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Prevention of Citrate Reactions During 
Therapeutic Plasma Exchange by Constant 

Infusion of Calcium Gluconate With the 
Return Fluid 

Robert Weinstein 
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Biomedical Research, St. Elizabeth’s Medical Center of Boston, Tufts University School of 

Medicine, Boston, Massachusetts 

We have examined the effectiveness of intravenous calcium gluconate infusion in the prevention of citrate reactions 
during therapeutic plasma exchange. Over 2 years, 636 procedures were performed on 90 patients, mostly for treatment 
of neurological disorders. Return fluid consisted of 4-5% human serum albumin in 0.9% NaC1. Anticoagulant ACD- 
A was used at a starting ratio of 1:16. Whole blood flow rates were 70-80 ml/min. Treatments were divided into 
three groups for management of citrate reactions: Group A (360 treatments) were managed using simple measures 
only, including slowing the whole blood flow rate, altering the ACD:whole blood flow ratio, and oral calcium 
carbonate wafers; Group B (102 treatments) received small intravenous boluses of 10% calcium gluconate, up to 
25 ml during the procedure; Group C (174 treatments) received constant infusion of calcium gluconate (10 ml/liter 
of return fluid) during the procedure. Citrate reactions occurred in 35.6% of Group A and 29.4% of Group B 
treatments ( P  = 0.3), but in only 8.6% of Group C treatments ( P  < 0.0001). Men with and without reactions were 
the same age (mean 63.3 vs. 61 years, P = 0.0823), but women with reactions were younger than women without 
reactions (mean 49.9 vs. 57.9 years, P < 0.0001). Supplementation of the return fluid with calcium gluconate is an 
effective, convenient, and well-tolerated method for prevention of citrate toxicity during therapeutic plasma exchange 
procedures using albumin-based return fluid. 0 1996 WiIey-Liss, Inc. 
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INTRODUCTION 

A sizable minority of therapeutic plasma exchange 
procedures are complicated by side effects of citrate- 
based anticoagulants [ 1-51. While not typically resulting 
in termination of a therapeutic plasma exchange, citrate 
toxicity causes discomfort to patients, and may be accom- 
panied by electrocardiographic abnormalities and serious 
cardiac arrhythmias [1,2,6]. Hester et al. reviewed the 
relationship between citrate delivery, (ionized) hypocal- 
cemia, and toxicity in apheresis platelet and leukocyte 
donors. According to their literature review, the typical 
citrate delivery rate of between 1.0 and 1.8 mg/kg/min 
(corresponding to 20 to 30 mg/liter of total blood volume/ 
min, or 0.7 to 1.2 ml of ACD-Nminutefliter of total blood 
volume) resulted in a 25 to 35% decrease in ionized 
calcium after 60 minutes. At this level, most donors devel- 
oped circumoral paresthesias, alleviated with small bolus 
infusions of calcium gluconate [6]. Despite the ability of 
current technology to automate the delivery of citrate- 
based anticoagulants within a desired range of infusion 
rates, citrate toxicity may complicate one in ten therapeu- 
tic plasma exchange procedures [4,5]. 

The typical response to clinical citrate toxicity includes 
slowing the whole blood flow rate or citrate infusion rate 
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[7,8]. Administration of oral calcium carbonate wafers in 
conjunction with these flow rate adjustments diminishes 
the severity and shortens the duration of episodes of mild 
to moderate citrate toxicity [5].  Intermittent bolus infusion 
of intravenous calcium gluconate has been used both to 
relieve clinical symptoms of citrate toxicity (without a 
clear effect on ionized calcium levels) [6] and to prevent 
the occurrence of such symptoms [4]. However, not all 
authors agree with the efficacy of, nor necessity for, cal- 
cium supplementation [ l$]. Prophylactic calcium infu- 
sion, as a supplement to the return fluid, has been used 
to ameliorate citrate toxicity in four patients with Walden- 
strom’s macroglobulinemia [9], and has been recom- 
mended by others [lo] but has not been widely studied. 
According to the American Association of Blood Banks 
Guidelines for Therapeutic Hemapheresis, there is no 
current justification for routine supplementation of re- 
placement fluids with calcium gluconate [ 1 I]. On the 
other hand, modern apheresis equipment permits whole 
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blood processing rates that are faster than those used in 
earlier studies. Faster flow rates may increase the risk of 
citrate toxicity, and simple measures such as reducing 
the processing rate may seem less acceptable if shorter 
processing times are a priority. 

We have previously reported the frequency of compli- 
cations of therapeutic plasma exchange in our institution 
[ 5 ] .  Recognizing citrate toxicity to be a major, possibly 
preventable, cause of mild to moderately severe complica- 
tions, we have studied the use of prophylactic calcium 
gluconate supplementation of return fluid in procedures 
in which the return fluid is human serum albumin formu- 
lated in 0.9% saline. We have found that prophylactic 
infusion of calcium gluconate has significantly reduced 
the occurrence of citrate toxicity in our patient population. 

MATERIALS AND METHODS 

Beginning calender year 1994 all therapeutic plasma 
exchange procedures performed at our medical center 
were captured in a relational data base (Microsoft Access, 
Microsoft Corporation, Redmond, WA) originally created 
as part of an ongoing quality assurance program. The 
data base included patient demographic information, di- 
agnosis, and other identifiers. Procedure information was 
recorded including date, patient weight, hematocrit, 
plasma volume, vascular access, volume exchanged, anti- 
coagulant used, return fluid, blood processing equipment, 
use of blood warmer, use of intravenous calcium gluco- 
nate, and other parameters of treatment. The occurrence 
of complications (“reactions”) was recorded, as were an 
assessment of the type and severity of the reaction [5] 
and a narrative description of what was done in response 
to the reaction. 

Among the 667 therapeutic plasma exchange proce- 
dures we performed between January 5,1994 and Decem- 
ber 26, 1995, 636 were performed on 90 patients using 
4-5% human serum albumin formulated in 0.9% saline 
as the return fluid. The present analysis is restricted to 
these 636 albumin-based exchanges. Procedures were 
performed using a Cobe Spectra (Cobe BCT, Lakewood, 
CO, 447 procedures), Fresenius AS 104 (Fresenius USA, 
Walnut Creek, CA, 173 procedures), or Haemonetics 
MCS Plus (Haemonetics, Inc., Braintree, MA, 16 proce- 
dures). Anticoagulant ACD-A was used at a starting anti- 
coagulant to whole blood flow ratio of 1 : 16. Whole blood 
flow rate was typically 70 to 80 ml/min. Anticoagulant 
to whole blood flow ratio and whole blood flow rate 
were adjusted at the discretion of the machine operator 
according to adequacy of venous access and patient tol- 
erance. 

Reactions were interpreted as citrate-related according 
to previously established criteria [5,10], including occur- 
rence of uncomfortable acral or oral paresthesias, nausea 
(or vomiting), chest tightening, muscle cramps, or tetany. 

TABLE I. Indications for Theraoeutic Plasma Exchange 

Treatment 
Indication Men Women Total 

Chronic 
Inflammatory 
Demyelinating 
Polyneuropathy 
Acute Guillain-Barrt Syndrome 
Multiple Myeloma 
Multiple Sclerosis 
Myasthenia Gravis 
Paraproteinemic 
Pol yneuropathy 
Stiff Man Syndrome 
Waldenstrom’s 
Macroglobulinemia 

I I  

1s 
0 
2 
6 
8 

1 

2 

8 19 

17 32 
1 I 
2 4 
8 14 
9 17 

0 1 

0 2 

All reactions were graded according to a 4-level grading 
system [5] which considers mild reactions (Grade 1) to 
be associated with patient discomfort but manageable 
using simple measures and not requiring interruption of 
the procedure, moderately severe reactions (Grade 2) to 
be non-life-threatening but requiring medical intervention 
and/or interruption (but not termination) of the procedure, 
severe reactions (Grade 3) to be life-threatening or requir- 
ing termination of the procedure, and fatal reactions 
(Grade 4) to involve death during or associated with 
therapeutic plasma exchange. All of the citrate reactions 
encountered during this study were Grade 1 or Grade 2. 

During the 2 year study period citrate reactions were 
addressed in one of three ways: Group A consisted of 
360 therapeutic plasma exchange procedures performed 
without any intravenous calcium gluconate supplementa- 
tion. The apheresis technician was permitted to treat ci- 
trate toxicity using simple measures including slowing 
the whole blood processing rate, pausing the procedure, 
administering oral calcium carbonate wafers to the patient 
and adjusting the ratio of anticoagulant flow rate to whole 
blood flow rate. Group B consisted of 102 procedures 
during which small boluses of 10% calcium gluconate 
were periodically infused by IV drip (up to 25 ml during 
a 3 to 5 liter exchange) in response to, or to prevent, 
citrate toxicity. Group C consisted of 174 procedures 
during which 10% calcium gluconate was added to the 
return fluid (10 ml per liter of return fluid) for constant 
infusion during the procedure. There were no return line 
thromboses in the groups receiving intravenous cal- 
cium gluconate. 

Patients were assigned among the treatment groups 
at random, but not through a formalized randomization 
process. Our intent was to examine the effectiveness of 
various current practices for dealing with citrate toxicity, 
keep records, and then perform an outcome analysis for 
quality assurance purposes. The analysis, therefore, was 
retrospective. Calcium gluconate (10 ml ampoules con- 
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TABLE 11. Age Distribution of Treatment Groups 

Grouu A 

n Men 

Mean age Men 

Median age Men 

Age range Men 

Women 

Women 

Women 

Women 

233 
127 
61.6 
53.5 
67.0 
60.0 

33-89 
16-86 

Group B 

45 
57 
62.9 
50.8 
62.0 
46.0 

16-86 
33-82 

Group C 

96 
78 
61.2 
57.3 
65.0 
62.0 
17-84 
29-82 

All Patients 

314 
262 
61.7 
54.0 
65.0 
58.0 

17-89 
16-86 

taining 10% Cl2HZ2CaOl4) was chosen because, with 94 
mg of ionized calcium per ampoule, it is considered safe 
and convenient to use for intravenous injection as a cal- 
cium supplement [7]. Calcium chloride (CaC1,) contains 
273 mg of ionized calcium per 10 ml ampoule of 10% 
solution and is not considered suitable for this purpose [7]. 

For analysis of the proportions of total reactions and 
citrate reactions among the groups, data were tabulated 
in contingency tables for calculation of the Chi-square 
statistic and probability or the Fisher Exact Test using 
statistical analysis software (Microsoft Excel, Microsoft 
Corporation, Redmond, WA, or Sigmastat for Windows, 
Jandel Scientific, San Rafael, CA). Two-sample compari- 
sons were performed by the Mann-Whitney Rank Sum 
Test and multiple sample comparisons were made by 
Kruskal-Wallis One Way Analysis of Variance by Ranks 
using Sigmastat. These non-parametric analyses were, 
by necessity, one-sided. 

Calculations were based on the assumption that, over 
a large group of treatments, the occurrence of citrate (or 
other) reactions in a given patient was not predictable 
from the occurrence of reactions during a previous treat- 
ment of the same patient [5] .  Thus, each plasma exchange 
was considered a separate data point. The validity of this 
approach was tested by talung into account the seven 
patients (all women) who underwent 32 therapeutic 
plasma exchange procedures, all of which were associated 
with citrate toxicity. Because their occurrences of citrate 
toxicity might not be considered unpredictable, their treat- 
ments were segregated from the data base and the calcula- 
tions were repeated without them to determine whether 
the observed relationships between calcium supplementa- 
tion, gender, weight, and citrate toxicity remained the 
same. Outcomes of all statistical analyses are presented 
in the Results section. 

RESULTS 

Most therapeutic plasma exchange procedures were 
performed to treat neurologic disease (Table I), with simi- 
lar numbers of men and women in each large disease 
category. The majority of treatments were for demyelinat- 
ing peripheral polyneuropathies. 

Overall, the mean were modestly older than the 
women, although their age ranges were similar (Table 
11). The age differences between men and women were 
significant for each group (Group A: P < 0.0001; Group 
B: P < 0.0001; Group C: P = 0.0230; all men vs. all 
women: P < 0.0001). The men’s ages in the three groups 
were similar ( P  = 0.7468) as were the women’s ages 
( P  = 0.lOll). The overall ages of the three groups were 
not significantly different (P  = 0.2452). 

Figure 1 summarizes the occurrence of citrate reactions 
and all reactions (citrate, vasovagal, chills, hypotension, 
hypovolemia, other) among the three treatment groups. 
Panel A includes data from all 636 treatments under study. 
While occurrence of citrate toxicity varied significantly 
among the three treatment groups ( P  < O.OOOl), the pro- 
portion of treatments associated with citrate reactions in 
Groups A and B were not different (P  = 0.3000, chi- 
square with Yates correction for continuity). Treatments 
in Group C were significantly less likely to be compli- 
cated by citrate toxicity than either of the other two groups 
or than the other two groups combined ( P  < 0.0001 for 
each of the three comparisons). In all, reactions occurred 
in -41% of both Groups A and B ( P  = 0.9399), but in 
only 23.6% of Group C ( P  < 0.0001 vs. A and B com- 
bined). Among total reactions, citrate reactions accounted 
for 85.9% of reactions in Group A, 71.4% of reactions 
in Group B, but only 36.6% of reactions in Group C 
( P  < 0.0001 vs. A and B). 

Panel B summarizes data from 604 treatments, exclud- 
ing the patients whose treatments were associated with 
citrate toxicity 100% of the time (see Materials and Meth- 
ods). Citrate reactions occurred in similar proportions 
of Group A and B treatments ( P  = 0.1368) but were 
significantly decreased among Group C treatments com- 
pared to Group A ( P  < O.OOOl), Group B ( P  = 0.0005), 
or Groups A and B combined ( P  < 00001). There was a 
nearly equal likelihood of any reaction occurring in Group 
A and B treatments ( P  = 0.9396). Reactions were de- 
creased in Group C treatments compared to Group A 
(P  = 0.0014), Group B ( P  = 0.0196), or Groups A and 
B combined ( P  = 0.0010). 

Although intravenous infusion of calcium gluconate 
affected the proportions of treatments in which citrate 
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Fig. 1. Proportions of treatments associated with reactions by group. 
The proportion (percentage) of treatments in which reactions occurred 
are depicted for Group A (unfilled bars), Group B (diagonally filled 
bars), and Group C (cross-hatched bars). Citrate reactions are noted 
on the left in both panels, and all reactions on the right. Numbers over 
the bars are the actual percentage values depicted by each bar. A: Data 
from all 636 therapeutic plasma exchange procedures. Citrate reactions 
(left side of panel) were slightly less frequent in Group B than Group 
A treatments, but the difference was not significant. However, Group 
C treatments demonstrated a marked and significant decrease in citrate 
reactions compared to the other two groups. The occurrence of all 
reactions (right side of panel) was identical in Groups A and B, but 
significantly less in Group C compared to the other two groups. B: 

'1 

1 Group A 
Group B 

p=0.9396 

31 

A// Reactions 

Data from 604 procedures, excluding 32 procedures performed on 
seven female patients who experienced a 100% incidence of reactions 
during their course of therapy. These included 27 citrate reactions (21 
in Group A treatments, six in Group B treatments) and five other 
reactions (two in Group A treatments, one in Group B, and two in 
Group C treatments). Citrate reactions (left side of panel) were again 
less frequent in Group B than Group A treatments, but the difference 
was not significant. Group C treatments demonstrated a marked and 
significant decrease in citrate reactions compared to the other two 
groups. The occurrence of all reactions (right side of panel) was essen- 
tially identical in Groups A and B, but significantly less in Group C 
compared to the other two groups. 
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TABLE 111. Severity of Citrate Reactions Among 
Treatment Groups 

All 
Group A Group B Group C treatments 

n 128 30 15 173 
Grade 1 82 (64.1%) 16 (53.3%) 8 (53.3%) 106 (61.3%) 
Grade 2 46 (35.9%) 14 (46.7%) 7 (46.7%) 67 (38.7%) 

reactions occurred, the severity of the reactions was not 
affected (Table 111). The proportions of mild (Grade 1 )  
and moderately severe (Grade 2) reactions among the 
groups were not significantly different ( P  = 0.5187). 
Analysis of reaction severity excluding the seven patients 
with 100% incidence of citrate reactions (not shown in 
Table 111) yielded similar results, with no significant dif- 
ference in the proportions of Grade 1 and 2 citrate reac- 
tions among the three treatment groups ( P  = 0.5631). 

The preponderance of men in the patient population, 
notably in Group A (see Table II), raised the possibility 
that, if men are more susceptible to citrate reactions than 
women are, the uneven distribution of men and women 
among the groups might be responsible for the apparent 
effectiveness of calcium gluconate infusions in preventing 
citrate reactions. However, as presented in Table IV, 
women were, in fact, significantly more likely than men 
to experience citrate (or any) reactions in all treatment 
groups. Among those experiencing reactions, the propor- 
tion that were citrate reactions was the same for women 
as for men. Thus, the excess of men compared to women 
does not explain the reduction in reactions obtained using 
intravenous infusions of calcium gluconate. 

Figure 2 summarizes the citrate reaction rates and over- 
all reaction rates in men (Panel A) and women (Panel B) 
among the treatment groups. Men’s treatments in Groups 
A and B were associated with statistically similar rates 
of citrate reactions ( P  = 0.0794) and all reactions 
( P  = 0.3499), but men’s’ Group C treatments had signifi- 
cantly fewer reactions ( P  < 0.0001) vs. Groups A and B 
combined for citrate and all reactions). There was no 
difference in the citrate reaction rates between Group A 
and Group B women’s treatments (P  = 0.5418), but there 
were significantly fewer citrate reactions among Group 
C women’s treatment ( P  < 0.0001). However, the total 
reaction rates were the same among women in the three 
treatment groups (P  = 0.1580). These data suggest that 
intravenous calcium gluconate infusions effectively pro- 
tect both men women from citrate reactions during thera- 
peutic plasma exchange, but do not prevent the emergence 
of symptoms of other toxicities in women. 

As summarized in Table V, women whose treatments 
were associated with reactions were younger than those 
not associated with reactions (49.9 years vs. 57.9 years, 
P < 0.0001). However, the mean age of women was simi- 
lar among the three treatment groups (see Table 11). Men’s 

ages were similar in treatments with or without reactions 
(63.3 vs. 61 years, P = 0.0823). It is unlikely that age 
skewed the results in favor of intravenous infusions of 
calcium gluconate. 

Table V also indicates that although the men weighed 
more than the women (85.4 2 16.5 kg vs. 71.3 2 16.7 
kg, P < 0.000 l),  weight within each gender did not differ- 
entiate treatments associated with reactions from treat- 
ments not associated with reactions. Thus, treatments 
associated with reactions were more likely to have been 
performed on younger women, but their weight did not 
mitigate in favor of having a reaction. 

DISCUSSION 

Our study of 636 therapeutic plasma exchange proce- 
dures over a 2 year period provides support for supple- 
mentation of return fluids with calcium gluconate. Those 
procedures in the group employing constant infusion of 
calcium gluconate (Group C) were characterized by a 
dramatic and significant decrease in citrate reactions com- 
pared to the other two groups. The overall reaction rate 
was lowest in Group C as well, underscoring the signifi- 
cance of citrate as a source of toxicity in therapeutic 
plasma exchange. 

Intermittent administration of calcium by mouth or by 
intravenous bolus did not prevent relatively high rates of 
citrate reactions. Oral calcium supplements were adminis- 
tered during treatments in Group A on an ad hoc basis, 
often in response to symptoms attributable to citrate. It 
is not surprising that this group of treatments would be 
associated with a high occurrence of citrate reactions. We 
were somewhat surprised by the ineffectiveness of bolus 
intravenous calcium gluconate (Group B), given the effec- 
tiveness previously reported [4]. However the timing of 
calcium boluses in Group B may have been different from 
that reported to be effective by Mokrzycki and Kaplan [4]. 

Women in our study were 1.5- to 2-fold more likely 
than men to have reactions in all three treatment groups. 
In particular, younger women (mean age <50 years) were 
more likely to have reactions than older women (mean 
age -58 years). The susceptibility to toxicity was not 
apparently due to differences in body weight among 
women having or not having reactions. Despite the de- 
crease in apparent citrate toxicity in Group C women’s 
treatments, the total reaction rate for women was not 
significantly different among the three groups, suggesting 
that prevention of citrate reactions among women permit- 
ted symptoms of other toxicities to emerge. Women under 
age 50 are also more susceptible to nausea and vomiting 
due to anticancer chemotherapy [ 12,131 and narcotics 
[14] than older women or men. Our data may represent 
an extrapolation of the same phenomenon to the arena 
of therapeutic plasma exchange and suggest that younger 
women should be considered at heightened risk of toxicity 
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Fig. 2. Proportions of treatments associated with reactions by group 
among men (A) and women (B). The percentages of treatments in each 
group associated with citrate reactions or all reactions are depicted as 
in Figure 1. Again, citrate reactions are represented on the left side of 
the figure, all reactions are represented on the right side. Data are 
shown for Group A (unfilled bars), Group B (diagonally filled bars), 
and Group C (crosshatched bars). The numbersjust above the individual 
bars are the actual percentage values represented by the bars. A: Data 
from therapeutic plasma exchange procedures performed on men. There 
were moderate but statistically insignificant decreases in citrate reac- 
tions in Group B compared to Group A. However, in Group C treat- 

ments, there were marked and statistically significant decreases in both 
citrate reactions and all reactions compared to the other two groups. 
B: Data from therapeutic plasma exchange procedures performed on 
women. A small and insignificant decrease in citrate reactions is noted 
in Group B compared to Group A treatments. Group C treatments 
demonstrate a large and significant decrease in citrate reactions com- 
pared to the other two groups. The proportion of treatments associated 
with any reaction (“all reactions”) is virtually identical in Groups A 
and B. Although a moderate decrease in all reactions is noted in Group 
C, the difference is not statistically significant. 

during these procedures. Awareness of this risk of reac- 
tions among younger women may enable plasma ex- 
change personnel to recognize their signs early and take 
action to minimize their severity. 

Age was not a determining factor with respect to reac- 
tions in men’s treatments. As citrate reactions were pre- 
vented in Group C, other toxicities did not emerge among 
the men. These observations suggest that other reactions 
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TABLE IV. Proportions (%) of Men and Women Experiencing Reactions by Group 

Grouo A Grow B Grow C All treatments 

Citrate reactions Men 
(%I Women 

P 
All reactions Men 

(%) Women 
P 

’3% of Reactions Men 
due to citrate Women 

P 

29.6 
46.5 

35.2 
52.8 

84.1 
88.1 

0.0021 

0.00 I8 

0.6554 

15.6 
40.4 

26.7 
52.6 

58.3 
76.7 

0.0121 

0.0146 

0.2740 

3. I 
15.4 
0.0095 

10.4 
39.7 

<0.0001 
30 
38.7 
0.7197 

21.1 
35.9 

<0.0001 
27.8 
48.9 
<0.0001 
75.7 
73.4 
0.7738 

TABLE V. Age and Weight of Patients, Sorted by Gender, in 
Treatments Associated or Not Associated With Reactions 

Age (years) 
(mean ? SD) 

Reaction No reaction P 

Men 63.3 5 13.1 61.1 Z 12.9 0.0823 
Women 49.9 z 18 57.9 -C 16.9 <0.0001 
P <O.OOI 0.0882 

Weight (kg) 
(mean 5 SD) 

Reaction No reaction P 

Mean 85 z 18.3 85.6 2 15.8 0.8121 
Women 71.9 ? 14 70.6 ? 18.9 0.1143 
P <0.0001 <0.0001 

among the men may have been precipitated by unappreci- 
ated citrate toxicity. Restlessness, tremorousness, or nau- 
sea due to citrate may have precipitated vasovagal or 
other symptoms which were not finally recorded as ci- 
trate reactions. 

We conclude that citrate reactions occur commonly 
during therapeutic plasma exchange procedures per- 
formed using high-speed modem equipment. Supplemen- 
tation of the albumin-based return fluid with calcium 
gluconate can safely prevent these reactions for most 
patients. Women under age 50 may be more susceptible 
to reactions that older women or men. Citrate toxicity 
may be responsible for some reactions not otherwise at- 
tributed to citrate. 
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