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Abstract.Hypertonic and hyperoncotic solutions are generalfy = iv), SBP decreased with saline, increased with albumin,
used as acute treatment for symptomatic hypotension duriemgd increased significantly with HES. The change in SBP in
dialysis. Administration of hydroxyethylstarch (HES) was ret = end versus t= iv was significantly greater when using
cently shown to be an effective substitution fluid in preservingaline compared with HES, and tended to decrease more when
blood volume (BV) and systolic BP (SBP) in a group of stablasing saline compared with albumi®® (= 0.09). Between
dialysis patients during dialysis. In this study, in nine cardia@bumin and HES there were no significant differences. BV
compromised dialysis patients with frequent symptomatic hgecreased significantly & end)versushaselinet{= 0) during
potensive episodes, the efficacy of three fluids (hypertonidtrafiltration and hemodialysis in all three treatment sessions.
saline [3%], albumin [20%], and HES [10%]) was assessddhe decrease was significantly higher when using saline com-
during three treatment sessions with combined ultrafiltratigrared with albumin and saline compared with HES. Between
and hemodialysis, which only differed in the type of fluidalbumin and HES there were no significant differences. When
administered intravenously. Changes in SBP and relative Bhe values at = end were compared with thosetat iv, BV
were compared. Fluids were given when SBP was less thdgcreased, although not significantly, with saline and albumin,
100 mmHg or when the decrease in SBP was more than 2% remained unchanged with HES. It is concluded that HES is
mmHgversusthe start of the treatment. The ultrafiltration wasn effective fluid in maintaining SBP and preserving BV in
continued at the same rate. When comparing SBP at the endhgbotensive-prone dialysis patients, comparable to albumin but
the dialysis sessiort & end) with that at the time of infusion superior to hypertonic saline.

Despite the growing understanding of the pathophysiolodion in osmolality during HD could improve hemodynamic
mechanisms that contribute to hemodynamic instability durirggability (9). Limiting the reduction in extracellular osmolality
hemodialysis (HD), HD-associated hypotension still remairtan be done by injecting hypertonic fluids such as hypertonic
one of the most cumbersome complications in dialysis theragaline (10). However, because of the side effects of hypertonic
Q). saline (thirst, interdialytic weight gain, and hypertension,
Hypotension during dialysis may induce minor but troublewvhich could be of great clinical importance in cardiac-com-
some side effects in the patient, such as nausea, vomiting, @neimised patients), this fluid is not without drawbacks. Vol-
dizziness, but may also lead to more serious complicationgne expansion can also be performed by hyperoncotic infu-
such as cardiac or cerebral ischemia. There are dialysis patigfigsis, such as dextran and mannitol (10). However, because of
who hardly suffer from hypotensive episodes. However, HRheir side effects, these fluids are of limited clinical importance
associated hypotension is especially frequent in elderly peopia—18). An intravenous infusion of albumin, an expensive and
and in those patients with a compromised cardiovascular sygdely used fluid, or other hyperoncotic fluids could enhance
tem (2-8). Particularly in the latter group, hypotension mayrther vascular refilling and could improve hemodynamic
have serious consequences. stability (19). Recent data raise questions about the safety of
The immediate cause of the decrease in BP during HD dfhumin infusions: It was reported that there was an increased
intravascular hypovolemia, which is related to the dialysigsk of death in patients treated with albumin as a result of
procedure itself. It has been shown that preventing the red'i‘ﬁ/‘povolemia (20). Furthermore, data on the effect of both
hypertonic saline and albumin on the systolic BP (SBP) course
in cardiac-compromised dialysis patients with frequent hypo-
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with HES and albumin. HES is a relatively inexpensive syrStudy Protocol

thetic colloid, which has, because of its physicochemical qual-The patients were studied on the regular day of their dialysis
ities, a long-standing volume effect, and in our previous stugghedule Wi_th a weekly interval during UF and_ HD. E_ach patient
only 100 ml of HES had a distinct effect on the preservation §¢rved as his or her own control and was studied during three HD
BV and, as a result, SBP (21-24). It can be expected, basedgpsions that differed only in the type of intravenous fluid adminis-
the results of our previous study (21), that hyperoncotic HEtgred. The study started with the insertion of the needles, after which
(10%) is of even more clinical importance in Cardiac-compré)—atiems were placed in the supine position for the duration of the

dialysis session.

mised dialysis patients who often experience hypotensive ep'An intravenous infusion of 33 ml of saline (3% sodium chloride;

isode;. In tf;is study, the effig:acy of hypertonic saline (30_/033axter, Utrecht, The Netherlands), 100 ml of albumin (20% Cealb;
albumin (20%), and HES (10%) on BP course and BV duriNgentraal Laboratorium BloedtransfugjeAmsterdam, The Nether-
combined UF and HD in cardiac-compromised dialysis pgnds), or 100 ml of HES (10% Haes-steril; Fresenius) was adminis-

tients was compared. tered at room temperature (22°C) when SBP was less than 100 mmHg
. or when the decrease in SBP was more than 25 mrgtgusthe start

Materials and Methods of UF and HD, in which case UF was continued. The osmolar load of

Patients and Dialysis the administered saline (30.9 mosmol) was similar to the osmolar load

After obtaining informed consent for participation in the studypf HES (30.8 mosmol). UF was continued at the same rate. The order
which was approved by the ethics committee of the Maastricht Urdf the intravenous infusions was randomized. Measurements of arte-
versity Hospital, nine patients (five women and four men) undergoiml BP and relative BV were performed just before the start of UF and
chronic, intermittent HD were included. All patients were cardiad-ID (t = 0), when SBP was less than 100 mmHg or when the decrease
compromised, defined as complaining of symptoms with less thanSBP was more than 25 mmHg@rsusthe start of UF and HDt(=
normal activity and symptoms at rest (New York Heart Association); after 1 ¢ = 1), 5 ¢ = 5), and 30 { = 30) min aftert = iv; and
classifications Ill and IV) (25). Moreover, these patients had a milét the end of UF and HDt (= end).
to-severe left ventricular dysfunction, defined as an ejection fraction
of 40% or less, which was obtained by performing a two-dimension,’(ylethodS

echocardiogram after dialysis with the patient in the left lateral decu- Arterial BP (SBP, diastolic BP [DBP], and mean arterial BP) was

bitus p.osition for measurement of left ventricular ejection frac‘_[ion easured with an automatic BP monitor (Dinamap 1486 SX; Critikon,
accor_dlng to the methoq of Dc_ndge and Sheehan (26). Al pat'erﬁsc')rderstedt, Germany) and was recorded every 10 min. Moreover, BP
experienced a hypotenswe_perlod more than once a week. was also measured at= iv, t = 1.t = 5.t — 30, andt = end.
theTr:ee;nnegrr:]:%iﬂcéh\?vgstzlezﬁisn\?ga?r;?;yg (t?g%eﬁqi?_ tﬁeszfrtﬁgiljtgaanges in rela_tive BV were measured continuously and noninya—
was caused by one or more myocardial’ infarctions=( 8) and sively by an optical reflectlon method that measures the absorption
ischemic heart disease & 1). Renal failure was caused by hyper-and s_,catFermg p.ropert|e§ of rgd bIooq cell; as they pass through the
tensive nephrosclerosis & 5), diabetic nephropathyn(= 3), and HD cireutt (C”t"'f‘e? In-Line Dlagnostlcs, Riverdale, UT). The th'.'

' o . ” . cal sensor was clipped to the in-line blood chamber on the arterial line,
unknown causen(= 1). The mean ejection fraction of the patients L 4 trends of hematocrit and percent BiéKsustime) were logged
our study was 29.8% 7.65% (range, 22 to 40%).

oyer the entire treatment period. In previous studies it has been shown

The dry weight was estimated k.)y echography of the |nfgr|or CaVEat relative changes in BV can be determined reliably during HD by
vein (27). The UF rate was prescribed according o the estimated rg serial monitoring of hematocrit (36—38). The baseline value was

vv_elgh_t and mterdla_lytlc_welght gain, and was constant during th tained after 2 min of extracorporeal circulation at a blood flow of
dialysis session. Dialysis was performed using a Gambro AK-l@

module (Lund, Sweden) with hemophane membranes (GES-16: G mp ml/min w!thout UF to exclude th_e m_fluence of saline _(recn_rcula—

: n) present in the extracorporeal circuit at the start of dialysis.
bro) or using a Hospal Integra module (Uden, The Netherlands) wi ﬁBefore as well as at the end of dialysis, a blood sample was taken
polysulfone membranes (F6HPS; Fresenius, Den Bosch, The Netr{er- ysIS, P

lands). The blood flow was 250 ml/min and the dialysate flow was determine levels of serum sodium (Beckman CX-7; Brea, CA),

. . . . onized calcium (ABL 505 radiometer; Copenhagen, Denmark), and
500 ml/min. The dialysate composition was as follows: 2.0 mmol/| . )
potassium, 3.0 mmol/L acetate, 0.5 mmol/L magnesium, and 2.0 gEI_OOd urea nitrogen (BUN; Beckman CX-7).
(11.2 mmol/L) glucose. The dialysate calcium concentration was 1.75
mmol/L because in previous studies we and others (28-31) show®tatistical Analyses
that this leads to a better hemodynamic stability due to an increase irChanges within patients in hemodynamic parameters during each
myocardial contractility, especially in cardiac-compromised patientsession as well as within-patient differences between sessions were
To prevent the effect of large interindividual changes in seruanalyzed by repeated-measures MANOVA (Statistical Package for
sodium concentrations on changes in BV (32) during dialysis, tlilee Social Sciences, version 6.1) (39). If the sphericity of the variance-
dialysate sodium concentration was individualized and set to be eqoaVvariance matrix of repeated measures appeared to be violated,
to the predialytic serum sodium concentration in the first treatmedégrees of freedom in the univariate MANOVA tests were corrected
session. The dialysate bicarbonate concentration was individualizesing the Greenhouse-Geisser epsilon to avoid type | error in testing
and adjusted to achieve a postdialysis serum bicarbonate level the F ratio. Reversed Helmert contrasts were used to test between
tween 26 and 30 mmol/L. The dialysate temperature was adjustedséssions, and in addition, orthogonal polynomial contrasts within time
the predialytic body temperature of the patient because it has beere made, taking = 0 as well ast = iv as baseline values.
shown that higher dialysate temperatures may impair vascular reRecedialysis weights, UF rate, time of infusion of the fluids, interdia-
tivity and BP stability, especially in patients with a low predialytidytic weight gain after the treatment sessions, and predialysis and
body temperature (33-35). Dialysate temperature and dialysate cquostdialysis laboratory parameters were analyzed using Friedman
position did not differ between the three treatment sessions. analysis of variance and, when appropriate, by Wilcoxon signed rank
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Table 1. Blood pressure courde
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Variable

Saline (3%)

Albumin (20%)

HES (10%)

Systolic blood pressure

t=0 156 (25) 127 (22) 139 (29)

t=iv 107 (14) 90 (17) 90 (16)

t =end 98 (18)° 98 (14§ 107 (14%°
Diastolic blood pressure

t=0 74 (12) 64 (8) 68 (10)

t=iv 64 (11) 52 (10) 53 (8)

t = end 58 (16) 55 (6 61 (6)

2Data are given as mean (SD). Blood pressure course before the start of the diady€3, pefore the intravenous fluid administration
(t = iv), and at the end of the dialysis sessién= end). Systolic and diastolic blood pressure are given in mmHg. HES,
hydroxyethylstarch.

PP < 0.05,t = endversus t= 0.

°P < 0.05, salineversusalbumin and salineersusHES,t = endversus t= 0.

9P < 0.05,t = endversus t= iv.

¢P < 0.05, HESversussaline,t = endversus t= iv.

fP = 0.075, HESversussaline,t = endversus t= iv.

test. AP value <0.05 was considered significant. All values are-5.71 + 16.70 mmHg; NS), increased with albumin (change
expressed as mean SD. in DBP, +2.89 = 10.05 mmHg; NS), and increased signifi-
cantly with HES (change in DBP;7.55+ 10.38 mmHgP <
Results 0.05). The change in DBP at= endversus t= iv tended to
The predialysis weights in the three treatment sessions (gacrease more when using saline compared with HES: (

line [3%)], albumin [20%], and HES [10%]) were 64.74 0.075). Between albumin and HES and between albumin and
14.94, 65.16= 12.55, and 65.71* 12.79 kg, respectively saline there were no significant differences.

(NS). The mean UF rate was 0.72 0.20, 0.66* 0.19, and
0.71# 0.14 L/hin the three treatment sessions (NS). The me@hanges in Relative BV

dialysate temperature during all three treatment sessions wapata are presented in Figure 1. BV decreased significantly
36.66+ 0.42°C. versus baseline during UF and HD in all three treatment
sessionsK < 0.05). The decrease in BV ait= endversus t=
BP Course 0 was significantly higher when using saline compared with
Data are listed in Table 1. Time of intravenous infusion qflbumin @ < 0.05) and when using saline compared with HES

saline (3%), albumin (20%), and HES (10%) was 1878, (P < 0.05). Between albumin and HES there were no signif-
134 + 60, and 151+ 52 min, respectively (NS). SBP de-jcant differences.

creased significantlyersusbaseline {= 0) during UF and HD

in all three treatment sessionB € 0.05). The decrease was
significantly higher when using saline compared with albumig BV (%)
(P < 0.05) and when using saline compared with HIPS<(

0.05). Between HES and albumin there were no significantyg
differences (NS).

When we compared the valuestat iv with those att =
end, SBP decreased with saline (change in SBB,71 + 0o B £
16.63 mmHg; NS), increased with albumin (change in SBP, i
+8.66 + 16.61 mmHg; NS), and increased significantly with
HES (change in SBP+16.11+ 19.37 mmHgP < 0.05). The 10 4 I
change in SBP at = end versus t= iv was significantly I
greater when using saline compared with HES<( 0.05) and
tended to decrease more when using saline compared with
albumin P = 0.09). Between albumin and HES there were no?° ' : ' ' ! ' !
significant differences. t=0’ t=iv t=1" t=5'  t=15 =30  end

DBP (Table 1) decreased significanthgrsusbaseline { = Time
0) during UF and HD with saline and albumiR ( 0.05) but  Figure 1. Blood volume course: percent changes in blood volume
not with HES. When we compared the valued at iv with  versushaseline M, study with intravenous albumin®, study with
those at = end, DBP decreased with saline (change in DBRtravenous salinea, study with intravenous hydroxyethylstarch.
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Table 2. Laboratory parametéts

Saline (3%) Albumin (20%) HES (10%)
Parameter
t=0 t=end t=0 t=-end t=20 t =end
Sodium (mmol/L) 138.2 (4.6) 135.8 (2.2) 135.6 (3.2) 136.8 (3.1) 137.5 (3.9) 136.4 (3.8)
i-Ca (mmol/L) 1.20 (0.07) 1.31(0.08)  1.24(0.11) 1.31 (0.0%) 1.20 (0.07) 1.34 (0.08)
BUN (mmol/L) 24.23 (4.81) 7.03(1.33) 29.30(5.78) 8.77 (2.2%) 26.78 (4.78) 7.88 (2.08)

2Data are given as mean (SD). Laboratory data before the start of the dialysi@)(and at the end of the dialysis sessior=(end).
BUN, blood urea nitrogen; i-Ca, ionized calcium.
PP < 0.05,t = endversus t= 0.

When we compared the values, before fluid administratiooardiac-compromised dialysis patients (11,12). In an earlier
att = iv with those att = end, BV decreased, although nostudy of stable dialysis patients, we showed a superior preser-
significantly, with saline (change in B\43.19+ 2.88%; NS) vation of BV with HES compared with isotonic saline, without
and albumin (change in BV;-1.04 = 6.91%; NS), but re- any side effect (21). Therefore, in this study we compared two
mained stable with HES (change in B¥0.14 = 4.7%; NS). hypertonic fluids (HES [10%], which is also a hyperoncotic

fluid, and saline [3%]) and albumin, a hyperoncotic fluid with
Laboratory Parameters an osmolality between 260 and 280 mosmol/L, with respect to

The laboratory data are presented in Table 2. The changdhrir effect on SBP and BV. Saline (3%) and HES (10%) were
serum sodium was comparable between the three treatmadiministered in such amounts that a similar osmolar load was
sessions. During all sessions there was a significant increasgiven. We found that SBP was better maintained with HES
ionized calcium and a significant decrease in BUN. Among tlempared with saline, which suggests that it is not only the
three sessions there were no significant differences in thfect on osmolality, but also the additional oncotic effect of

change in ionized calcium and BUN. HES that is responsible for the distinct and prolonged effect on
SBP course. This has also been observed by Gbrag. (40),
Other Parameters who compared hypertonic saline solutions with dextran, which

The interdialytic weight gain after the treatment sessiomdso has oncotic effects. They found that the BP response was
with saline (3%), albumin (20%), and HES (10%) was 2763 more prolonged with 23% saturated hypertonic saline and
0.38, 2.43+ 0.34, and 2.63F 0.71 kg, respectively. Betweendextran compared with hypertonic saline alone (7.5%) (40).
the three treatment sessions there were no significant diffetewever, in their study, in a great number of patients, repeated
ences in interdialytic weight gain. Three patients experiencedndravenous infusions were needed to maintain SBP, whereas
hypotensive episode when using saline, and one patient expe- administered only one infusion. This difference could be
rienced a hypotensive episode when using albumin. Howevexkplained by differences in the UF rates between their study
UF could be continued when the patients were placed in thad ours. Unfortunately, data regarding the UF rate are lacking

Trendelenburg position. in the study of Gonget al. (40).
. . In this study, SBP was also better maintained with albumin
Discussion compared with hypertonic saline, which could be caused by the

In this study we compared the efficacy of hypertonic salinencotic effects of albumin. These data are also comparable
(3%), albumin (20%), and HES (10%) on SBP during UF andith the results of our previous study, in which we showed that
HD in cardiac-compromised dialysis patients who often exp&BP, although not significant, was better maintained with
rienced hypotensive episodes. Our results show that HES isadipumin compared to isotonic saline (21). When we compared
effective solution in maintaining the SBP course, similar tthe effect of HES with that of albumin, we found that there
albumin but superior to hypertonic saline. were no significant differences in SBP course after the intra-

It has been shown that preventing the reduction in plasmanous infusion of either of the two fluids. However, the
osmolality during HD could improve hemodynamic instabilityncrease in SBP, although not significant, was greater with
because it avoids or decreases the water inflow into the intldES compared to albumin. It cannot be excluded that the
cellular compartment and preserves the available amounthigher sodium concentration of HES compared with albumin
interstitial fluid to compensate for intravascular hypovolemihas an additional beneficial effect on the SBP course (21).
(9). Limiting the reduction in extracellular osmolality by in-Nevertheless, this difference in sodium concentration does not
jecting hypertonic fluids is generally advocated as an efficieappear to introduce untoward clinical effects, because the
treatment of symptomatic hypotension (10). However, repeateldange in serum sodium during dialysis and interdialytic
intravenous injections of saline may lead to an increase in thveight gain during the days after treatment were comparable
exchangeable sodium pool and, as a consequence of thirst, fmefyween the three sessions.
lead to an increase in interdialytic weight gain and hyperten- Regarding the decrease in BV from baseline to the end of the
sion, which may be of great clinical importance in vulnerabldialysis treatment, the decrease in BV was significantly more
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pronounced with hypertonic saline compared to HES and 4B.
bumin, which could also be explained by the oncotic effect of

HES and albumin. When we compared the changes in BV from
the time of infusionversusthe end of the dialysis session, BV

also decreased with saline and albumin, and remained Ljrﬁi

changed with HES. However, these differences did not reafg
statistical significance. '

Similar to our previous study (21), in this study none of theg
patients experienced side effects with either of the fluids during

or after the dialysis session. HES also did not cause intravas-

cular volume overload in these cardiac-compromised patients,
because BV declined gradually to the preinfusion values during
the rest of the dialysis session.

From these data, we conclude that HES is an effective flul§:
in maintaining SBP and in preserving BV in hypotensive-prone
dialysis patients, comparable to albumin but superior to hyper-
tonic saline. Given the costs and side effects of albumin, Hlﬁg
is preferred. '

20.

References

1.

2.

10.

11.

12.

Zucchelli P, Santoro A: Dialysis-induced hypotension: A fresh
look at pathophysiologyBlood Purif 11: 981-985, 1993 21.
Ritz E, Rambausek M, Mall G, Ruffman K, Mandelbaum A:
Cardiac changes to uremia and their possible relation to cardio-
vascular instability on dialysisContrib Nephrol78: 221-229,
1990 22.
Henderson LW: Hemodynamic instability during hemodialysis.
Kidney Int30: 605-612, 1986

Palmer F, Henrich WL: The effect of dialysis on left ventricular
contractility. In: Cardiac Dysfunction in Chronic Uremiadited 23.
by Parfrey PS, Harnett JD, Dordrecht, The Netherlands, Kluwer
Academic, 1992, pp 171-186

Yellin EL, Nikolic S, Frater RWM: Left ventricular filling and
diastolic function.Prog Cardiovasc Re82: 247-271, 1990 24,
Leunissen KML, Kooman JP, van Kuijk WHM, Luik AJ, van der
Sande FM, van Hooff JP: Preventing haemodynamic instability
in patients at risk for intra-dialytic hypotensioNephrol Dial
Transplant11[Suppl 2]: 11-15, 1996

Hinds CJ, Watson Dintensive Carg Philadelphia, Saunders,
1996, p 72

Mann H, Ernst E, Gladziwa U, Schallenberg U, Stiller S:
Changes in blood volume during dialysis are dependent upon @
rate and amount of ultrafiltratélrans Am Soc Artif Intern Or-
gans35: 250-252, 1989

Rodrigo F, Shideman J, McHugh R, Buselmeier T, Kjellstrand Q7.
Osmolality changes during haemodialysis: Natural history, clin-
ical correlations, and influence of dialysate glucose and intrave-
nous mannitolAnn Intern Med86: 554-561, 1977

Mujais SK, Ing T, Kjellstrand C: Acute complications of hemo28.
dialysis and their prevention and treatment. Replacement of
Renal Function by Dialysis4th Ed., edited by Winchester JF,
Washington, DC, Kluwer Academic Publishers, 1995, pp 69829.
724

Robson M, Oren A, Ravid M: Dialysate sodium concentration,
hypertension, and pulmonary edema in haemodialysis patients.
Dial Transplant7: 678—679, 1978 30.
Wilkinson R, Barber SG, Robson V: Cramps, thirst and hyper-
tension in haemodialysis patients: The influence of dialysate
sodium concentratiorClin Nephrol 7: 101-105, 1977 31.

25.

J Am Soc Nephrol 11: 550-555, 2000

Bergonzi G, Paties C, Vassallo G, Zangrandi A, Poisetti PG,
Ballochi S, Fontana F, Scarpioni L: Dextran deposits in tissues of
patients undergoing haemodialysiéephrol Dial Transplant:
54-58, 1990

Richter AW, Hedin H: Dextran hypersensitivitytamunol Today

3: 132-138, 1982

Better OS, Rubinstein |, Winaver JM, Knochel P: Mannitol
therapy revisited (1940-1997lidney Int51: 886—894, 1997
Aviram A, Pfau A, Czackes JW, Ullman TD: Hyperosmolality
with hyponatremia caused by inappropriate administration of
mannitol.Am J Med42: 648—-650, 1967

Dorman HR, Sondheimer JH, Cadnapaphornchai P: Mannitol-
induced acute renal failurddedicine (Baltimore)s9: 153-159,
1990

Conte G, Dal Canton A, Imperatore P, De Nicola L, Gigliotti G,
Pisanti A, Memoli B, Fuiano G, Esposito C, Andreucci VE:
Acute increase in plasma osmolality as a cause of hyperkalemia
in patients with renal failureKidney Int38: 301-307, 1990
Rodriguez M, Llach F, Pederson JA, Palma A: Changes in
plasma oncotic pressure during isolated ultrafiltratiSiciney Int

21: 519-523, 1982

Cochrane Injuries Group Albumin Reviewers: Human albumin
administration in critically ill patients: Systemic review of ran-
domised controlled trialBr Med J317: 235-240, 1998

van der Sande FM, Kooman JP, Barendregt JNM, Nieman FHM,
Leunissen KML: Effect of intravenous saline, albumin or hy-
droxyethylstarch on blood volume during combined ultrafiltra-
tion and hemodialysis] Am Soc NephrolO: 1303-1308, 1999
Hankeln K, Radel C, Beez M, Laniewsky P, Bohmert F: Com-
parison of hydroxyethylstarch and lactated Ringer’s solution on
hemodynamics and oxygen transport of critically ill patients in
prospective crossover studi€it Care Med17: 133-135, 1989
Boldt J, Heesen M, Muller M, Pabsdorf M, Hempelmann G: The
effects of albumin versus hydroxyethyl starch on cardiorespira-
tory and circulatory variables in critically ill patient&nesth
Analg 83: 254-261, 1996

Weidler B, von Bormann B, Sommermeyer K, Lohmann E, Peil
J, Hempelmann G: Pharmakokinetische Merkmal als Kriterien
fir den Kklinische Einsatz von HydroxyethylstarkArnzheim
Forsch Drug Restl: 494498, 1991

The Criteria Committee of the New York Heart Association:
Diseases of the Heart and Blood Vessels: Nomenclature and
Criteria for Diagnosis,6th Ed., Boston, Little, Brown & Co.,
1964

Dodge HT, Sheehan H: Quantitative contrast angiography for
assessment of ventricular performance in heart disehgen
Coll Cardiol 1: 73-81, 1983

Leunissen KML, Kouw P, Kooman JP, Cheriex EC, DeVries
PM, Donker AJ, van Hooff JP: New techniques to determine
fluid status in hemodialyzed patientsidney Int43: S50-S56,
1993

Maynard JC, Cruz C, Kleerekoper M, Levin NW: Blood pressure
response to changes in serum ionized calcium during haemodi-
alysis.Ann Intern Med104: 358-361, 1986

Fellner SK, Lang RM, Neumann A, Spencer KT, Bushinsky DA,
Borow KM: Physiological mechanism for calcium-induced
changes in systemic arterial pressure in stable dialysis patients.
Hypertensionl3: 213-218, 1989

Henrich WL, Hunt JM, Nixon JV: Increased ionized calcium and
left ventricular contractility during haemodialysi¥.Engl J Med
310: 19-23, 1984

van der Sande FM, Cheriex EC, van Kuijk WHM, Leunissen



J Am Soc Nephrol 11: 550-555, 2000

32.

33.

34.

35.

KML.: Effect of dialysate calcium concentrations on intradialytic
blood pressure course in cardiac-compromised patiéts.J
Kidney Dis32: 125-131, 1998 36.
van Kuijk WHM, Wirtz JJJM, Grave W, de Heer F, Menheere
PPCA, van Hooff JP, Leunissen KML: Vascular reactivity dur-
ing combined ultrafiltration-hemodialysis: Influence of dialysat§7'
sodium.Nephrol Dial Transplantl1: 323-328, 1995

van Kuijk WHM, Luik AJ, de Leeuw PW, van Hooff JP'38
Niemann FHM, Habets HML, Leunissen KML: Vascular reac-
tivity during hemodialysis and isolated ultrafiltration: Thermal
influences.Nephrol Dial Transplantl0: 1852-1858, 1995

Fine A, Penner B: The protective effect of cool temperaturg,
dialysate is dependent on patients’ predialysis temperatume]
Kidney Dis28: 262—-265, 1996

van der Sande FM, Kooman JP, Burema JHGA, Hameleers4,
Kerkhofs AMM, Barendregt JM, Leunissen KML: Effect of
dialysate temperature on energy balance during haemodialysis:

Intravenous Fluids and BP during Hemodialysis 555

Quantification of energy transfer from the extracorporeal circuit
to the patientAm J Kidney Dis33: 1115-1121, 1999

Maeda K, Morita H, Shizato T, Vega BV, Kobayakawa H,
Ishihara T, Inagaki H, Igarashi I, Kitano T: Role of hypovolemia
in dialysis-induced hypotensioArtif Organs12: 116—-121, 1988
Steuer RR, Harris DH, Conis JM: A new technique for monitor-
ing hematocrit and circulating blood volume: Its application in
renal dialysis Dialysis Transplan2: 260—265, 1993

Leypoldt JK, Cheung AK, Steuer RR, Haris DH, Conis JM:
Determination of circulating blood volume by continuously mon-
itoring hematocrit during hemodialysis. Am Soc Nephrob:
214-219, 1995

Stevens J: Should we use the univariate or the multivariate ap-
proach? InApplied Multivariate Statistics for the Social Sciences
Hillsdale, NJ, Lawrence Erlbaum Associates, 1992, pp 454—-456
Gong R, Lindberg J, Abrams J, Whitaker WR, Wade CE, Gouge
S: Comparison of hypertonic saline and dextran in dialysis-
induced hypotensionl Am Soc NephroB: 1808-1812, 1993

Access to UpToDate on-line is available for additional clinical information at http://www.lww.com/JASN.




