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Abstract: Therapeutic plasma exchange (TPE) is a process that allows high molecular weight substances to be removed from
plasma. Therapeutic plasma exchange is widely used in many diseases in the practice of internal medicine. Current guidelines on
this process have been published in recent years due to increased awareness and accessibility. The most common and most
comprehensive of these is the American Apheresis Society (ASFA) guideline. In this study, we retrospectively determined the
demographic data, underlying diseases, biochemical parameters, volume and type of replacement fluid, complications developed
during and after the procedure, additional treatments, need for dialysis, and the number of sessions for patients who underwent
therapeutic plasma exchange for any reason in the internal medicine clinic aimed to reveal aspects that can be improved in clinical
practice. In the study, 117 patients between 2007 and 2016 were evaluated retrospectively. Of all cases, 63 (53.8%) were female. At
the time of diagnosis, the mean age of the patients was 52.15 + 16.8 (20-88) years. The most common indications for TPE were
thrombotic thrombocytopenic purpura (TTP) and ANCA-associated vasculitis. Fresh frozen plasma and albumin were the most
commonly used replacement fluids. Catheter related complication rate was 5.1%. The rate of complication related to TPE during
TPE was 19.6%. No fatal reactions to TPE treatment were observed. There was a significant relationship between alkaline
phosphatase (ALP) and mortality when the relationship between the laboratory data and the mortality rate of the patients with TTP
was considered (p = 0.002). There was a significant correlation between chlorine and hematocrit and mortality in ANCA-associated
vasculitis patients (p = 0.029 and p= 0.037, respectively). For the purpose of estimating mortality, further work is needed to confirm
the validity of these laboratory data. As a result; TPE is a useful, easy and effective life saving treatment with few side effects.
Keywords: therapeutic plasma exchange, TTP, ANCA-associated vasculitis, mortality

Ozet: Terapotik plazma degisimi (TPD) plazmadan yiiksek molekiil agirlikli maddelerin uzaklastirilmasini saglayan bir islemdir.
Terapétik plazma degisimi islemi i¢ hastaliklar pratiginde birgok hastalikta yaygin olarak kullanilmaktadir. Bu iglem ile ilgili son
yillarda farkindaligin ve ulagilabilirligin artmasima bagli olarak giincel kilavuzlar yayimlanmaktadir. Bunlardan en genel gecer ve
kapsamli olan1 Amerikan Aferez Cemiyeti (ASFA)’nin yayimladigi kilavuzdur. Bu ¢alismada, i¢ hastaliklari kliniginde herhangi bir
nedenle terapotik plazma degisimi yapilan hastalarin demografik verilerini, altta yatan hastaliklarini, biyokimyasal parametrelerini,
replasman sivisinin voliimii ve tipini, islem sirasinda ve sonrasinda gelisen komplikasyonlari, ek tedavileri, diyaliz ihtiyaci olup
olmadigini, seans sayilarini retrospektif olarak belirleyerek klinik pratikte gelistirilebilecek yonleri ortaya koyabilmek amaglandi.
Calismada 2007 ve 2016 yillar1 arasindaki, 117 hasta retrospektif olarak degerlendirildi. Tiim olgularin 63 (%53,8)’ii kadin, 54
(%46,2)’t erkekti. Tan1 aninda hastalarin yas ortalamasi 52,15 + 16,8 (20-88) yil idi. En sik TPD endikasyonu TTP ve ANCA
iligkili vaskiilit idi. Taze donmus plazma ve albiimin en sik kullanilan replasman sivilariydi. Katater iliskili komplikasyon orani
%05,1 idi. TPD siiresince TPD iligkili komplikasyon orani %19,6 idi. TPD islemi ile ilgili herhangi bir fatal reaksiyona rastlanilmadi.
TTP tamli hastalarin bagvuru anindaki laboratuvar verileri ile mortalite arasindaki iliskiye bakildiginda ALP ve mortalite arasinda
anlamli bir iligki bulundu (p= 0.002). ANCA iliskili vaskiilit hastalarinda ise klor ve hematokrit ile mortalite arasinda anlamli bir
iliski bulundu (sirastyla p = 0.029, p= 0.037). Mortaliteyi tahmin etmede kullanim amaciyla, bu laboratuvar verilerinin teyidi igin
ileri galismalara ihtiya¢ vardir. Sonug olarak; TPD, ¢ok az yan etki ile faydali, kolay ve etkili bir hayat kurtaran tedavi yontemidir.
Anahtar Kelimeler: terapotik plazma degisimi, TTP, ANCA iliskili vaskiilit, mortalite
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Therapeutic plasma exchange

1.

Therapeutic plasma exchange (TPE) is a
process which allows removal of high
molecular weight substances from the plasma
(eg immunocomplexes, endotoxins, myeloma
light chains, lipoproteins, cryoglobulins).
During the procedure, the patient's blood is
passed through a medical device and the
plasma is separated and replaced with
combinations of colloid (albumin and / or
plasma) or crystalloid / colloid solution. In
addition to elimination of high molecular
weight substances by plasma exchange,
replacement of missing essential factors is
also provided. TPE is indicated in addition to

Introduction

classical medical treatment in various
nephrological, hematologic, rheumatologic,
neurological, oncologic and multisystem

diseases [1, 2]. Before TPE treatment entered
clinical practice, the mortality of many related
diseases was high. However, with TPE
treatment, these mortality and morbidity rates
have improved significantly [3-5]. The
indication for TPE is often based on the
definitions in the guidelines of the American
Society of Apheresis (ASFA) [6, 7].

Apheresis, derived from a word that means
separating or removing it by force in Greek.
Apheresis was first tested on dogs in 1666 by
Dr. Richard Lower [8]. Therapeutic plasma
exchange was first applied in France in 1902
and in Russia in 1914 [9]. In the treatment of
hyperviscosity syndrome in 1960, the use of
TPE by Solomon and Fahey is acceptable as
the starting point of the nearest TPE we are
using today [10]. There is naturally more than
one subtype of apheresis treatment applied in
diseases in which pathophysiology is different
and many different branches are concerned.
Basically, application logic is similar, but
various subdivisions are available in the
literature, depending on who, how and for
what purpose [6, 7].

The aim of this study was to evaluate the
demographic data, underlying diseases,
biochemical parameters, volume and type of
replacement fluid, complications during and
after the procedure, additional treatments,
need for dialysis and number of sessions
retrospectively for patients who underwent
therapeutic plasma exchange for any reason in
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the internal medicine clinic and to reveal the
aspects that can be improved in clinical
practice.

2. Materials and Methods

Patients
In this study, data of 117 patients who had
undergone TPE for University Hospital
Department of Internal Medicine between
January 1, 2007 and January 1, 2016 were
examined after the approval of the local ethics
committee.

During the first phase of the study, the records
of the patients who underwent apheresis for
any reason during the specified dates were
examined at the University Medical Faculty
Blood Center Apheresis Unit. Only those who
applied TPE were recorded from these
patients, patients who had undergone other
procedures were excluded. patients who were
in the pediatric age group and/or who were
treated outside of internal medicine were not
included in the study.

The retrospective data of patients deemed
appropriate for inclusion in the study were
recorded in the apheresis unit records,
archives and electronic files. For each patient;
demographic data (age, gender), indications
for TPE and ASFA category, comorbid
conditions, TPE onset and ending dates,
duration of hospitalization, number and
frequency of TPE sessions, additional
immunosuppressive and/or chemotherapeutic
drugs, concurrent hemodialysis need and
persistence, the replacement fluid and volume
used, the response to TPE, the route of vein
used for TPE, and whether there were
complications related to the route of wvein,
complications related to TPE procedure were
recorded. The laboratory data included pre-
and post- TPE, complete blood counts (CBC),

creatinine, sodium, potassium, chlorine,
calcium, total protein, albumin, aspartate
aminotransferase (AST), alanine
aminotransferase (ALT), alkaline
phosphatase, gamma-glutamyl transferase
(GGT), lactate dehydrogenase (LDH),

bilirubin and erythrocyte sedimentation rate
were evaluated. Finally, information from the
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archive file and electronic records was
searched whether the patients were living or
not. The records of all patients in the hospital
information management system have been
reviewed in order to confirm the information
in the files or to complete the missing
information.

Statistical Evaluation

Analysis of the data was done with the IBM
SPSS 21.0 package program. The summary
values for the quantitative variables were
given as mean + standard deviation or median
(Q1-Q3). The summary values of the
qualitative variables are shown as frequency
and percentage. Normal distribution of
guantitative variables was investigated by
Shapiro-wilk test. Paired t test was used for
dependent groups with normal distribution
and Wilcoxon test was used for dependent
groups  without  normal  distribution.
Independent groups with normal distribution
were compared with independent samples by
T test, Mann-Whitney U test was used for

non-normal  distribution. The statistical
significance was accepted as p <0.05.

3. Results

The data of 117 patients who met the
inclusion  criteria  were  retrospectively
evaluated. Of all cases, 63 (53.8%) were
female. At the time of diagnosis, the mean age
of the patients was 52.15 + 16.8 (20-88) years.
The mean duration of TPE was 16,31 + 18,7
(1-96) days. The mean duration of
hospitalization was 29.74 + 20.0 (0-101) days.
The most common comorbid disease was
hypertension in 40 (34.2%) of the patients.
The demographic data of the examined
patients are given in Table 1. The laboratory
values of the patients on admission to the
hospital are shown in Table 2.

When we look at the diagnosis with TPE
indications; 35 (29.9%) patients had TTP, and
17 (14.5%) patients had ANCA associated
vasculitis. Laboratory data of these two groups
of patients are given in Table 3.

Table 1.Demographic data of TPE cases

Feature

Total (n=117)

Gender n, % | Female

63(%53.8)

Male
Age (mean + sd, min.-max.) / year

54 (%46.2)
52.15+ 16.8 (20-88)

TPE duration (mean + sd, min.-max.) / day 16.31+ 18.7 (1-96)
Length of stay (mean =+ sd, min.-max.) / day 29.74+20.0 (0-101)

Number of TPE sessions
(mean + sd, min.-max.)

9.95+ 10.0 (1-61)

TPE replacement fluid volume per session 8.91+ 2.4 (4-16)

(mean * sd, min.-max.)/unit
Comorbidity n, %

Hypertension

Diabetes mellitus
Chronic renal failure
Coronary artery disease
Hypothyroidism

40 (%34.2)
20 (%17.1)
20 (%17.1)
13 (%11.1)
13 (%11.1)

Cerebrovascular disease 9 (%7.7)
Atrial Fibrillation 7 (9%6.0)
Chronic obstructive pulmonary disease 7 (%6.0)

Other

55 (%47.0)

TPE; Therapeutic plasma Exchange
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Table 2.Laboratory data of TPE cases

Laboratory parameters
Leukocyte (10%/uL)
Neutrophil (10*/uL)
Hemaoglobin (g/dL)
Hematocrit (%)
Platelets (10°/uL)
MPV (fL)
Creatinine (mg/dL)
Sodium (mEg/L)
Potassium (mEg/L)
Chlorine (mEg/L)
Calcium (mg/dL)
Total protein (g/dL)
Albumin (g/dL)
AST (U/L)

ALT (U/L)

ALP (U/L)

GGT (U/L)

LDH (U/L)

Total bilirubin (mg/dL)
Indirect bilirubin
(mg/dL)

ESR (mm/h)

n
110
110
110
110
110
110
110
110
110
110
110
95
98
99
99
92
91
96
105
105

68

mean % sd, (Min.-max.)
9,52 + 6,16 (0,1-34,5)
7,53 +5,76 (0,0-31,0)
9,19 + 1,95 (5,1-15,9)
26,77 + 6,25 (5,9-46,2)
126,35 + 153,64 (3-1035)
8,71 + 1,46 (4,8-12,7)
2,54 +2,54 (0,2-14,3)
137,75 4,70 (126-158)
4,36 + 0,71 (3,0-6,3)
102,21 + 5,55 (88-119)
8,52 + 1,07 (6,0-15,6)
6,49 + 1,84 (3,7-13,6)
3,30 £ 0,82 (1,3-5,6)
97,34 £257,77 (9-2016)
67,01 £191,96 (1-1722)
239,62 +624,86 (27-6037)
68,81 £ 99,53 (4-676)

1448,56 + 1384,92 (270-10380)

2,45+ 4,62 (0,2-27,8)
1,24 + 1,62 (0,1-9,9)

63,66 + 42,57 (1-148)

MPV; mean platelet volume, AST; aspartate aminotransferase, ALT; alanine aminotransferase,
ALP; alkaline phosphatase, GGT; gamma-glutamyl transferase, LDH; lactate dehydrogenase,
ESR; erythrocyte sedimentation rate

Table 3.Laboratory data of patients with TTP and ANCA associated vasculitis

Laboratory data at TTP ANCA associated vasculitis

the time of admission  n mean.£sd, Median (Q1-Q3) n  mean.tsd, Median (Q1-Q3)
(min.-max.) (min.-max.)

Leukocyte (10%uL) 33 9,3045,14 8,70 (6,55-10,50) 17 12,46£7,12 11,3 (7,5-14,5)
(2,1-28,6) (4,9-34,5)

Neutrophil (10%/uL) 33 6,99+4.79 5,80 (4,30-8,25) 17 10,78+6,70 9,7 (5,7-12,7)
(1,6-26,6) (3,7-31,0)

Hemoglobin (g/dL) 33 9,1842,04 9,40 (7,60-10,30) 17 8,64+1,34 8,5 (7,4-9,3)
(5,1-13,9) (6,6-11,0)

Hematocrit (%) 33 26,57+6,00 26,0 (22,3-29,3) 17  2597+4,43 25,6 (22,3-28,5)
(15,0-40,4) (19,0-34,0)

Platelets (10°/uL) 33 47463 18 (11-58) 17 253+160 235 (129-354)
(3,0-295,0) (11,0-585,0)

MPV (fL) 33 8,67+1,79 8,7 (7,0-9,6) 17 8,75+1,08 8,8 (8,0-9,6)
(5,3-12,7) (6,8-10,9)

Creatinine (mg/dL) 33 1,95+2,37 0,9 (0,8-2,0) 17 3,84+2,11 3,7(1,8-5,9)
(0,4-11,6) (0,5-6,8)

Sodium (mEg/L) 33 139+5,28 140 (136-142) 17  136+4,14 137 (133-140)
(128-158) (129-142)

Potassium (mEq/L) 33 4,11+0,66 4,0 (3,6-4,4) 17 4,30+0,30 4,7 (4,2-5,4)
(3,0-5,8) (3,1-5,3)

Chlorine (mEg/L) 33 104+4,68 106 (102,5-108) 17 99+6,61 98 (95-102)
(88-111) (89-119)

Calcium (mg/dL) 33 8,59+1,07 8,50 (8,05-9,25) 17 8,28+0,54 8,3(7,8-8,7)
(6,0-11,3) (7,4-9,0)

Total protein (g/dL) 30  6,53+1,27 6,50 (5,9-7,1) 12 587+1,42 5,8 (4,6-6,9)
(3,9-10,0) (3,7-8,2)

Albumin (g/dL) 31 3,77+0,82 3,70 (3,3-4,4) 13 2,79+0,59 2,7(2,3-3,1)
(2,1-5,6) (2,1-4,0)

AST (U/L) 32 53+41,84 40 (22,5-65,0) 12 36+30,62 23 (14-61)
(17-206) (10-99)

ALT (U/L) 32 38+38,36 22 (16,2-45,7) 12 30+36,38 16 (8-51)
(5-188) (1-114)
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ALP (U/L) 30  190+124,33 153 (117,5-245,7) 12 1839830 158 (101-292)
(45-558) (56-330)

GGT (U/L) 30 3743111 23 (16,7-58,5) 12 90+84,70 64 (26-121)
(7-120) (16-274)

LDH (U/L) 31 1610+768,5 1739 (1032-2123) 12 617+182,01 595 (450-825)
3 (315- (383-879)
4110)

ESR (mm/h) 25 3942881 39 (13-51) 10 71+39,93 66 (45-101)
(1-101) (19-142)

TTP; Thrombotic thrombocytopenic purpura, ANCA; anti-neutrophil cytoplasmic antibody, ALT; alanine
aminotransferase, AST; aspartate aminotransferase; MPV,; mean platelet voliime, ESR; erythrocyte sedimentation

rate

Other few indications for TPE are; hemolytic

uremic syndrome (HUS), atypical HUS,
autoimmune  hemolytic  anemia, rapid
progressive  glomerulonephritis,  multiple

myeloma, waldenstrom macroglobulinemia,
systemic lupus erythematosus, acute liver
failure, ABO incompatible stem cell
transplantation,  thyrotoxicosis,  pre-renal
transplantation, cryoglobulinemia,
hyperbilirubinemia, chronic liver failure, pure
red cell aplasia, IgA nephropathy, henoch-

Table 4.Data of patients according to primary disease

n Additional
TPE reason % trea(tnn)went P c
R R
Methylpred (26)
35 Rituximab (10)
TP (%29,9) Cyclophosphamide 16 9
@
3
HUS (%2,6) Methylpred (2) 1 0
Methylpred (6)
- 9 Eculizumab (4)
Atipical HUS (%7,7) Cyclophosphamide 4 !
(@)
4
AIHA (%3.4) Methylpred (3) 1 2
1 Methylpred (1)
RPGN (%0,9) Cyclophosphamide 1 0
(©)
9 Methylpred (5)
MM (%7,7) Cyclophosphamide 1 2
(©)
5 Methylpred (1)
WMG (%4,3) Cyclophé)ls)phamide 0 2
Methylpred (17)
ANCA 17 .
vasculitis (%14,5) Cyclophosphamide 7 2

(16)
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schonlein purpura vasculitis, antiphospholipid
antibody syndrome. There were 47 patients
with TTP, HUS and atypical HUS. 46 (%97,9)
of these patients had microangiopathic
hemolytic anemia (MAHA), 45(%95,7) had
thrombocytopenia, 14 (%29,8) had fever, 15
(%31,9) had neurological signs, and 26
(%55,3) had azotemia.

117 patients' diagnoses, responses to
treatment, and TPE -related complications are
given in Table 4.

Results
(n) TPEI_reIatl_ted H/D
No No complications )
response  data ()
No (25) No(28)
Hypocalcemia / Permanent
8 2 Arrhythmia (1) (6)
Allergy (2) Temporary
Hypofibrinogenemia (7) 1)
Permanent
2 0 No (2) @)
Hypofibrinogenemia (1) Temporary
@
No (2)
No (8) Permanent
4 0 Hypofibrinogenemia (1) ()
Temporary
(@)
No (2)
No (2) Permanent
1 0 Hypotension / Syncope (1) @)
Hypofibrinogenemia (1) Temporary
(@)
0 0 No (1) No (1)
No (7)
Permanent
5 1 No (9) @)
1 2 No (5) No (5)
No (12) No (4)
8 0 Hypocalcemia / arrhythmia ~ Permanent
1 (11)
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1 Methylpred (1)

SLE (%0,9)  Clophosphamide (1) *
Acute Liver 1 1
Failure (%0,9)
ABO Methylpred (3)
incompatible 7 Cyclophosphamide 0
Stem Cell (%6,0) 2)
Transplant
Thyrotoxicosis (%i,S) 3
Methylpred (13)
20 Cyclophosphamide
Other %17,1) (5) 5

Rituximab (1)

Methylpred; metilprednizolon, PR; Parsiyel response, CR; Complete response ,

Allergy (1) Temporary
Hypotension / Syncope (1) @
Leukopenia (2)
0 0 Hypofibrinogenemia (1) No ()
0 0 Hypocalcemia / No (1)
Arrhythmia (1)
. 0 No (7) No (7)
) o No (5) No (5)
No (14)
No (18) Permanent
10 1 Hypocalcemia / @)
Arrhythmia (1) Temporary

Hypofibrinogenemia (1) @3)
H/D; hemodialysis, TPE; therapeutic plasma

exchange, TTP; thrombotic thrombocytopenic purpura, HUS; hemolytic uremic syndrome, AIHA; autoimmune hemolytic anemia,
RPGN; rapid progressive glomerulonephritis, MM; multiple myeloma, WMG; waldenstrom macroglobulinemia, ANCA; anti-
neutrophil cytoplasmic antibody, SLE; systemic lupus erythematosus,

The number of TPE patients per day was 100
(85.5%). In 93 (79.4%) of the patients, fresh
frozen plasma and albumin were used
together. In 12 (10.3%) patients only fresh
frozen plasma was used, in 12 (10.3%)
patients, data were not available for the
replacement fluid used.

75 (64.1%) patients are known to have a
catheter site. Of these, 47 (40.2%) were
juguler, 18 (15.4%) were femoral and 7
(6.0%) were subclavian catheter. 111 (94.9%)
patients had no catheter related complications.
5 (4,2%) patient bleeding, and 1 (0,9%)
patient thrombus was detected. 111 (94.9%)
patients did not have catheter infection. Six
(5,1%) of the patients had evidence of
catheter-related infection.

When the final status of the patients was
evaluated, 55 (47%) were still living and 62
(53%) were ex. As a result of the information
obtained from the hospital archive files and
electronic files, 33 (28%) patients were found
to be exitus. It was determined that 4 (12%) of
these patients were ex during TPE, others
were at any time after TPE treatment. 25
(76%) of these 33 patients had sepsis, 4 (12%)
had cardiopulmonary arrest, 2 (6%) had adult
respiratory distress syndrome (ARDS), 1 (3%)
had gastrointestinal system (GIS) bleeding,
and 1 (3%) had multiple organ failure. In
order to obtain information about the life
status of the other patients, a questionnaire
was made from the hospital information
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management system and 29 (25%) patients
were found to have died out due to an
unknown reason outside the hospital.

When there is a relationship between
mortality and laboratory data of patients with
TTP, which is the most common TPE
indication in our study, there was no
statistically significant difference between the
parameters except alkaline phosphatase (p>
0.05). The median value of alkaline
phosphatase at the time of presentation of
surviving TTP patients was 135 (76.5-172.2)
U/L. The median value of patients in the
exitus condition was 226 (155.7-344.2) UJ/L.
There was statistically significant difference
between two values (p = 0.002).

When there is a relationship between
mortality and laboratory data of patients with
ANCA associated vasculitis, which is the
second most common TPE indication in our
study, there was no statistically significant
difference between the parameters except
hematocrit and chlorine (p> 0.05). The
median value of hematocrit at the time of
presentation of surviving ANCA associated
vasculitis patients was 28,58 % =+ 4,07. The
median value of patients in the exitus
condition was 24,14 % =+ 3,85. There was
statistically significant difference between two
values (p = 0.037). The median value of
chlorine at the time of presentation of
surviving ANCA associated vasculitis patients
was 95,29 + 3,98 mEq/L. The median value of
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patients in the exitus condition was 102,20 +
6,73 mEg/L. There was statistically
significant difference between two values
(p =0.029).

4, Discussion

TPE is widely used in many diseases in the
practice of internal medicine. Current
guidelines on this process have been
published in recent years due to increased
awareness and accessibility. The most
common and most comprehensive of these is
the ASFA guide [11]. There is also a national
apheresis guide published by the Turkish
Apheresis Society in our country [12]. In our
study, it is seen that the majority of patients
who underwent TPE in clinical practice of
internal diseases were patients with TTP
(29.9%) and ANCA related vasculitis
(14.5%). There are different data in the
literature depending on the planning scheme
of the studies and the patient population of the
centers. In order to have more healthy
information in this regard, further studies are
needed in which all apheresis centers in
Turkey are included in a single information
management system and an evaluation is
made under these data.

It is known that female gender is more
prevalent in TTP, which constitutes the
majority of TPE indications in our study [13-
16]. TTP and ANCA-associated vasculitis are
more common in the 4th and 5th decades in
the population [16, 17]. In our study, it was
seen that the number of female patients (63,
53.8%) was higher than the number of male
patients (54, 46.2%). The mean age of the
patients in our study was 52.1 £ 16.8. The
reason for this difference between genders is
thought to be due to the high number of
patients with TTP, and the age average is
similar to the literature.

Patients who underwent TPE for any reason in
the internal medicine clinic were included to
study. These patients formed a heterogeneous
community. Because of this heterogeneity; it
was thought that the duration of TPE ranged
from 1 to 96 days and the length of
hospitalization ranged from 0 to 101 days. On
the other hand, there has not been any
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literature information in recent years. In a
study of Kim et al. involving 52 patients, 353
TPE sessions were performed and the median
number of sessions per patient was found to
be 5 (1-32) [14]. In a study of Samanci et al.
inolving 110 patients, 734 TPE sessions were
performed and the average number of sessions
per patient was 6.6 = 4.3 (1-25) [1]. Yilmaz et
al. in a study of 330 patients in the intensive
care unit in 10 years reported that a total of
1188 TPE sessions were performed. In this
study, no average value per patient was given,
but 83.7% of patients were reported to be
receiving 1 to 5 TPE sessions [18]. A total of
1164 TPE sessions were performed in our
study and the average number of sessions per
patient was found to be 9,95 + 10,0 (1-61).
From this point of view, we found that our
study was somewhat higher in terms of mean
value and a wider range of TPE treatment was
performed and was not similar to the
literature. This is thought to be due to
heterogeneity in our patients.

Plasmapheresis as a medical procedure is not
an uncomplicated procedure. Severe and life-
threatening complications can be seen
between 0.025% and 4.75% [19, 20]. When
isolated deviations from normal values in
laboratory tests such as reduced hemoglobin,
thrombocytopenia, hypokalemia,
hypofibrinogenemia are included, it is thought
to be between approximately 25% and 40% of
the total incidence of complications [21-23].
There are studies in the literature where
plasmapheresis-related  complications are
widely analyzed and presented [22, 24]. In a
study involving 370 TPE procedures
performed by Wojciech Szczeklik et al. in 54
intensive care patients in 2013, 88.9% had no
complications. Life-threatening complications
in this study were shock (%1,08), arrhythmia
requiring pharmacologic therapy (0.81%) and
haemolysis (0.27%). Not life-threatening
complications were; hypotension (7,30%),
arrhythmia (2,7%) requiring fluid therapy or
spontaneous resolution, anxiety and agitation
(1,35%), chills and paresthesia (1,08%),
allergic reaction (0,81%), lower extremity
pain (0,81%), fever (0,54%), abdominal pain
(0,54%) and eyelid tremor (0,27%). [25]. In
another study performed by Benitez et al. in
20 intensive care patients in 2005, the most
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common complications were; hypocalcemia
(50%), hypotension (42,1%), coagulopathy
(35%), hypokalemia (29%), rash (20%),
process related infections (18%) and fever
(10%). There were no fatal reactions
associated with TPE in this study [26]. In our
study, no complication was observed in the
majority of patients (80.3%) when the
complication rates were considered during
TPE procedure, while mild complications
were seen in the remaining patients. These
complications include; hypofibrinogenemia
(10,3%), hypocalcemia (3,4%), allergy
(2,6%), hypotension / syncope (1,7%) and
leukopenia (1,7%). Exitus occurred in only 4
cases during TPE, and the cause of exitus was
found to be related to primary disease in these
patients. No fatal reactions to TPE treatment
were observed. From this point of view, our
study was found to be consistent with the
literature. It should be kept in mind that the
complication rates may be higher and some
slight signs of mild reactions may not be kept.

In the study of Samanci et al., 2 (100%)
patients with paraneoplastic neurological
syndrome, 8 (72,7%) patients with HUS, 11
(64,7%) patients with RPGN, 2 (50%) patients
with MM, 1 (50%) patient with SLE, 7
(26.9%) patients with renal transplant, 9
patients (50%) with ANCA associated
vasculitis were required to have hemodialysis
as well as plasmapheresis at the time of
admission. [1]. In this study, TPE and
hemodialysis procedures were performed on
successive days and 23.1% of patients with
renal transplant, 35.3% of patients with
RPGN, 36.4% of patients with HUS, 16.7% of
patients with ANCA-associated vasculitis, all
patients with paraneoplastic neurological
syndrome, 50% of patients with SLE, 16.7%
of patients with FSGS, and 25% of patients
with MM were found to be hemodialysis-
dependent [1]. In our study, it was seen that
40 (34.2%) patients needed hemodialysis and
29 (24.8%) of all patients, this hemodialysis
requirement became permanent. In subgroups,
28 (80%) of our patients with TTP, one of the
two most common indications for TPE, did
not require hemodialysis and were temporary
in 1 of the hemodialysis patients and
permanent in 6 remaining patients. When we
looked at ANCA-associated vasculitis, which
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was the second most common indication, 4
(23.5%) patients did not need hemodialysis
and 13 (76.5%) patients needed hemodialysis.
Hemodialysis is permanent in 11 of these
patients. It is thought that the need for
hemodialysis is higher in our patients with
ANCA-associated vasculitic disease, while
the low plasma plasmapheresis response
should be considered as a factor.

TTP, is a systemic disease characterized by
platelet aggregation and thrombi that leads to
occlusion in the microvascular circulation of
the body [16]. This disease is closely related
to HUS, sometimes overlapping and more
broadly, these diseases are defined as
thrombotic microangiopathy [27]. As a
classical pentad; fever, hemolytic anemia,
thrombocytopenia, renal insufficiency,
neurological findings are not universal and
highly variable [3, 28]. Some older studies
have reported that between 5% and 40% of
classical pentad is diagnosed at the time of
diagnosis [29]. Fever is uncommon and
reported to occur in only 24% of patients with
TTP in a randomized controlled trial [3]. The
HUS and atypical HUS are also a group of
thrombotic microangiopathy and additionally
include renal impairment and failure [30]. In a
retrospective multicentre study involving 163
patients with TTP diagnosed by Korkmaz et
al. thrombocytopenia 163 (100%), MAHA
163 (100%), neurological abnormalities 135
(83%), renal insufficiency 128 (79%), fever
145 (89%) were reported. In this study, the
number of patients including 4 of the 5 criteria
was 17 (10.4%) and including 3 of the 5
criteria was 17 (10.4%). The classic pentad
was only 10 cases (6.1%) [13, 15, 31]. In our
study, 47 patients with TTP, HUS and
atypical HUS; microangiopathic hemolytic
anemia were found in 46 (97.9%),
thrombocytopenia 45 (95.7%), fever 14
(29.8%), neurological findings 15 (31.9%)
and azomemia 26 (55.3%). Examination of
the file of 1 patient without microangiopathic
hemolytic anemia revealed that the data of the
registered laboratory could not be reached. In
the same way, 2 patients without
thrombocytopenia were not able to access
laboratory data. In fact, when we excluded
these patients, we found that MAHA and
thrombocytopenia were found in all patients.



Osmangazi Tip Dergisi, Ocak 2020

Fever, neurological findings and azotemia
were variable rates. The variability in
neurological findings is thought to be due to
the inadequacy of file recordings. While the
frequency of MAHA and thrombocytopenia is
similar to the literature, our other findings are
different.

In the literature, it is suggested that plasma
exchange should be used to until improve the
patient's current clinic level or acute status,
especially microangiopathic haemolytic states
such as TTP, atypical HUS [6, 7, 12]. In our
study, 100 (85.5%) patients were TPE every
day during the acute phase of the disease, in
the following days the transaction frequency
was gradually reduced. In this respect, our
study was found to be consistent with the
literature. In some patients, it is not possible
to make a definite diagnosis with the present
clinical and laboratory signs and symptoms;
but it is vital that the therapeutic plasma
exchange process required by the nature of the
disease is not delayed. We also found that
patients with this condition were also present,
these patients were diagnosed on the one hand
and the therapeutic plasma exchange process
was started as soon as possible. However, in
the following days, a small number of these
mentioned patients have been removed from
the pre-diagnosis at the time of admission, and
when it is understood that the therapeutic
plasma exchange process is not needed, the
process is terminated. As new developments
occur in the diagnosis, the amount of
unnecessary therapeutic plasma exchange
operation will decrease in a serious way.

It is recommended in the literature to use fresh
frozen plasma and/or albumin depending on
the indication for TPE treatment [3, 31-35]. In
a study by Stefanello et al. in 2014,
cryoprecipitate-poor plasma and fresh frozen
plasma were compared in newly diagnosed
TTP patients. More TPE sessions, higher
plasma exposures, and acute exacerbations
were seen at higher levels in the
cryoprecipitate-poor plasma. Therefore, it has
been reported that it should not be used in
primary care [36]. In a retrospective study of
Kaya and his colleagues in neurological
diseases; In the TPE procedure, 66% of the
patients had albumin and 34% of fresh frozen
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plasma [37]. In a study performed by Erkurt et
al. in hematologic diseases in 2013, it was
stated that fresh frozen plasma was used in all
44 patients as TPE replacement fluid [38]. In
our study, records of TPE replacement fluid
were not available in 12 of 117 patients; 93
(79.4%) of the patients were using fresh
frozen plasma with albumin and 12 (10.3%)
patients were using only fresh frozen plasma.
Plasma use was compatible with the literature,
but albumin was found to be overused. The
rate of albumin use in internal medicine
applications is lower in the literature. In this
respect, our study was not compatible with the
literature.

Sufficient venous flow must be provided for
the success of the TPE procedure. The
preferred way of vascular access varies from
hospital to hospital. Peripheral venous use can
reduce TPE -related morbidity, but the
peripheral antecubital venous used for this
purpose must be sufficiently wide, otherwise,
a central venous route should be preferred. In
most US healthcare facilities, central venous
tracts are seen to be used predominantly [39].
In the study Kaya and his colleagues
performed in 2013, 66% of the patients used
central venous catheters and 34% used
peripheral venous pathways [37]. Guptill et al.
found that 75% of the patients preferred
peripheral venous lineage [39]. In our study,
the central venous route was used in the
majority of patients (64.1%). However, in 42
(35.9%) patients, no record was found. In
these patients, it was thought that large
peripheral arterial routes were used but no
notes were placed in the file.

A study of McGuckin et al. in patients with
TTP who underwent TPE procedure in 2013,
reported no catheter-related infection or
thrombosis [40]. In the study of Samanci et al.
1 (0.9%) hematoma was seen as catheter
related complication and no catheter-related
infection [1]. In the study of Eren et al., No
catheter-related complication was found in
any patient [2]. In our study, catheter-related
complications were found to be very rare,
similar to the literature. Only 5 patients
(4.3%) had hemorrhage and 1 patient (0.9%)
had thrombosis; catheter related complications
were not observed in the remaining 111
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(94.9%) cases. Likewise, catheter-related
infection was very rare and 111 (94.9%)
patients did not have any infection. It has been
thought that the maximum attention to
antisepsis during the time from the insertion
of the vessel line used for TPE treatment to
the completion of the treatments is thought to
provide a low rate of catheter-related infection
in our study. It is desirable to reduce all
complications to zero. For this; it is very
important to place the wvessel to the
experienced hands in case of imaging as
needed, pay attention to the antisepsis
throughout the entire hospital stay, and
remove the catheter when it is not necessary.

Various studies investigating the risk factors
for mortality in TTP are available in the
literature. In an earlier study that Pereira et al.
did; there was a relationship between response
and age, stupor or coma, delay in TPE
procedure, plasma fibrinogen level, but was
not to early death or survival status and only
could be considered as a preliminary variable.
There was no correlation between laboratory
data and mortality in this study [41]. An
earlier study by Patton et al. reported that
serum LDH level and thrombocyte count in
the third day of TPE process, were associated
with survival [42]. In an earlier study by
Hollenbeck et al., no significant predictor of
mortality was found [43]. A 24-year study of
178 patients by Levandovsky et al. in 2008
found that the best predictive factor for
mortality was the underlying serious disease.
What is interesting in this study is that the
presence of renal insufficiency is associated
with a reduction in relapse risk [44]. In a
study performed by Goel et al. in TTP patients
treated with TPE in 2016, platelet transfusion,
intracranial haemorrhage, arterial thrombosis,
myocardial infarction, ischemic stroke, age
greater than 60 years, and renal insufficiency
as risk factors [45]. When we look at the
literature, there is no definite laboratory data
suggesting that there may be a relationship
between TTP and mortality. When we
examined patients with TTP in our study, we
found a significant relationship between the
ALP value at the time of admission and
mortality. The result is that mortality is higher
in patients with high ALP values. However,
there is a need for randomized controlled
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trials with higher patient numbers to arrive at
a definite conclusion.

There are various data on mortality in the
literature on ANCA-associated vasculitis. In a
study performed by Hogan et al, pulmonary
haemorrhage, c-ANCA positivity in place of
p-ANCA, use of corticosteroid alone instead
of cyclophosphamide combination was
associated with mortality [46]. In a recent
study performed by Weiner et al, advanced
age, high creatinine, low BVAS score were
associated with high mortality rates. In the
same study, high creatinine level at diagnosis
was found to be the only significant predictive
factor for renal survival [47]. In a study
performed by Qing-ying et al. in patients
diagnosed with 398 ANCA-associated
vasculitis in 2014, advanced age, pulmonary
involvement, and initial renal function were
associated with all-cause mortality at
admission. During follow-up, secondary
infections were also associated with all-cause
mortality [48]. In our study, when patients
with  ANCA-associated  vasculitis  were
examined, there was a significant relationship
between hematocrit value and mortality at
admission. It was concluded that mortality
was higher in patients with low hematocrit
values. Another significant difference in the
same patient group was the chlorine value of
the applicant. According to this, high
mortality was observed at high chlorine level.
It seems that there is a need for randomized
controlled studies with higher patient numbers
to confirm the information that is generated
about these two parameters and to reach a
definite result.

Reported case-fatality rate for TPE is reported
to be around 3-5 (0,03-0,05%) at 10,000 [22,
49]. Since 1989, there are more than 50 deaths
associated with TPE, respiratory and cardiac
complications are the most common causes
[50]. Cardiac arrhythmias are frequently
observed, especially when plasma is used.
Suspected etiology is thought to be a reduced
ionized calcium concentration but the cause-
and-effect relationship has not yet been
proven. Among respiratory deaths; Symptoms
of ARDS and non-cardiogenic pulmonary
edema have only recently been observed in
death, and these patients are receiving plasma
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infusion  also.  Anaphylaxis,  vascular
complications, hepatitis,  sepsis  and
thrombosis are the other less frequent causes
of death [51]. In our study, no fatal reaction to
TPE treatment was found. There were 33
patients with known death cause. 25 (76%) of
these patients had sepsis, 4 (12%)
cardiopulmonary arrest, 2 (6%) ARDS, 1
(3%) GIS bleeding, 1 (3%) multiple organ
failure. It is known that sepsis is common
among the causes of death in intensive care
patients. The most common reason for this is
plausible. Although catheter-related infection
iS uncommon, intensive care has a
predisposition to septicemia due to the nature
of the diseases and the intensity of
interventional procedures. Secondly,
cardiopulmonary arrest is thought to reflect
cardiac arrhythmia or myocardial infarction.
The data in this area is insufficient and it is
thought that the records should be kept more
carefully. In patients with TPE, a greater
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