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While therapeutic plasma exchanges (TPEs) performed with 5% albumin are considered safe, concerns regarding ve-

nous access and hypocalcemic toxicity remain. We reviewed the frequency of complications during TPEs performed

with 5% albumin supplemented with calcium gluconate and potassium chloride for a 5 year period in our institution.

Eighty-four adult patients (46 males and 38 females) underwent 581 plasma exchanges during the study period. The

most common indications were myasthenia gravis (37%), acute inflammatory demyelinating polyradiculoneuropathy

(31%), and chronic inflammatory demyelinating polyneuropathy (13%). All procedures used 2.2% ACD-A delivered

at a calculated average rate of 0.26 mg/kg/min, which led to a mean dose of citrate per TPE of 2.18 � 0.48 g or 27.8

� 5.24 mg/kg of body weight. Venous access difficulties occurred in 85 procedures (14.6%), but most TPEs were

completed successfully. Hypotension and citrate toxicity were seen in <5% of the TPEs and were mostly reversible.

Only 17 exchanges (3%) had to be aborted because of the loss of venous access (n5 9), hypocalcemic toxicity (n5 3),

hypotension (n 5 2), panic attacks (n 5 2), and one atypical reaction due to the interaction with an angiotensin con-

verting enzyme inhibitor. Comparison between pre- and post-TPE potassium levels showed a statistically significant

mean decrease of 7%, from 4.1 mequiv/l to 3.8 mequiv/l (P < 0.0001). We attribute the low rate of hypocalcemia to

our practice of adding calcium and potassium to the replacement fluid and suggest that this method could become

standard of care. J. Clin. Apheresis 22:265–269, 2007. VVC 2007 Wiley-Liss, Inc.
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INTRODUCTION

Therapeutic plasma exchange (TPE) is indicated in
the treatment of a variety of disorders, including many
mediated by autoantibodies [1]. Since 1993, more than
50 diagnoses have been classified by the American So-
ciety for Apheresis (ASFA) in four categories based on
the available literature [1–3]. TPE is category I for
thrombotic thrombocytopenic purpura (TTP), antiglo-
merular basement membrane antibody disease (Good-
pasture’s syndrome), and several neurologic syndromes
such as acute inflammatory demyelinating polyradicu-
loneuropathy, chronic inflammatory demyelinating poly-
radiculoneuropathy, and myasthenia gravis (MG) [3].

The most commonly used replacement fluids for
TPE are 5% albumin and plasma, including fresh frozen
plasma, frozen plasma 24 h (FP24), and cryopoor-
plasma. While TTP patients must receive plasma [4], it
may also be needed for patients with high bleeding risk
such as in Goodpasture’s syndrome [3,5]. In the man-
agement of most other conditions, 5% albumin is pre-
ferred because of its lower risk of hypersensitivity reac-
tions, transfusion-related acute lung injury (TRALI), and
transmission of blood-borne diseases [6,7]. Despite its
safety profile, TPE with 5% albumin may still be com-

plicated by hypocalcemia. Besides calcium chelation by
citrate used as anticoagulant, manufactured albumin is
stripped of calcium, which is another reason the patient’s
ionized calcium may fall during TPE. In addition, venous
access problems, common to all apheresis procedures,
may still occur [8]. In this report, we describe our prac-
tice of performing TPEs with 5% albumin supplemented
with calcium gluconate and potassium chloride and the
incidence of adverse complications.

MATERIALS AND METHODS

This study was approved by the Institutional Review
Board of the University of Alabama at Birmingham. It
consisted of a retrospective chart review of all patients
older than 19 years of age who underwent a one
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plasma-volume exchange with 5% albumin from Janu-
ary 1999 to December 2003. While most patients had
repeated procedures at least 2 days apart, those that
required only one TPE were also included. We created
a dataset which consisted of age, gender, height,
weight, blood and plasma volumes, indication for TPE,
signs and symptoms during TPE, procedure parameters,
and laboratory data such as hematocrit, potassium, bi-
carbonate, calcium, blood urea nitrogen, and creatinine.

All TPEs were performed with the COBE Spectra
separator (Gambro BCT, Lakewood, CO) and a blood
warmer. Each bottle of 5% albumin (500 ml) was sup-
plemented with 12.1 ml of an electrolyte solution con-
taining 1 mequiv of calcium gluconate and 2 mequiv
of potassium chloride prepared in sterile syringes in the
hospital pharmacy, and added immediately prior to
each procedure (one syringe per bottle). To avoid
potentially dangerous dosage errors, the pharmacy com-
puterized order entry system automatically includes the
electrolytes with every order for 5% albumin for TPE.

The following parameters were collected for each
TPE: venous access site, inlet flow rate, whole blood:
anticoagulant (AC) ratio, total blood volume processed,
and plasma volume removed, replacement volume, vol-
ume of AC infused, fluid balance, and length of the
procedure. The citrate dose per treatment was calcu-
lated by dividing the amount of citrate infused in milli-
gram (assuming 22 mg of citrate/ml of 2.2% ACD-A
multiplied by the total volume of AC returned to the
patient) by the body weight in kilogram. Untoward out-
comes were categorized as medical (hypotension, hypo-
calcemic toxicity, or hypersensitivity reaction) or tech-
nical (catheter-related).

Statistical Analysis

Statistical analysis for the comparison of means
between two groups of patients used the unpaired Stu-
dent’s t-test and for the changes between pre- and post-
TPE, the paired Student’s t-test. Statistically significant
differences were considered those with a P value <
0.05.

RESULTS

Study Population

A total of 84 patients were treated during the 5 year
period; 46 males and 38 females, with mean ages
(�SD) of 50 � 18 years and 53 � 15.5 years, respec-
tively. Height and weight averages � SD for the study
population were 170 � 10 cm and 80.2 � 17.6 kg,
respectively. All but two patients had neurologic dis-
eases as shown in Table I. Sixty-six patients (79.5%)
received only one series of TPEs, while 17 patients
(20.5%) required more than one series during the study
period. Hematocrit, BUN, and creatinine levels prior to
each procedure were 33.4% � 5.5%, 18.1 � 16.3 mg/
dl, and 1.1 � 1.7 mg/dl (mean � SD), respectively.

Procedure Characteristics

Blood flow rates during TPE ranged between 40 and
80 ml/min, and averaged 62 � 7 ml/min, the total vol-
ume of blood processed (without anticoagulant) was
4,894 � 907 ml, and the volume of plasma exchanged
was 3,310 � 671 ml (mean � SD). The final fluid
balance averaged 105% � 3.6%. The mean whole
blood:AC ratio was 13.8 � 0.7 (range of 10–17):1. The
total volume of AC used per TPE was 496 � 109 ml.
However, only ~20% of that was given to the patient,
averaging 99� 22.3 ml, at a delivery rate of 0.9� 0.4 ml/
min, or 27.8 � 5.24 mg/kg/procedure. Since each TPE
lasted an average of 110 � 23 min, the mean citrate
delivery rate was 0.26 mg/kg/min.

Complications

Of the 581 procedures analyzed, complications
occurred in only 135 TPEs (23.1%) and most were
minor. Venous access problems were the most common
(n 5 86), followed by hypotension, hypocalcemic tox-
icity, nausea/vomiting, panic attacks, hypertension, and
an atypical reaction due to an angiotensin converting
enzyme inhibitor (enalapril) given 2–3 h prior to start-
ing TPE [9] (Table II). No hypersensitivity reactions
were noted.

TABLE I. Indications for TPE with 5% Albumin

Diagnosis Male Female

Total number

of patients (%)

Total number

of TPEs (%)

Myasthenia gravis 17 14 31 (37) 250 (43)

AIDPa 16 10 26 (31) 129 (22)

CIDPb 7 4 11 (13) 74 (13)

Miscellaneousc 6 10 16 (19) 128 (22)

Total 46 38 84 (100) 581 (100)

aAcute inflammatory demyelinating polyradiculoneuropathy.
bChronic inflammatory demyelinating polyradiculoneuropathy.
cMiscellaneous indications included multiple sclerosis (n 5 4), polyneuropathy (n 5 2), acute disseminated encephalomyelitis (ADEM; n 5
2), paraneoplastic syndrome (n 5 2), transverse myelitis (n 5 2), Devic’s syndrome (n 5 1), Stiff-person syndrome (n 5 1), anti-insulin

receptor antibody (n 5 1), and Waldenstrom macroglobulinemia (n 5 1).
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Access problems consisted of low flow rate or cath-
eter thrombosis. There were no cases of pneumothorax
and only one patient had major bleeding at the catheter
insertion site. Catheter-associated infections were not
recorded. Almost half of the TPEs were performed
through central lines inserted in the subclavian veins
(42%) (Table III). This site was also the one most fre-
quently associated with complications (16%). One
patient had 15 treatments via a subcutaneous port and
experienced low access pressure in most of them.

Twenty-three hypotensive episodes occurred in 18
patients with neurologic diseases, although none had
signs of hemodynamic instability prior to TPE. Most
patients (n 5 14) had only one TPE with hypotension,
three had two treatments with hypotension, and one
patient with Devic’s disease had hypotension in three
of five TPEs (Table IV). The occurrence of hypoten-
sion per diagnosis and per number of TPE for each in-
dication is also shown in Table IV. All patients were
managed with saline boluses or by increasing the fluid
balance. Three patients in myasthenic crisis admitted to
the neurologic intensive care unit developed hypoten-
sion during only one of their multiple procedures and
were given inotropes (dopamine at 5 lg/kg/min, meta-
raminol or norepinephrine at doses not recorded) by
the attending neurologist. In addition, the exchanges

were stopped and saline was given under the direction
of the transfusion medicine team. Two TPEs were ter-
minated prior to finishing the last 500 ml bottle of al-
bumin because of hypotension. When patients with and
without hypotension were compared, there were no dif-
ferences in the following parameters: body weight (P
5 0.7), pre-TPE hematocrit (P 5 0.9), blood (P 5
0.9), or plasma volume (P 5 0.7). One patient had a
hypertensive reaction, which was controlled by decreas-
ing the fluid balance to 90%.

Twelve patients experienced hypocalcemic toxicity
in 16 TPEs (2.7% of total): 9 procedures in 7 males,
and 7 in 5 females (Table II). Hypocalcemia was mani-
fested mainly by isolated oral paresthesia, although a
few patients had lightheadedness, cold feeling, chest
tightness, or transient arrhythmia. All episodes were
managed by pausing the exchange until disappearance
of the symptoms, maintaining the lines open with sa-
line, and restarting the TPE at a decreased inlet rate
and increased blood:AC ratio until the end of the TPE.
None of the patients received oral or intravenous addi-
tional calcium supplementation.

Among the 135 TPEs with complications, all but 17
(3% of the total or 12.6% of this group) were success-
fully completed. The most common reasons for termi-
nation were low access pressure (n 5 9) followed by
hypocalcemic toxicity (n 5 3), hypotension (n 5 2),
panic attacks (n 5 2), and one atypical reaction due to
the concomitant use of an angiotension converting
enzyme inhibitor [9].

Electrolyte Parameters

Ionized calcium was not measured in any of the
patients. Despite the continuous infusion of KCl in the
5% albumin, there was a 7% decrease in the average
potassium level in the post-TPE serum samples (4.1–
3.8 mequiv/l; P < 0.0001). However, there was no
evidence of metabolic alkalosis induced by TPE: pre-
and postprocedure bicarbonate levels were 27.0 and
25.5 mequiv/l, respectively.

TABLE II. Frequency of Complications During TPE

Type of complication

Number

(% of total TPEs)

Percent

completed

Venous access problems 86 (14.8) 89

Hypotension 23 (3.9) 91

Hypocalcemic toxicity 16 (2.7) 81

Nausea/vomiting

(without hypocalcemia)

6 (1.0) 100

Atypical reaction due

to ACE inhibitor

1 (0.2) 0

Panic attack 2 (0.3) 0

Hypertension 1 (0.2) 100

Total 135 (23.1) 87

ACE, angiotensin converting enzyme.

TABLE III. Frequency of Venous Access Problems Classified by

Site and Type

Catheter site

Number of

procedures

(% of total)

Number of

complications

(% of group)

Number of

procedures

terminated

(% of group)

Subclavian 245 (42) 38 (16) 7 (2.9)

Internal jugular 199 (34) 23 (12) 5 (2.5)

Femoral 109 (19) 13 (12) 1 (0.9)

Subcutaneous port 15 (2.5) 10 (67) 3 (20)

Subclavian and

peripheral

5 (1) 1 (20) 1 (20)

AV fistula 5 (1) 0 0

Peripheral 3 (0.5) 1 (33) 0

Total 581 86 17

TABLE IV. Occurrence of Hypotension per Diagnosis and

Number of TPE

Number of

patients with

hypotension (%)

Number of

TPEs with

hypotension (%)

Myasthenia gravis 10 of 31 (32) 12 of 250 (5)

AIDP 4 of 26 (15) 4 of 129 (3)

Multiple sclerosis 1 of 4 (25) 1 of 25 (4)

Paraneoplastic syndrome 1 of 2 (50) 1 of 10 (10)

Devic’s syndrome 1 of 1 (100) 3 of 5 (60)

Stiff-person syndrome 1 of 1 (100) 2 of 49 (4)

AIDP, acute inflammatory demyelinating polyradiculoneuropathy.
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DISCUSSION

We demonstrated that TPE with 5% albumin supple-
mented with calcium gluconate and potassium chloride
can be completed uneventfully more than 75% of the
time. Of 581 procedures analyzed, complications
occurred in only 135 TPEs and mostly were technical
(n 5 86), followed by medical such as hypotension in
23 instances (4%), hypocalcemia in 16 (3%), and nau-
sea/vomiting in 6 (1%), among the most common.
Almost 90% of TPEs with venous access problems
could be completed, hypotension responded to saline
boluses, and hypocalcemia was mostly reversible with
a procedure pause followed by the subsequent decrease
in the infusion of citrate. Overall, 87% of TPEs with
complications were completed successfully (Table II).

Close clinical observation of patients undergoing
TPE suggests that most hypotensive episodes stem
from the patient’s inability to accommodate to rapid
fluid shifts, especially if there is underlying negative
fluid balance. In addition, hypotension may be a com-
ponent of hypocalcemia, when it is accompanied by
earlier signs such as circumoral paresthesia. Patients
who are sedated and intubated may, however, have
hypocalcemic toxicity manifested by hypotension
alone. Thus, in the event of hypotension, it is prudent
to stop the exchange, infuse saline until the blood pres-
sure improves, and restart the procedure at a slower
flow rate, which will lead to decreased amount of ci-
trate infused. Patients with neurologic conditions
appear to be at particularly high-risk of hypotension,
presumably due to autonomic involvement by the pri-
mary disease process. A recent paper reported a high
occurrence of reversible hypotension (27%) during
TPE for myasthenia gravis exacerbations [10]. How-
ever, an important difference between our study and
theirs was that saline was used as replacement fluid for
the first half of their procedures, which could have
caused hypotension due to decreased oncotic pressure.
We were unable to find another literature series that
evaluates the rate of complications during TPE exclu-
sively using 5% albumin. To avoid serious complica-
tions, apheresis specialists must closely monitor physio-
logical parameters such as blood pressure and heart rate
and perform necessary procedural adjustments as soon as
signs of hemodynamic compromise ensue. For patients
with small blood volumes, an initial saline bolus or a
positive fluid balance may preclude the need to stop and
treat established problems during the procedure.

It has been known that the rate of citrate delivered
to the patient is directly related to hypocalcemic symp-
toms [11]. We attribute the low prevalence of hypocal-
cemic symptoms in our patients to the low rate of ci-
trate delivery (0.26 mg/kg/min) as well as to our prac-
tice of adding calcium supplementation to the
replacement fluid. This dose of citrate is lower than
what modern apheresis instruments target (1.0–1.8 mg/

kg/min) to minimize the risk of hypocalcemia [12]. In
addition, a previous study reported that the frequency
of hypocalcemia in their patients was lowered from 9
to 1% when 10 ml of 10% calcium chloride was
administered 15 min into the procedure [13]. Our prac-
tice resembles that reported by Weinstein, which dem-
onstrated that continuous infusion of calcium gluconate
is associated with citrate reactions in 8.6% of proce-
dures, compared to 2.7% in this report [14]. Although
some have argued that routine administration of supple-
mental calcium during TPE may be unnecessary
because calcium homeostasis can be maintained by the
compensatory increase of parathyroid hormone [15]
and the shift of protein bound calcium to ionized cal-
cium pool [16], our very low rate of hypocalcemic tox-
icity with enhanced patient comfort and lack of adverse
events related to calcium supports the benefit of cal-
cium supplementation.

Another potential complication of TPE is hypokale-
mia associated with metabolic alkalosis due to citrate
[17]. In patients receiving large volumes of citrate dur-
ing TPE for TTP, we previously demonstrated a statis-
tically significant decrease in the post-TPE potassium
level associated with an increase in bicarbonate [17].
Although metabolic alkalosis did not occur in this
study, as expected, post-TPE potassium levels were
still statistically significantly lower than their pre-TPE
levels despite the routine addition of potassium chlo-
ride to the 5% albumin.

We have demonstrated that TPE with albumin and
continuous calcium and potassium supplementation are
safe and allow a very small rate of hypocalcemic reac-
tions. We suggest that physicians not currently using
calcium supplementation should consider using it as
standard practice.
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