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Abstract

Thrombotic microangiopathy (TMA) is a group of diseases that are life-
threatening and can lead to end organ damage (EOD) due to ischemia caused
by microthrombi in capillaries and arterioles. TMAs can affect any organ sys-
tem but usually affect the kidney, intestines, and nervous system. The triad of
TMA is Coombs-negative hemolytic anemia with schistocytes seen on peri-
pheral smear, thrombocytopenia (platelets under 150,000 or a decrease of
25% or more from baseline), and evidence of ischemic EOD. Primary TMAs
include Thrombotic Thrombocytopenic Purpura (TTP), Hemolytic Uremic
Syndrome (HUS) and atypical HUS (aHUS). Pathophysiologically, all of these
diseases are caused by aggregation of von Willebrand Factor (vWF) multi-
mers, via different mechanisms, which eventually leads to thrombus forma-
tion. TTP and aHUS benefit from plasma exchange (PEX), whereas HUS is
treated symptomatically. Urgent recognition with timely treatment is crucial
to managing these potentially life-threatening conditions.
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1. Introduction

Thrombotic microangiopathy (TMA) is a group of diseases that are life-threatening

and can lead to end organ damage due to ischemia caused by microthrombi in

capillaries and arterioles [1]. TMAs can affect any organ system but usually affect

the kidney, intestines, and nervous system [2]. The triad of TMA is Microangi-
opathic Hemolytic Anemia (MAHA), defined as Coombs-negative hemolytic

anemia with schistocytes seen on peripheral smear, thrombocytopenia (platelets

under 150,000 or a decrease of 25% or more from baseline), and evidence of

ischemic EOD [2].

DOI: 10.4236/ijcm.2019.1012054 Dec. 19, 2019 651

International Journal of Clinical Medicine


https://www.scirp.org/journal/ijcm
https://doi.org/10.4236/ijcm.2019.1012054
https://www.scirp.org/
https://doi.org/10.4236/ijcm.2019.1012054
http://creativecommons.org/licenses/by/4.0/

M. Alidoost et al.

Although characteristic symptoms vary between the various TMAs, renal and
neurological symptoms remain particularly prominent [3]. TMAs can affect any
organ; however, renal and neurological symptoms are particularly prominent [3].
In fact, 12% of patients with typical Hemolytic Uremic Syndrome (HUS) devel-
op ESRD or death, and among patients who survive, 25% develop some type of
renal sequalae [4]. It has been estimated that 12% of patients with Thrombotic
Thrombocytopenic Purpura (TTP) present with neurological abnormalities [4].
Since TMAs can affect any organ it is also possible to present with primary
symptoms affecting other organs, such as cardiac ischemia. In fact, the first pa-
tient to be diagnosed with a TMA by Moschcowitz in 1924 presented with he-
miparesis, died with heart failure and autopsy showed hyaline thrombi in most
of her organs [3]. Although it is not necessary to have all of the classical symp-
toms to diagnose TMA it is important to have the clinical suspicion to test for it.

Symptoms that suggest TMAs include typical anemia symptoms (such as fa-
tigue, dizziness, shortness of breath), increased bleeding and bruises (due toth-
rombocytopenia), altered mental status, headache and seizures (due to damage
to blood vessels in the brain), decreasing urine output and lower extremity ede-
ma (due to damage to blood vessels in the kidney). On a histopathological level
the damage caused by TMAs arises from platelet von Willebrand Factor (VWF)
multimer aggregation with subsequent edema of the endothelium which causes
fragmentation of erythrocytes [5]. However, the mechanism by which that hap-
pens differs greatly between the different TMAs. Since TMAs have a variety of
different causes, they therefore have a variety of different treatments, ranging
from supportive treatment to monoclonal antibodies such as eculizumab. It is
therefore imperative for a clinician to not only be able to suspect a TMA, but al-
so to be able to properly identify the various etiologies of TMAs [3]. Since there
are so many etiologies of TMAs, it is beneficial to categorize TMAs into different
subtypes.

A useful way for the clinician to categorize TMA is primary versus secondary,
with primary syndromes being symptoms caused by the main disease process
and secondary being those resulting from a systemic disease. Primary TMAs,
which this article will focus on, include TTP, HUS, and atypical Hemolytic
Uremic Syndrome (aHUS, also called complement-mediated TMAs), drug in-
duced TMAs (most classically due to quinine and VEGF inhibitors) [2] and,
rarely, vitamin B12 deficiency [6]. Secondary TMAs include pregnancy related
including Hemolysis Elevated Liver Enzymes Low Platelet (HELLP) syndrome,
systemic infections [7], Disseminated Intravascular Coagulation (DIC), malig-
nancy induced TMAs, Scleroderma Renal Crisis, and lupus-associated TMAs,
and malignant hypertension related TMAs [3]. A more comprehensive list of
miscellaneous causes of TMAs can be seen in Table 1.

Useful methods to help differentiate between primary and secondary TMAs
are taking a thorough history which screens for causes of secondary TMAs. As a
general primary TMAs usually involved kidney injury and have acute onset of

several days duration. Exceptions to this rule are that 1) TTP commonly does
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Table 1. There are many causes of TMAs beyond TTP, HUS, and aHUS, which are the
focus of this paper. When a patient presents with a possible TMA all differentials, in-
cluding the above, should be considered.

Miscellaneous Causes of TMAs
Drug-induced (Quinine, VEGF inhibitors, clopidogrel, ticlopidine)
Cobalamin deficiency
Infection/Sepsis related (especially HIV)

Autoimmune (Systemic lupus erythematosus, scleroderma renal crisis, antiphospholipid
syndrome)

Malignancy related

Pregnancy related (HELLP, pregnancy-related TTP, pre-eclampsia, eclampsia)
Disseminated intravascular coagulation

Hematopoietic stem-cell transplant-related

Severe hypertension-related

not present with kidney injury [1], and 2) that drug mediated TMAs tend to take
place immediately over a couple hours duration. With the information provided
below in mind the clinician should be confident in their ability to evaluate for

primary TMAs.

2. Thrombotic Thrombocytopenic Purpura

TTP can occur in acquired or hereditary forms, although the acquired form is
more common, especially in adults. TTP arises when there is a defect in the A
Disintegrin and Metalloprotease with a Thrombospondin type 1 motif, member
13 (ADAMTS13), a metalloprotease that degrades vVWF multimers [5]. In here-
ditary TTP (Upshaw-Shulman syndrome) ADAMTS13 has mutations which re-
sult in a non-functional enzyme. The hereditary form presents early in child-
hood—occasionally in pregnancy—and has a worse prognosis than acquired
TTP [8]. In acquired TTP, which we will focus on more in this article, the pa-
tient develops antibodies against ADAMTS13 leading to decreased function of
the metalloprotease, as illustrated in Figure 1 [9]. Acquired TTP tends to affect
females and African Americans disproportionately [8]. TTP can present with a
myriad of symptoms but the classic pentad of TTP is MAHA, thrombocytope-
nia, fever, renal abnormalities, and neurological abnormalities [5]. Neurological
symptoms range from subtle changes in mentation to stupor and coma. There is
considerable overlap between the symptoms of TTP and other TMAs although
there are some key differences that can be observed on a pathophysiological
level.

Pathophysiologically, the thrombi of TTP have higher levels of platelets and
less fibrin than those of HUS. Additionally, TTP tends to have more widespread
thrombi, leading to a more diverse array of symptoms than HUS, which usually
has thrombi in the kidneys and the main symptom of which is kidney failure [8].

Of note, TTP tends to spare the lungs [10] and does not cause renal failure even
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Figure 1. A basic schema of the pathophysiology of primary TMAs. (a) Shows autoantibody formation causing ADAMTS13 dep-
letion in TTP; (b) Shows Shiga toxin causing release of pro-inflammatory mediators and inducing release of vYWF as occurs in
HUS; (c) Shows cytokine dysregulation leading to inflammation. (d) Shows vVWF multimer aggregation; (e) Shows the resulting
endothelial edema; (f) Shows erythrocyte aggregation; (g) Shows the eventual resulting thrombus.

though microthrombi are observed in the kidneys. The presenting clinical fea-
tures of patients with TTP were analyzed by the Oklahoma TTP-HUS Registry,
which was a 20-year cohort study of 382 consecutive patients who were diag-
nosed with TTP or HUS [11]. Of those 382 patients, 18 were found to have se-
vere ADAMTS13 deficiency, defined as ADAMTS13 activity under 5%, and of
those 18 patients, 10 had normal renal function [11].

To most reliably differentiate between TTP and other TMAs can be done via
the ADAMTSI13 assay which detects ADAMTSI13 enzyme activity. ADAMTS13
activity under 10% is defined as severe deficiency and is often used as a bench-
mark to diagnose TTP in the right clinical setting [11]. However, the ADAMTS13
assay can take a long time to come back, and therefore cannot be used to make
clinical decisions in real time. To more quickly identify which patients have
TTP, defined as ADAMTS13 deficiency, the clinician can use the PLASMIC
score, illustrated in Table 2. The PLASMIC score was developed in 2017 in a
cohort study and was done using patients that presented to three large academic
medical centers in Boston [12]. The PLASMIC score is shown in Table 2, with a
score of 5/7 denoting intermediate risk and a score of 6-7/7 denoting high risk
for TTP [12]. Patients with presumptive TTP should be treated for TTP and
treatment should not be delayed by waiting for an ADAMTS13 assay.

It is vital to start Plasma Exchange (PEX), accompanied by corticosteroids, in
patients with TTP, or suspected TTP, since PEX has been shown to cause remis-
sion in 70% - 90% of patients [13]. PEX works by removing the auto-antibodies
to ADAMTS13, and, along with steroids, is considered standard of care for pa-
tients with TTP [3]. Glucocorticoids are thought to decrease production of the
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Table 2. The PLASMIC score is a clinical scoring system that the clinician can use to help
risk stratify patients for their risk of having TTP. The PLASMIC score is out of 7, with a
score of 0 - 4 denoting low probability, 5 denoting intermediate probability, and 6 - 7 de-
noting high probability.

PLASMIC Score

Platelet count < 30,000/microL

Hemolysis (defined by reticulocyte count > 2.5 percent, undetectable haptoglobin, or indirect
bilirubin > 2 mg/dL)

No active cancer

No solid organ or stem cell transplant
MCV <90 fL

INR< 1.5

Creatinine < 2.0 mg/dL

autoantibody against ADAMTS13 as they are immunosuppressive agents. PEX
has drastically improved outcomes for patients with TTP, with untreated TTP
having a mortality as high as 90% [14]. Relapse is a significant concern for many
patients with rates of recurrence as high as 50% [15]. The only predictors for re-
lapse that have been identified thus far are severe ADAMTS13 deficiency (under
10%) and the male sex [16]. Currently, patients are not given preventative
treatment for relapse, and are monitored outpatient and given PEX and corti-
costeroids. There have been studies indicating that Rituxan, when administered
to high risk patients, can reduce risk of relapse [17]. These studies were limited,
in that they were retrospective, but given that Rituxan is generally a well-tolerated
drug, it is a good discussion to have with Hematology whether or not to add Ri-

tuxan [17].

3. Hemolytic Uremic Syndrome

HUS is a form of TMA characterized by a triad of thrombocytopenia, microan-
giopathic hemolytic anemia and acute kidney injury. The name HUS was first
coined in 1955 [3]. It encompasses a group of disorders including the typical HUS
and the atypical HUS. Typical HUS affects predominantly the kidneys [3]. It is
most commonly associated with gastrointestinal infection with Shiga tox-
in-producing Entero-Hemorrhagic Escherichia coli (EHEC) strains. EHEC was
first associated with hemorrhagic colitis during an outbreak in the USA in 1982
[18]. Source of infection is usually intake of contaminated food such as under-
cooked meat, vegetables, unpasteurized milk products and also contaminated
water [19]. Many strains of E. coli have been reported to cause HUS which in-
cludes E. coli 026, 013, 0111, O14 [19]. Shiga-toxin producing E. coli (STEC)
expressing somatic (O) antigen 157 and flagellar (H) antigen 7 are the serotype
most frequently isolated from infected individual [20]. The strain is commonly
known as STEC O157:H7.

HUS may develop within 2 - 12 days after the gastrointestinal phase, mani-
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festing most commonly as bloody diarrhea [20]. Diagnosis of HUS requires two
important steps. Firstly, laboratory tests to establish mechanical hemolytic ane-
mia, thrombocytopenia and kidney injury. Secondly, microbiological tests to
identify causative organism which includes stool culture for STEC, PCR for
EHEC genes or ELISA for free Shiga toxin [21]. EHEC strains colonize the intes-
tine after ingestion and release Shiga toxin. After injury to intestinal endothe-
lium, toxin gains access to circulation, leading to platelet and leukocytes activa-
tion. The circulating toxins also play a role in damaging the glomerular endo-
thelial cells. The combination of activated platelets and damaged endothelium
induces thrombosis [19] [20].

The best way to prevent HUS is to prevent primary gastrointestinal infection.
Once there is evidence of infection, fluid administration in the gastrointestinal
phase reduces the risk of developing HUS. The use of antibiotics and an-
ti-motility drugs has been associated with increased risk of developing HUS. An-
tibiotics use can lead to toxin release secondary to antibiotic induced bacterial
membrane injury [21]. Notably, elderly and young children are reported to have
an increased risk of developing HUS [21].

Treatment for HUS is generally supportive, with the mainstay of treatment
being aggressive hydration and avoiding nephrotoxic medications to prevent
kidney damage, however it is common for patients to require temporary dialysis
[3]. Correcting other concurrent issues, such as electrolyte disturbances and
acidosis, is also standard [3]. Patients with HUS typically make a full renal re-
covery, however for patients who do not respond to conservative measures renal
transplantation may be indicated [3]. PEX has been used for patients with HUS
but the benefits are not established [3]. For the anemia accompanying HUS,
there are no unique guidelines—as with patients with anemia of other causes,
patients should get a transfusion if their hemoglobin is below 7, unless they have
acute coronary syndrome in which case their goal hemoglobin is 8.

Many patients with EHEC associated HUS have been associated with full re-
covery [3]. Signs of poor prognosis include presence of neurological symptoms,
high neutrophil counts, low platelet counts and duration of anuria [21]. New
agents that neutralize the effect of Shiga toxin needs to be determined [3]. As
well as measures to prevent entero-hemorrhagic infections should be the prima-

ry focus to avoid typical HUS.

4. Atypical HUS

Atypical hemolytic-uremic syndrome (aHUS) belongs to class of thrombotic
microangiopathy and is characterized by endothelial injury and manifests as
vascular thrombosis with severe organ dysfunction [22]. An urgent recognition
with timely treatment, especially in modern medicine era with the proven effi-
cacy of terminal complement inhibitors in treatment, is crucial to managing this
life-threatening condition. Initial presentation of aHUS and severity of condition

depends upon the pattern of organ dysfunction. Clinical features of AHUS are
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overlapping with TTP. Vascular thrombosis in aHUS affects kidney, brain, lung,
gastrointestinal tract, however unlike TTP, 60% of the aHUS patients progressed
to end-stage renal disease (ESRD) [23] [24]. It has also been suggested that a se-
rum creatinine level of >150 to 200 umol-L™' or a platelet count of >30 x 10° L™
“almost eliminates” a diagnosis of TTP [24].

aHUS is caused by genetic or acquired uncontrolled activation of alternate
complement pathway in 40% - 60% of patients [25]. Complement mediated en-
dothelial cell damage is principle pathophysiology of aHUS which subsequently
leads to formation of microthrombi more commonly glomeruli microthrombi.
Genetic mutation in AHUS involves either loss of function mutations within
membrane co-factor protein (CD46), complement factor H (CFH) and factor I
(CFI), and autoantibodies to the factor H (FH) and factor I (FI) proteins. Or
gain-of-function mutations within complement factor B (CFB) and C3 [26].
Raina ef al in a recent review reported that over activation of complement
pathways occurs due to either the production of FH autoantibodies or due to
genetic complement protein mutations such as FH, FI, FB, C3, and thrombo-
modulin [27] [28].

Granular C3 deposits in the glomeruli and arterioles during the intensive
phase of the disease, leading to activation of complement and local C3 utilization
activation of the Membrane Attack Complex (MAC) (C5b-9) results in micro-
vascular thrombosis, especially within the kidneys. The C3 convertase of the
classical and lectin complement pathways is composed of C2 and C4 fragments;
however, the C3 convertase of the alternative pathway splits C3, but has no effect
on C4 Because low serum C3 levels mirror complement activation, reduced le-
vels of C3 and normal C4 is characteristic of aHUS However, not all patients
with aHUS show hypocomplementemia [29].

aHUS can present at any age, as systemic disease and acute in 20% of cases
[27]. Sign and symptoms essentially depend upon the extent of microthrombi
and involvement of various organs. Kidney microvascular injury in aHUS could
manifest as hematuria, proteinuria, hypertension, azotemia and volume over-
load.

aHUS is diagnosed according to criteria published by the UK aHUS Rare Dis-
eases Group and European guidelines including the presence of both TMA and
acute kidney injury without ADAMTS-13 deficiency or inhibitors [25].

Important diagnostic elements include thrombocytopenia (platelet count
<150,000/mcL or 25% decrease from baseline), microangiopathic hemolytic ane-
mia (schistocytes on blood film, elevated lactate dehydrogenase, decreased hap-
toglobin, decreased hemoglobin) and target organ injury (elevated blood urea
nitrogen and creatinine, abnormal liver function tests, elevated pancreatic en-
zyme levels, stroke, myocardial infarction etc.) [30].

Laboratory investigations such as Shiga-toxin test and ADAMTS13 activity
can be very helpful in distinguishing HUS, TTP and aHUS from one another. A
deficiency of ADAMTS13 (less than 5% of normal activity) points to the diagnosis
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Figure 2. Algorithm for the evaluation of TMAs in the adult patient.

of TTP while the presence of Shiga toxin indicates STEC-HUS [31]. Normal
ADAMTS13 activity and absence of Shiga toxin help establish the diagnosis of
aHUS in patients presenting with thrombotic microangiopathy.

PEX is also indicated as standard treatment of aHUS and has significantly de-
creased mortality from 50% to 25% [32]. PEX is thought to improve outcomes in
patients with aHUS by removing complement regulatory proteins [3]. However,
even though PEX has helped outcomes in aHUS, many patients do not respond.
For these patients, treatment with Eculizumab, has been approved by the Food
and Drug Administration [32]. Eculizumab is a humanized monoclonal antibo-
dy which inhibits the complement pathway by blocking MAC formation by pre-
venting cleavage of C5. Case reports have shown benefit of Eculizumab treat-
ment, although this has not yet been shown in large randomized control trial
studies [32].

5. Conclusion

There is certainly nuance to correctly diagnose TMAs. However, an organized
framework to approach TMAs is useful, and our suggested algorithm is in Fig-
ure 2. The first step to diagnose TMA is to take a good history and physical, in-
cluding timing and patient demographics, which can often on its own lead the

clinician to the proper diagnosis. A good initial assessment of a patient’s com-
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plaint can help exclude systemic disorders which can present similarly to TMAs,
such as systemic infection mimicking TTP. It is important for the clinician to
confirm MAHA on a peripheral smear and thrombocytopenia on CBC. Of note
it is also useful to order ADAMSTS13 first since HUS and TTP have such dif-
ferent treatment modalities and TTP mortality is drastically changed by early
treatment. TTP and aHUS patients usually benefit from plasmapheresis whereas
HUS patients do not. Patients with HUS can be treated with supportive care and
monitoring while patients with refractory aHUS may benefit from Eculizumab

therapy which is an exciting area of research.
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