating is often detected before a dangerous
elevation in body temperature makes its ap-
pearance. If dialysate temperature is allowed
to riseto 55° C or higher, massive hemolysis
with resultant hyperkalemia [104] and deeath
can take place. Delayed hemolysis has been
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observed with intermediate temperatures.
This delay is related to splenic trapping and
peripheral destruction of the damaged eryth-
rocytes.

Treatment for hemolysisrequirestheimme-
diate cessation of dialysis, the discard of
blood present in the extracorporeal circuit and
the transfusion of blood in case anemia is
severe. Hyperkalemiashould betreated by the
usual means, not the least of which is another
dialysistreatment using functional equipment
and potassium-poor or potassium-free dia
lysate.

Air Embolism

Air embolism isone of the dreaded compli-
cations of hemodialysis and the extracor-
poreal system is designed with redundant
safeguardsto avoid itsoccurrence. Itisimpor-
tant, however, to maintain vigilance ashuman
and technical failures are always possible. It
can occur either asaresult of themanipulation
of the extracorporeal circuit, or as a compli-
cation of atemporary vascular access place-
ment procedure. Venous air embolism, how-
ever, remainsan infrequent complication. The
cardiovascular, pulmonary, and central nerv-
ous systemsmay all be affected, with severity
ranging from absence of symptoms to imme-
diate cardiovascular collapse. Symptoms and
signs attributable to air embolism can take
place with small volumes of air entering the
patient’s circulation. While it is difficult to
quantitate the amount of air in clinical set-
tings, experimental studies suggest that the
introduction of 1 mL/kg may be fatal.

The manifestations of air embolism depend
on the posture of the patient and the flow of
air obeys the law of gravity. In the sitting
position, air will flow along the venous sys-
tem to reach the central circulation and then
will backflow into the cerebral venous sys-

tem. The patient will transiently be aware of
thesound of theair in hisvesselsand then will
lose consciousness and develop seizures. In
recumbent patients, air will reach the right
atrium and the right ventricle, with the devel-
oping air-blood foam occluding theright ven-
tricular outflow tract and the pulmonary vas-
cular bed. Chest pain and shortness of breath
appear, followed by cardiovascular collapse.

Venous air embolism can occur during the
insertion, the disconnection or the removal of
acentral venous catheter [105]. Air emboliza-
tion through aresidual track after removal of
a central venous catheter, particularly after
long-term catheterization or repeated use of
the same puncture site, is an elusive mecha-
nism that while rare, can be recognized only
if searched for carefully.

Venous air embolism induces rapid
hemodynamic changes, most notably a sharp
increase in central venous pressure. In addi-
tion to the obstructive element, pulmonary
vasoconstriction modulated by the action of
the platel et activating factor, also takes place.
Pulmonary edemacan set in. Entry of air into
the pulmonary arteria tree causes physica
obstruction of the microvasculature and leads
to permeability changes, rel ease of mediators,
and injury to lung tissues. In addition to its
hemodynamic consequences, air in the circu-
lating blood activates complement in a dose-
dependent fashion [106].

Air in blood vessels can be visualized by
real time ultrasonography and air volume,
estimated by a doppler [107]. Therapeutic
interventions include mechanical measures,
such as positioning, withdrawal of air from
theright atrium, and means aimed at reducing
bubble size. Speed in therapy isessential. The
blood lines should be clamped and the patient
rapidly positioned in the Trendelenburg posi-
tion with the left side down. This posture
reduces the movement of air to the brain and
trapstheair bubblesintheright ventricle. This
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air trapping minimizes foaming which ordi-
narily takes place also mainly in the right
ventricle. In this position, air may even mi-
grate to the periphery; such air migration can
be detected by the development of patchy
cyanosis over the lower extremities. While
migration of the air may affect distal sites, it
is clearly less catastrophic than having air in
the central circulation or in the cerebral ves-
sels.

Hyperbaric oxygen therapy holds some
promise in accomplishing reduction of air
bubble size [108]. Even &fter a prolonged
delay, patients with cerebral air embolism
may still benefit from hyperbaric oxygenther-
apy. Even normobaric oxygen may be useful,
particularly if mechanical ventilation is em-
ployed. Experimental studies suggest that the
removal rate of air from cerebral vessels is
dramatically enhanced by mechanical ventila-
tion at partial pressure of oxygen (FOo) of 1.0
[108]. The prompt application of mechanical
ventilation with an KOz of 1.0 is recom-
mended when air embolism is suspected par-
ticularly in centerswherefacilitiesfor admin-
istering hyperbaric oxygen therapy are not
available.

While prevention and early diagnosis rep-
resent the cornerstones of management, de-
finitive therapy of a massive air embolus may
require aspiration of the air through an appro-
priately located multi-orifice catheter.
Throughout management, the patient should
be moved aslittle as possible.

Dialyzer Rupture or Clotting

Dialyzer ruptureisarare event in hemodia
lysis. Itisusually detected by an alarm which
is triggered by the presence of very low con-
centrationsof bloodinthediaysate. A variety
of factors predisposes to this complication;
such factors include faulty construction, high
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venous pressures secondary to clotting or
kinking of blood lines, and improper priming.
While most ruptures result in the loss of only
a small amount of blood and may seal spon-
taneously, the potential for massive blood loss
requiresthat immediate remedial measuresbe
taken. Septicemia is also a risk. The blood
lines should be clamped, the patient discon-
nected from the extracorporeal circuit and the
|atter completely changed. Moreover, thedia-
lysate circuit and the blood |eak detector will
need to be cleaned.

Dialyzer clotting is a more common event
and is usually due to inadequate hepariniza-
tion. This, however, cannot be the sole cause
as hemodialysis without anticoagulation is
readily performed with either intermittent or
continuous saline rinsing. Additiona factors
include a high venous pressure, a low blood
flow, alarge amount of air in the drip cham-
bersorinthediayzer headersbecause of poor
attention to proper rinsing procedures prior to
starting dialysis. Furthermore, rapid connec-
tion of the patient to the extracorporeal circuit
immediately after heparin administration
without allowing for systemic anticoagul ation
to begin taking effect may be contributory.

Dialysis Disequilibrium
Clinical Features

Thisdiaysis-induced syndrome consists of
a congtellation of manifestations including
mental confusion or agitation, nausea, vomit-
ing, headache, drowsiness, lassitude, confu-
sion, muscletwitching, delirium, seizuresand
coma. |n severe cases, thereisanrisein blood
pressure, pulse rate and respiratory rate. Oc-
casionally, death can occur [109, 11Q]. In
addition, characteristic electroencephal o-
graphic (EEG) abnormalities in the form of
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high-voltage rhythmic delta waves are com-
monly encountered.

The syndrome is more likely to develop
when theinitial plasmaurealevel ismarkedly
elevated and correction of the azotemia is
rapid. Therefore, the syndromeisencountered
mostly in the early stages of dialysis therapy
when plasma urea level often is highest, but
may recur even after many months of dialysis
should the patient raise hisproteinintake. The
syndromeisfrequently seen toward the end of
adialysissessionand usually transient, lasting
for 24 hours after the termination of dialysis.
A predisposing factor for the development of
the syndrome is a preexisting neurologic dis-
order [109].

Pathophysiology

The exact pathogenetic mechanism for the
dialysis disequilibrium syndrome is not fully
understood at present. What is known for cer-
tainisthat there is evidence of cerebral swel-
ling. Thereare several theories concerning the
pathogenesis of the dialysis disequilibrium
syndrome, themost popular being the‘reverse
ureaeffect’ theory. In thistheory, theintracel-
lular water gain is believed to be aresult of a
dialysis-induced lowering of the plasma urea
level in the presence of alesser fal in intra-
cellular urea concentration [109, 110]. This
urea gradient implies the slower passage of
urea out of brain tissue and the consequent
transfer of water from the blood to the brain.
Furthermore, the suppression of dialysis-in-
duced EEG abnormalities by the use of a
urea-enriched dialysate adds weight to the
‘reverse urea effect’ contention. In a similar
vein, clinical manifestations associated with
the dialysis disequilibrium syndrome can be
ameliorated by maintaining plasma osmolal-
ity with the use of a high-sodium diaysate
[111]. Recently, the concept of the ‘reverse

urea effect’ has received additional support
fromthefinding of an elevationin brain water
and arisein the brain-to-plasma urearatio in
azotemic rats subjected to acute hemodialysis
treatments [112].

Management

The syndromeisrarely seen when amoder-
ately elevated plasmaureanitrogen level (e.g.
29mmol (80 mg/dL)) is lowered by conven-
tional or high-efficiency dialysis (e.g. to
15mmol (40 mg/dL)). Moreover, it is best to
initiate dialysis long before azotemia be-
comes extreme and with current recommen-
dations for initiation of dialysis at residual
renal function levels of 10 — 15 mL/min of
GFR, the syndrome should becomeararity. In
the event that dialysisisrequired in a patient
with an extremely raised plasmaureanitrogen
value, an inefficient dialysis treatment can be
delivered by shortening the duration of a di-
alysis run to 25 — 40% of the normal, by
lowering dialyzer blood or didysate flow
rates, or by using a less efficient dialyzer. If
no untoward effects appear, the efficacy of the
subsequent daily dialysis treatments can be
lengthened in a step-wise manner over the
next several days until regular dialysis treat-
ments can be safely delivered.

Prophylactic administration of osmotic
agents such as glucose, mannitol, urea and
sodium chloride either IV or viathe dialysate
route, with the aim of reducing the incidence
of the dialysis disequilibrium syndrome has
been recommended [111]. However, since
modern dialysis machines can raise dialysate
sodium levels readily, use of a high sodium
dialysate may be the most convenient ap-
proach. Once the dysequilibrium syndrome
sets in, treatment will be symptomatic. Sei-
zures can be treated with intravenous diaze-
pam, with effects lasting 30 — 60 minutes.
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When compared to barbiturates, diazepam
causes less respiratory depression. Short-act-
ing barbiturates can also be given but are more
dangerous since they can cause more respira
tory depression. It should be noted that even
though diazepam and some related drugs are
metabolized by the liver, great care should be
exercised intheir use since many renal failure
patients cannot tol erate the dosages ordinarily
recommended for patients with normal liver
and renal functions.

Electrolyte Abnormalities
Metabolic Alkalosis

Metabolic akalosis as a consequence of
intensive dialysis (e.g. daily dialysis) using a
dialysate with ahigh level of buffer base (e.g.
40mmol), is rarely described. What is more
often encountered, however, is metabolic al-
kalosis developing as a complication of
hemodialysis employing sodium citrate as a
means of regional anticoagulation [113]. The
infused citrate is converted into bicarbonate
by the body. In some regional anticoagulation
regimens, citrate concentrations of 7mmol
have been found in afferent blood, resultingin
severe metabolic alkalosis. Prevention re-
quires employing as small an amount of cit-
rate as possible. Should reduction in citrate
administration be impossible, the level of
buffer base in the dialysate can be curtailed.
Severe metabolic alkalosis can be treated, if
desired, by hemodialysis using a low buffer-
base and high chloride dialysate.

Metabolic Acidosis

Metabolic acidosis can develop if the deliv-
ery of buffer base to the diaysate in the form
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of sodium acetate or sodium bicarbonate is
defective [114, 115]. For instance, the single
‘acetate concentrate’ meant for dilution with
water to form an acetate-based dialysate can
be accidentally replaced by the ‘acid concen-
trate’ component of a two-component, bicar-
bonate-based dialysate generating system.
This can occur in units that continue to prac-
tice both types of buffer delivery. This ‘acid
concentrate’ contains sodium, potassium, cal-
cium, magnesium, chloride, glucose and ace-
tic acid. Since this concentrate is devoid of
buffer base, its use would bring about meta-
bolic acidosis as a result of the removal of
bicarbonate from the blood by dialysis. An-
other way for metabolic acidosis to set in
during dialysisinvolvesthe faulty delivery of
a buffer base-containing concentrate. For ex-
ample, the tube responsible for the siphoning
off of a‘bicarbonate concentrate’ can be dam-
aged[115]. A third way for metabolicacidosis
to develop centers on the presence, in the
dialysate, of too much water in relation to the
available buffer base (an example of dilution
acidosis). Treatment of the acidosiscomprises
the administration of sodium bicarbonate, or
of aproperly performed acetate- or bicarbon-
ate-based dialysis session using appropriate
and functional equipment.

Hyponatremia

Inadvertent use of a markedly hyponatric
diaysate during dialysis can occur if conduc-
tivity limits of the dialysis machine are not
adjusted appropriately such that abnormal
proportioning among concentrate(s) and
product water are left undetected. Use of such
hyponatric dialysatescan bring about hypona-
tremia as a result of the removal of sodium
from, and the introduction of water into, the
body. The resultant plasma hypoosmolality
causes water to enter the intracellular space
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leading to water intoxication, cerebral edema
and hemolysis. Clinical manifestations in-
clude abdominal pain, diarrhea, leg cramps,
hypertension, Kussmaul breathing, apprehen-
sion, coma, and other neurological distur-
bances. Hyperkalemia can occur because of
the hypoosmolality-induced hemolysis while
metabolic acidosis can take place because of
dilution of plasma bicarbonate by diaysate
water and loss of plasma bicarbonate into the
dialysate. Treatment consists of cessation of
the current dialysis run, initiation of another
dialysistreatment using sound equipment and
proper dialysate. Since the onset of the hy-
ponatremia is abrupt, rapid correction of the
hyponatremia with hypertonic saline infu-
sion, isjustified in order to reduce the degree
of cerebral edema[116]. However, serum so-
dium level should not be brought back to a
level higher than 120 — 125mmol or so in-
itially. Blood transfusion should be given if
the anemia is severe. Prevention of dialysis-
associated hyponatremia depends on meticu-
lous attention to details in the preparation of
dialysate and the frequent monitoring of dia
lysate conductivity value.

Hypernatremia

Dialysate sodium concentrations can be ab-
normally raised as a consequence of technical
failures in water or concentrate pumps or if
the conductivity sensors are defective. The
hypernatremia can abstract water into the ex-
tracellular space from the intracellular com-
partment causing cellular (including cerebral)
dehydration. In those situations in which a
hypernatric dialysate is used, extracellular
fluid volume may not be elevated because
water is aso being lost to the dialysate. CNS
manifestations such as headache, disorienta-
tion, seizures, spasticity and coma are fre-
quently encountered. Other symptoms in-

clude nausea, vomiting, hot flushes, weak-
ness, and profound thirst. Death can result.

Treatment consists of discontinuation of the
current dialysis session, drinking of water, 1V
administration of 5% glucose water, and di-
alysiswith a dialysate containing appropriate
levels of sodium. The rate of fall of plasma
sodium permitted should be guided by the
genera guidelines for the treatment of acute
hypernatremia

Hypokalemia

Renal failure patients who are dialyzed
against avery low-potassium or a potassium-
free dialysate can develop hypokaemia and
intracellular potassium depletion due to loss
of potassium into the dialysate [117]. This
complication can take place even in the pa-
tient with predialysis hyperkalemia. Patients
who are hypokalemic areat risk of developing
cardiac arrhythmias, including premature
ventricular contractions (PVC) and ventricu-
lar fibrillation. In addition, hypotension, fa-
tigue, muscular weakness and paralysis can
occur.

Acute lowering of serum potassium engen-
ders a high ratio between intracellular and
extracellular fluid potassium concentration,
resultinginamore negative resting membrane
potential and, hence, a hyperpolarization
block. Coronary artery disease, hypertensive
cardiovascular disease, digitalis therapy, hy-
percal cemia, hypomagnesemiaand metabolic
alkalosis predispose to this hypokalemia-in-
duced cardiac arrhythmia. Patients entering
didysis with a history suggestive of pro-
longed potassium loss, marked metabolic aci-
dosis, moderate hypokalemia or normoka-
lemiaareespecially vulnerableto thiscompli-
cation.

Intensive dialysisin an average dialysis pa-
tient without severe metabolic acidosis can
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bring about a metabolic alkalosis with resul-
tant hypokalemia even if anormal potassium
dialysate is used. In such patients, the dia
lysate buffer base level should be lowered
appropriately. Proper attention to didysate
potassium levels will prevent many of these
complications.

In patientsproneto have dialysis-associated
cardiac arrhythmias, special precautions are
necessary. Raising dialysate potassum re-
duces the frequency of arrhythmias in those
patientswho suffered from arrhythmiaswhile
being dialyzed with low potassium dialysate.
Thisreduction, however, resultsin higher pre-
dialysis serum potassium value of the suc-
ceeding dialysis treatment.

Hyperkalemia

Hyperkalemiaoccurscommonly indialysis
patientswith dietary indiscretion. Dialysis-in-
duced hyperkalemia occurs with hemolysis.
Intradialytic hemolysis has been reported fol -
lowing accidental exposure to overheated or
hypotonic dialysate, chloramine, formalde-
hyde, nitrate, copper, and sodium hypo-
chlorite. Another rare cause for the develop-
ment of hyperkalemia is diaysis with fluo-
ride-contaminated dialysate [118]. latrogenic
hyperkalemia could occur if a dialysate with
an inordinately high potassium level werein-
advertently used.

Hypophosphatemia

Hyperphosphatemia is aimost a universal
finding in ESRD patients because of theinter-
mittent nature of phosphate removal during
hemodialysis. Dialysis-induced hypophos-
phatemia develops under unusua situations
such as.
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— intensive (e.g. daily) dialysisfor patients
suffering from dialysis pericarditis;

— thrice weekly regular dialysis treatments
in patientswith poor dietary intake either
because of intercurrent illness or failure
to thrive. Diaysis-induced hypophos-
phatemiacan also be seenin patientswith
normal rena function who are diayzed
because of intoxications with poisons
such as lithium. Therapy of such intoxi-
cations often focuses on prolonged and
repeated dialysis treatments. Hypophos-
phatemia may develop in these patients
because of the removal, by diaysis, of
phosphorus from their bodies whose
phosphorus contents are not elevated to
start with on account of the presence of
normal renal function.

Hypophosphatemia causes dysfunction of
erythrocytes, leukocytes, platelets, the CNS,
skeletal and cardiac muscles as well as the
skeleton. However, hypophosphatemic mani-
festationsare usually mild unless serum phos-
phorus level falls below 0.33mmol (1.0
mg/dL). Treatment of hypophosphatemia
centers on the ingestion of phosphorus-rich
food (such as skim milk) and of phosphorus
salts (such as sodium or potassium phos-
phate), and, in severe cases, thelV administra-
tion of sodium or potassium phosphate. Di-
alysis-related hypophosphatemia can be pre-
vented by the use of a phosphorus-enriched
diadysate.

Hypercalcemia and
Hypermagnesemia

Dialysis against a conventiona 1.32mmol
calcium dialysate can raise plasma calcium
concentrations of dialysis patientsfrom apre-
dialysis vaue of 2.28mmol to apost-dialysis
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level of 2.45mmol [119]. This dialysis-in-
duced hypercalcemia is partly due to an in-
crease in plasma protein concentrations
brought about by the loss of a protein-free
fluid from plasmaas aresult of ultrafiltration.
Therise in plasma protein level is accompa-
nied by a corresponding increase in the pro-
tein-bound fraction of plasma calcium [120].
In addition, the small intradialytic gain of
calcium by the body from the dialysate also
contributesto the hypercalcemia. Dialysis-in-
duced hypercal cemiaistransient in natureand
does not lead to symptoms. No treatment is
required.

In the recent past when aluminum-contain-
ing phosphate binders were used, a dialysate
calcium level of 1.75mmol was the standard
diaysate calcium concentration used in most
dialysis centers. With the replacement of alu-
minum hydroxide by calcium salts (such as
calcium acetate or carbonate) as phosphorus-
binders and the widespread use of calcitriol
and related compounds to combat renal
osteodystrophy, hypercalcemiais not uncom-
monly encountered if a dialysate calcium
level of 1.75mmol is used [121]. Because of
the above reasons, diaysate calcium level is
nowadays often lowered to 1.0 —1.25mmol to
discourage the development of hypercal-
cemia.

Treatment for this type of hypercalcemia
consists of ingesting calcium-containing
phosphorus binders only during meals so that
the calcium administered will combine with
the phosphorus present in food to form insol-
uble cal cium phosphates. In addition, vitamin
D therapy should be discontinued. Aluminum
toxicity, if present, should be promptly
treated. A dialysate containing an appropri-
ately low level of calcium should be em-
ployed. If the use of alow dialysate calcium
is unsuccessful, alternate methods are avail-
able. Pamidronate, a drug that reduces osteo-
clast-induced resorption of bone and curtails

transformation of osteoclast precursors into
mature osteoclasts, has been used success
fully to control the present variety of hyper-
calcemia[122].

In many parts of the world, water intended
for consumption often has very high concen-
trations of calcium and magnesium [123].
Specifically, thelevelsof calcium and magne-
sium in such water have been found to reach
values as high as 2.0 and 0.95mmol respec-
tively [123]. Should the means of purification
of such water (e.g. water softener or deion-
izer) for the purpose of dialysis be faulty, a
patient could be exposed to inordinately ele-
vated dialysate levels of the divalent cations,
resulting in what is known as the * hard-water
syndrome”.

Patients suffering from the “hard-water
syndrome” often complain of nausea, vomit-
ing, general malaise, somnolence, weakness,
sweating, warm skin sensation, abdominal
pain, tachycardia, hypertension or hypoten-
sion. In addition, neurological manifestations
in the form of headaches, dysarthria, seizures
and myoclonic jerks are common. Mental ab-
normalities such as hallucinations, confusion,
memory loss and judgment defects can occur.

Treatment for hypercalcemia or hypermag-
nesemia as a consequence of the inadvertent
use of high-calcium and/or high-magnesium
didysate centers on the use of a dialysate
containing appropriate amounts of the diva-
lent cations.

Contamination of Dialysate Water
Fluoride

Dialysis patients are particularly suscepti-
ble to fluoride intoxication due to their re-
peated exposures to the large volumes of
water in the course of dialysis (120 L per

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - Il-4 29

1.4



Chapter Il - Dialysis

dialysis session; 19,000 L per year of mainte-
nance hemodialysis) and to their lack of the
usual renal route of fluoride excretion. Since
fluoride has a molecular weight of only 19
daltons, itisreadily transferableinto theblood
from the dialysate. Although municipa water
generally contains in the realm of 53 micro-
molar fluoride, product water used for prepar-
ing dialysate should have afluoridelevel less
than 11 uM (i.e. <0.2 partsper million (ppm))
[124]. In general, properly reverse osmosis-
treated and deionized water can more than
meet thisrequirement. Faulty reverse osmosis
and deionization systems can result in con-
tamination of product water by fluoride[124].
Continued use of the exhausted resinsto treat
municipal water causes low-affinity anions,
such as fluoride, already bound to the resins,
to be displaced into the effluent by higher-af-
finity anions, such asnitrate, sulfate, and chlo-
ride. As a consequence, a patient can be ex-
posed to a dialysate fluoride level as high as
1,000 uM [118]. Finally, a rare cause for a
high level of fluoridein dialysate is the acci-
dental gross contamination of municipal
water with fluoride-containing compounds
while reverse osmosis and de-ionization
equipment is not being utilized [125].

The toxicity of fluoride is related to its
ability to oxidize other chemicalsand to com-
bine with organic compounds, resulting in a
direct interference with various cellular meta-
bolic processes. In addition, fluoride, being
the most electronegative element, can readily
bring down the serum levels of calcium and
magnesium because of its tight binding with
these cations.

Because a period of fluoride accumulation
is necessary to incite patient responses, the
onset of clinical manifestations can be antici-
pated to take place late into, or soon after
dialysis[118]. Many patients in the same di-
alysis unit (if they share the same source of
product water) arelikely to demonstrate simi-
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lar signs and symptoms at approximately the
same time [118]. Early symptoms include
nausea, vomiting, pruritus, burning or fever-
ish feeling, headache, syncope, back or ab-
dominal pain, diarrhea, chest pressureor pain,
cardiac irritability and bradycardia. Later on,
binding of blood calcium by fluoride can
bring about generalized muscle twitching,
tetany, petechiae and bleeding from vascular
access puncture sites. Still later, respiratory
failure, hypotension, seizure, coma, cardiac
arrest, and death can occur [125]. Treatment
of acute fluoride poisoning entails the imme-
diate cessation of thecurrent dialysis; intrave-
nous administration of calcium salts, sodium
bicarbonate, glucose and insulin (for thether-
apy of hyperkalemia, acidosis and hypocal-
cemiaif these abnormalities are present); and
prompt dialysis using a bicarbonate-based,
zero to normal potassium and fluoride-unde-
tectable dialysate. Multiple or prolonged di-
aysis treatments may be required to remove
adequate amounts of fluoride from the body.
Should hemodialysisusing fluoride-undetect-
able dialysate be unavailable, peritoneal di-
alysisshould beinstituted. Prevention of fluo-
ridetoxicity involvesthe meticulous purifica:
tion of product water, frequent measurement
of the fluoride concentration in product water
and the ensuring of proper functioning of the
reverse osmosis and the de-ionization sys-
tems.

M ethemoglobinemia

When the ferrousion that is attached to the
heme of hemoglobin is oxidized to the ferric
form by an oxidizing agent, a derivative of
hemogl obin known asmethemoglobin, ispro-
duced. Methemoglobin is without function
because its heme molecule cannot bind oxy-
gen. Dialysis-associated methemoglobinemia
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can occur as aresult of exposure to oxidizing
agents such as:

Nitrate

Patients who are dialyzed with nitrate-rich
well water can develop methemoglobinemia
[126]. Wells that are poorly constructed or
poorly located may have a high level of ni-
tratesin their water due to seepage of wastes.
Prevention of the present methemoglo-
binemia depends on the remova of nitrites
from product water by means of a de-ionizer.
When the methemoglobinemia is mild, no
treatment is necessary since the methemoglo-
bin will be spontaneously reduced to hemo-
globin by the body over 2 — 3 days. For
severely affected patients, | —2 mg/kg of a1%
solution of methylene bluein salineisadmin-
istered IV over 10 minutes. A second dose can
be repeated in an hour if needed.

Chloramine

Chlorine is often used as a disinfectant for
municipal water supplies. However, chlor-
amines, compounds composed of chlorine
and ammonia, are increasingly considered to
be environmentally safer alternativesto chlo-
rine for disinfecting water supplies [127].
This is because chloramines are less volatile
and have aless objectionable smell and taste
than chlorine. Furthermore, unlike chlorine
chloraminesdo not react with naturally occur-
ring organic compounds to form chloroform.
For the purpose of dialysis, municipa water
treated with chloraminesis ordinarily purged
of these disinfectants by passage through
charcod filters (also known as carbon filters)
containing granular activated carbon particles
[128].

In case the delivery of municipal water to a
charcod filter is excessive in relation to the
capacity of the filter to remove chloramines,
that particular filter can become prematurely

exhausted and allow chloraminesto enter and
contaminate the product water. Drought con-
ditions require the use of larger amounts of
chloramines because drought-induced stag-
nation of water encourages bacteria and fun-
gal growth. The greater quantity of chlorami-
nes added may tax the capacity of existing
filters to remove these disinfectants.

According to Association for the Advance-
ment of Medical Instrumentation (AAMI)
standards, product water geared for dialysis
should not have a chloramine level higher
than 0.1 mg/L (0.1 ppm) [129]. High blood
levels of chloramines can oxidize the hemo-
globin in the blood to form methemoglobin
and Heinz bodies, thelatter beingintracel lular
precipitates of denatured hemoglobin. Red
cells exposed to chloramines are very suscep-
tible to hemolysis and a hemolytic anemiais
readily encountered.

The hemolytic anemia due to exposure to
chloramines can be severe enough to warrant
blood transfusion. Prevention consistsof rout-
ing municipal water through appropriate char-
coal filters [129], with the realization that
chloramines are not removed by reverse os-
mosis. The American Food and Drug Admini-
stration (FDA) recommends that 2 charcoal
filters be used in series for a water treatment
system. A systemic plan for replacing the
filters as they become exhausted should be
established. Exhausted charcoal filters should
be replaced with fresh ones, and should not be
rejuvenated by backwashing. Although back-
washing may loosen the packed carbon parti-
cles and restore surface area, it does not re-
movepreviously aggregated material fromthe
charcoal and, therefore, does not regenerate
thefilter [127]. In order to ensure the absence
of chloramines, product water should be
tested for the chemicals at |east once per pa-
tient shift to ensure patient safety [129].

Addition of vitamin C, areducing agent, to
adialysate at a concentration of 17 —34 mg/L
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has al so been found to be effectivein convert-
ing dialysate chloraminesto the relatively in-
nocuous ammonium chloride, whether the
batch method or the proportioning method of
producing dialysateisused [130]. It should be
emphasized that patients who are diayzed
with vitamin C-enriched dialysate should not
take ora vitamin C supplements. This ap-
proach of enriching dialysate with vitamin C
will only result in serum level sapproximating
those seen in maintenance dialysis patients
teking standard oral vitamin supplements.
Some centersemploy both charcodl filtersand
vitamin C enrichment at the same time.

Miscellaneous Complications

Febrile Episodes and Endotoxin

Pyrogenic episodes associated directly with
hemodialysis treatments are infrequent [131]
and their presence should always dlicit a
search for underlying bacteria infections
[132]. Occasionally, clustering of febrile epi-
sodes, particularly after any mechanica work
on the water supply system, raises the possi-
bility of contamination. Bicarbonate dialysate
concentrates can support bacterial growth
with endotoxin production. Endotoxins or
bacteria may cross or interact at the mem-
branes of high-flux dialyzers, triggering the
release of endogenous pyrogens (e.g. certain
cytokines) by peripheral blood mononuclear
cells to cause pyrogenic reactions. Pyrogenic
reactions occur at a rate of 0.7 reaction per
1,000 hemodialysistreatments[133]. Thisin-
cidenceisnot different between conventional,
and high-flux or high-efficiency modalities of
dialysis[133].

Pyrogenic reactions occurring in clusters
are more frequently reported in centers that
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reuse conventional dialyzer membranes com-
pared to centers that do not [134 — 136]. Use
of dialyzerswith detachable componentssuch
as headers has been associated with an in-
creased incidence of infections (e.g. ‘header
sepsis’) with avariety of organismsincluding
Xanthomonas, and other slow-growing or-
ganisms, a problem that can be solved with
proper disinfections of the O rings and other
components of the header [137, 138]. Im-
proper preparation of the disinfectant hasalso
been associated with clustersof infectionwith
Pseudomonas species [139]. Nontuberculous
mycobacteria are ubiquitous in municipal
water and outbreaks of infection with these
organisms during reuse have been reported.
Because of the organisms’ greater germicide
resistance compared to that of most other
naturally occurring water bacteria, attention
to the quality and concentration of disinfec-
tantsis mandatory.

The minimal dose of endotoxin necessary
to induce fever in man (5 ng/kg; 1 ng corre-
sponds to 10 endotoxin units) can be readily
achieved in some contaminated diaysates.
Levels > 100 EU/mL have been found in up
to 10% of German dialysis units surveyed
[140].

Endotoxin transfer may contributeto cytok-
ine induction. While the clinical significance
of the latter phenomenon remains unknown,
the use of ultrapure water has been reported
toresultin areductioninthe prevalence of the
carpal tunnel syndrome [141]. In examining
for endotoxemia in diaysis patients, care
should be taken to use the proper test. The
limulus amebocyte lysate-reactive material
(LAL-RM) is cellulose-derived and cross-re-
actswith LAL viafactor G. Using the conven-
tional chromogenic limulus test, al patients
treated with regenerated cellulose diayzers
will show elevated values. In this setting, a
specific endotoxin assay with factor G-free
LAL should be used.
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Dialysis-Associated Catabolism

Hemodialysis is considered to be a cata-
bolic event, increasing urea generation rate
during dialysis and leading to a negative ni-
trogen balance. A major contributory factor to
this event is the loss of amino acids during
dialysisranging between 6 — 13 g per dialysis
session. Thislossin amino acids viathe dia-
lysate leads to adeclinein arterial amino acid
concentrations and a concomitant rise in ef-
flux of amino acidsfrom tissue, mainly skele-
tal muscle. This phenomenon does not appear
to be related to the presence or absence of
glucose in the dialysate (or conversely the
gain or loss of glucose) [142]. This effect
appears to be didyzer membrane-dependent,
being greater with high-flux membranes, and
still greater with thereuse of such membranes.
Reuse of high-flux dialyzer membranes aso
appears to augment albumin losses during
dialysis. After the 20th reuse, theloss of albu-
min can reach 10 g per session [143].
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