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Abstract

The aim is this study was to make the etiological classification of patients diagnosed with TMA in our region and to statistically evaluate the effect of therapeutic plasma
exchange, which we use in treatment, on laboratory recovery and mortality. In our study, between 2009-2017, 85 patients diagnosed with TMA in our center evaluated
retrospectively. Thirty- one (36.5%) of our patients were followed up with HELLP, 23 with thrombotic thrombocytopenic purpura (TTP) (27.1%), 20 (23.5%) snake bites,
and 11 (12.9%) with atypical hemolytic uremic syndrome (aHUS). TPE treatment was performed in all patients. TPE treatment was found effective in patients with HELLP
syndrome, TTP and snake bite and statistically significant improvement was obtained in laboratory parameters (p<0.05). However, TPE treatment was not found to be
effective in the treatment of atipical HUS (p>0.05). Mortality rates were found 9.7%, 21.7%, 27.3%, and 0% in patients with HELLP Syndrome, TTP, aHUS, and snake
bite, respectively. The primary treatment in HELLP syndrome was termination of pregnancy, it was observed in our study that TPE was effective in TTP, HELLP syndrome

and snake bites and treatment should be started without delay.
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Introduction

Thrombotic microangiopathy (TMA) is characterized by ischemic
tissue damage caused by microangiopathic hemolytic anemia,
thrombocytopenia and microthrombi in various tissues. The
presence of fragmented erythrocyte (schistocyte) in peripheral
smear, laboratory findings due to mechanical hemolysis (non-
immune hemolytic anemia, lactate dehydrogenase increase, indirect
bilirubin increase, haptoglobin decrease and reticulocytosis)
and normal routine coagulation parameters strongly supports
the diagnosis of TMA [1]. In peripheral smear, more than 1% of
schistocytes are considered pathological and suggest TMA [2,3].

TMA can be divided as primary and secondary [4,5]. Primary TMA
causes are TTP and aHUS, occur spontaneously, regardless of an
underlying condition. Secondary TMA causes include pregnancy
(HELLP syndrome), autoimmune diseases, malignancy, bone
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marrow transplantation or the use of certain medications [6,7].
The differentiation of the etiology is of utmost importance as the
pathophysiological basis will dictate the choice of appropriate
treatment [8].

Therapeutic plasma exchange (TPE) is the replacement process
where mostly allogenic plasma is used as a replacement fluid for
therapeutic purposes [9]. This method makes possible the removal
of pathological substances, such as antibodies, immune complexes,
cryoglobulins, immunoglobulin light chains, cytokines, adhesion
molecules, and endotoxins, while also allowing the replacement
of missing plasma components. This treatment achieves dramatic
responses in various conditions, especially some forms of
thrombotic microangiopathies [10].

In our single center study, we aimed to evaluate the etiological
classification of patients with TMA and emphasize the benefits of
TPE treatment.

Materials and Methods

Eighty-five patients who were diagnosed with TMA and TPE
performed between 2009-2017 were included in the study. This
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study was approved by monu University Ethics Committee
(approved number: 2017/3-9).

As a prerequisite for diagnosing TMA, thrombocytopenia in
hemogram and fragmented erythrocytes (schistocytes) in peripheral
smear are mandatory. ADAMTS13 level could not be studied at
the time of diagnosis due to technical insufficiency. Patients were
diagnosed as TMA clinically and laboratory. In our study, the
control group could not be included because TPE was applied to
all our patients followed up with a preliminary diagnosis of TTP.

Temporary dual-lumen dialysis catheters were inserted into
the patients before TPE. The latest generation cell separator
apheresis device [Spectra Optia apheresis system (Terumo BCT)]
was used in performingthe procedure. Daily clinical, laboratory
and peripheral smear findings were followed and decided for
continuation of TPE. Plasma volume to be used in one session was
calculated with the formula: Estimated plasma volume =0.07x(kg)
x(1- hemotocrit). One ampoule of calcium gluconate and one
ampoule of dexamethasone were injected before the procedure
to prevent hypocalcemia and allergic reactions. Daily TPE was
performed until the platelet count exceeded 100.000/uL and LDH
was normalized. Fresh frozen plasma was used as the replacement
fluid in all procedures.

In all patients, age, hemoglobin (Hgb) values, leukocyte, platelet
count, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin (TB), direct bilirubin (DB), blood urea
nitrogen (BUN), creatinine, prothrombin time (PT), partial
thromboplastin time (aPTT), international normalized ratio (INR),
lactate dehydrogenase (LDH) levels were evaluated both before
and after plasma exchange. Patients' complete blood counting
(CBC) was performed with the impedance method on Beckman
Coulter Immage (Beckman Coulter, California, USA) device; Hgb
photometric method, leukocyte subgroups by laser method; serum
BUN, and creatinine by Aeroset Abbott (AbbottLaboratories,
Minnesota, USA) spectrophotometric method.

Table 2. Laboratory values of TMA patients before and after TPE
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Statistical Analysis

Values recorded to SPSS 17.0. Data on quantitative variables were
presented as mean =+ standard deviation and median (min-max),
and data on qualitative variables were presented as numbers and
percentages (%). Statistical evaluation was determined by the
ShapiroWilk normality test that quantitative variables did not show
normal distribution (p<0.05). Wilcoxon test was used to test the
change ofbefore and after plasmaexchange. Longrank test were used
to evaluate the effect of plasma exchange on overall survival among
groups and in the general patient population. Statistical evaluation
of qualitative variables was done by Monte Carlo Chi Square
method. A p value <0.05 was considered statistically significant.

Results

In our study, HELLP syndrome was the most common type of
TMA (36.5%). The frequency of TTP, snake bites, and aHUS was
27.1%, 23.5%, and 12.9%, respectively. In totally, 85 patients
were included in the study. Group 1 included 31 patients with
a diagnosis of HELLP syndrome (31 female, 0 male), group
2 included 23 patients with TTP (14 women, 9 men), group 3
included 20 patients with the diagnosis of snake bites (3 females,
17 males), and finally group 4 included 11 patients with aHUS (6
females, 5 males). (Table 1).

Table 1. Distribution of TMA patients by etiology

HELLP syndrome n, (%) TTP aHUS Snake Bites

Female 31 14 6 3

Male 0 9 5 17
Total 31 23 11 20
Age, Median (Range) 31.0 40.7 395 49.5

Since laboratory values including platelet, AST, ALT, LDH, TB
and DB were examined in patients with HELLP syndrome, the
values before and after TPE was found statistically significant
(p<0.05) (Table 2).

Parameters, HELLP HELLP TTP TTP Atypical HUS  Atypical HUS  Snake Bite Snake Bite
Median Syndrome Syndrome (Before) (After) (Before) (After) (Before) (After)
(Range) (Before) (After)

WBC (Median) 13.5(7.7-34.0) 11(4-25) 11.8(3.8-73)  9.4(3-29.9) 103 (1.40-20.9) 10.3(1.4-20.9)  14.1 (3.6-25)  12.4(1.4-738)
HGB (Median) 10.4(7.7-34.0) 10(5-15) 8.9(5-12.8)  102(6.9-13.5) 8.6(6.1-11.6) 8.6(6.1-11.6) 124 (6.6-18.8) 9.4 (4-18.8)
Platelet (Median) 64(10-279) 168(26-463) 23(5-103) 187(7-629) 72 (9-338) 72 (9-338) 78 (9-276) 58 (5-336)
INR(Median) 1.0(0.8-2.30) 1.0 (0.8-1.6) 1.1(1-2.9) 1.10.9-1.6)  L1(0.78-1.6)  1.1(0.78-1.6)  1.2(0.9-2.1)  1.1(0.78-2.9)
aPTT (Median) 30.4(23.4-200) 29.4(16.6-91.6) 26.6(11.6-41)  25.1(20-67)  31.7(24-45)  31.7(24.7-45) 28.45(12.6-300)  29(11.6-300)
PT (Median) 12.109.1-262)  11.98.8-104.7)  13.5(11-31)  13(9.9-193)  12.3(8.9-15.6) 12.3(8.9-15.6) 14.15(10.4-22.8) 14.1(10.4-22.8)
AST(Median) 198 (19-6235)  31(11-327)  79(21-2052)  21(10-1575)  26(17-122) 26(17-122) 19 (33-13) 33 13-95)
ALT (Median) 122 (11-2927) 35 (6-111) 33(13-1086)  82.8(11-405) 26 (7-122) 26 (7-62) 21.5(11-59) 21.5(11-59)
LDH (Median) 1061(254-12235)  285(190-1086)  1682(455-4589) 290 (163-1984) 548(315-1995)  548(315-1995)  309(152-637)  309(152-637)
(Tﬁeg?;il)bi“mbi“) 142(02-46)  0.86(0.12-5)  3.24(0.63-7.15)  0.6(0.1-14.5)  1.25(0.52-4.84) 1.25(0.52-4.84) 0.56(0.33-5.02) 0.56(0.33-5.02)
ﬁeg‘?af)ctbﬂimbin) 0.56(0.1-30) 034 (0.1-4)  0.58(0.24-3.10) 0.26(0.05-8.16) 0.48(0.10-1.11) 0.48(0.1-1.11)  0.22(0.1-30)  0.22(0.1-0.7)
Creatinine (Median) ~ 1.0(0.4-6.0)  0.7(0.5-6.92)  1.45(0.5-8)  0.88(0.64-4.96) 1.46(0.64-16)  1.46(0.64-16)  0.76(0.42-2.26) 0.76(0.42-2.26)
BUN (Median) 17(5-100) 19 (7-125) 36 (6-93) 21(4.1-89) 48(6.8-125)  48(6.8-125) 18 (10-32) 18 (10-31)
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When laboratory values including platelet, AST, TB, DB, LDH
and creatinine were examined in TTP patients, the values before
and after TPE was statistically significant (p<0.05). When platelet,
INR, PT and ALT laboratory values were examined in patients
followed by snake bites, the change before and after TPE treatment
was found statistically significant. (p<0.05). None of the laboratory
values compared before and after TPE in aHUS patients were

Table 3. P values of laboratory findings of TMA patients before and after TPE
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found statistically significant (p<0.05) (Table 3). The most common
complications associated with the procedure were chills and tremors.
There was no serious complication related to the procedure.

Of the patients, 11 patients (12.94%) died dur to underlying
process. Mortality rates are displayed in table 4. We had no
mortality in patients with snake bites.

HELLP Syndrome TTP Atypical HUS Snake Bite

WBC 0.007 0.330 0.790 0.191
HGB 0.778 0.163 0.533 0.52
Platelet 0.001 0.001 0.075 0.002
INR 0.965 0.175 0.865 0.011
aPTT 0.336 0.773 0.386 0.668
PT 0.530 0.093 0.128 0.008
AST 0.001 0.002 0.657 0.925
ALT 0.001 0.394 0.306 0.001
LDH 0.001 0.001 0.155 0.324
TB (total bilirubin) 0.004 0.001 0.534 0.15
DB (direct bilirubin) 0.001 0.004 0.894 0.19
Creatinine 0.344 0.016 0.286 0.387
BUN 0.018 0.555 0.477 0.640
Table 4. Mortality rates of the groups

HELLP syndrome n, (%) TTP Atypical HUS Snake Bite
Death Toll 3 3 0
Y% 9.7 21.7 273 0
Survivors 28 8 20
Y% 90.3 78.3 72.7 100
Total 31 11 20
% 100 100 100 100
Discussion reported as 1-25% in the literature [11,12]. Eser et al. reported that

Barbour et al. stated that the etiological classification of TMA
should be improved and this development would provide a good
guide for prognosis and treatment. We think that etiological
evaluation will accelerate the diagnosis and decrease the mortality
rate. Although it is reported in the literature that there are more
primary TMAs, secondary TMA is more observed (60%) in our
study. There are two studies in the literature on the etiological
classification of TMA [4,5].These studies evaluated the pediatric
age groups in contrary to our study. The most common cause of
TMA in the pediatric age group has been reported as TTP, and
Shiga toxin-related hemolytic uremic syndrome (STEC-HUS) In
our study, the most common causes of TMA was HELLP syndrome,
and TTP. HELLP syndrome is a disease of adult age group, so may
have an impact on the different etiological ranking. In our study,
snake bite was the third most common reason for TMA.

The findings of our study were compatible with the literature.
In the study conducted by Martin et al. mortality rate in HELLP
syndrome was 3.2%, in another study conducted by Sibai et al,
mortality rate in HELLP syndrome was 1.1%. Mortality rates are

TPE in HELLP syndrome is an important treatment step because it
shortens the duration in intensive care unit and reduces mortality
[13]. Erkurtetal. reported that TPE significantly improved mortality
in HELLP syndrome patients with a platelet count below 50.000/
mL as classfifed Mississippi score class I. TPE was proposed as
Category III in the treatment of class I HELLP syndrome [14].

TTPis defined by a severe deficiency of ADAMTS13. ADAMTS13
is the protease that cleaves large von Willebrand factor multimers
in the vasculature, and its deficiency promotes formation of
platelet microthrombi [15]. Since the results of ADAMTS 13 can
take several days and have different results, the diagnosis of TTP
is primarily made clinically [16]. If the concern for the diagnosis
of TTP is strong, then TPE may need to be initiated while the
diagnostic evaluation continues. However, if the patient is not
critically ill and the suspicion for the disorders discussed below is
greater than the suspicion for TTP, then it may be appropriate to
defer TPE while the evaluation continues. Scull-M et al. stated that
TPE is the main basis of TTP treatment and reduced the mortality
from 90% to 10-20%, Pereira et al. also stated that the delay in
the onset of TPE caused preventable early mortality [6.17]. In
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our study, the mortality rate in patients with TTP was 9.1%. The
American Association of Blood Banks (AABB), American Society
for Apheresis (ASFA) and the British Society for Haematology
recommend to perform TPE by changing the plasma volume 1-1.5
times as the standard initial treatment in TTP and add steroids to all
patients in the treatment [18,19]. Again, according to the English
guidelines, it is recommended to continue the process until 2
days after the platelet count is >150.000/mm?. In our study, we
performed TPE in all patients with a volume of 1:1 and started the
glucocorticoid as 1 mg/kg per day and discontinued TPE gradually
when >150.000/mm? was achieved.

Snake bites were detected as the third most common cause of TMA
in our study. TPE is a technique that removes toxins due to proteins
that cannot be fully removed by dialysis or hemoperfusion In
snake poisoning, since toxins bind to many different proteins in the
hemostatic system, TPE treatment provides benefit in eliminating
poisons [20,21]. In our study, 20 patients with snake bites were
successfully treated with TPE. No mortality was observed in
patients who received TPE. In brief, we think that TPE provides
laboratory and clinical improvement in patients who don’t improve
with antivenom and aggressive supportive care, especially in cases
of snake bites who applied witin the first 6 hours.

Atypical HUS were detected as the fourth most common cause
of TMA in our study. Recent studies have shown that eculizumab
treatment has changed the approach to atypical HUS treatment
[22]. If eculizumab treatment is not started as soon as possible,
End-Stage Renal Disease (ESRD) and mortality are inevitable.
Therefore, eculizumab is now considered as the first line option in
the treatment of aHUS. Campistol et al. reported that early onset
of eculizumab will stop and improve the TMA process in patients
with aHUS, and also it will prevent their progression to ESRD
[23]. We performed TPE and glucocorticoid treatment before
eculizumab started who were diagnosed as aHUS. We think that the
treatment of aHUS is eculizumab, which is effective on morbidity
and mortality. Since TPE does not prevent the development of
ESRD and only delays mortality, it should be used as a supportive
treatment next to eculizumab treatment.

Conclusion

In conclusion, the etiological causes of TMA may show regional
differences. In patients presenting with thrombocytopenia and
microangiopathic hemolytic anemia, TMA should be considered
and its etiology should be determined as soon as possible. It
is known that the primary treatment in HELLP syndrome is
termination of pregnancy. In our study, it was concluded that TPE
may be effective as a bridge therapy in the HELLP syndrome until
termination. It was also found to be effective in TTP and snake
bites, and it was concluded that treatment should be started without
delay.
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