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a b s t r a c t

Thrombotic microangiopathy (TMA) is characterized by systemic microvascular thrombosis, target organ
injury, anemia and thrombocytopenia. Thrombotic thrombocytopenic purpura, atypical hemolytic ure-
mic syndrome and Shiga toxin E-coli-related hemolytic uremic syndrome are the three common forms of
TMAs. Traditionally, TMA is encountered during pregnancy/postpartum period, malignant hypertension,
systemic infections, malignancies, autoimmune disorders, etc. Recently, the patients presenting with
trauma have been reported to suffer from TMA. TMA carries a high morbidity and mortality, and de-
mands a prompt recognition and early intervention to limit the target organ injury. Because trauma
surgeons are the first line of defense for patients presenting with trauma, the prompt recognition of TMA
for these experts is critically important. Early treatment of post-traumatic TMA can help improve the
patient outcomes, if the diagnosis is made early. The treatment of TMA is also different from acute blood
loss anemia namely in that plasmapheresis is recommended rather than platelet transfusion. This article
familiarizes trauma surgeons with TMA encountered in the context of trauma. Besides, it provides a
simplified approach to establishing the diagnosis of TMA. Because trauma patients can require multiple
transfusions, the development of disseminated intravascular coagulation must be considered. Therefore,
the article also provides different features of disseminated intravascular coagulation and TMA. Finally,
the article suggests practical points that can be readily applied to the management of these patients.
© 2021 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Thrombotic microangiopathy (TMA) is a pathologic condition
characterized by systemic microvascular thrombosis, target organ
injury, anemia and thrombocytopenia.1,2 Traditionally, TMA is
encountered during pregnancy or in a postpartum period. Also,
malignant hypertension, systemic infections, malignancies, auto-
immune disorders, stem cell or solid organ transplantation are all
known to be associated with TMA.1,2 However, the surgical and
trauma patients recently have been reported to have suffered from
TMA.3 Regardless of the initiating event, once established, TMA
carries a high morbidity and mortality, and demands a prompt
recognition and early intervention to limit the target organ damage.
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The diagnostic considerations and treatments for TMA are different
from acute blood loss anemia, and an early diagnosis is a key to
improving patient outcomes. Platelet transfusions are not recom-
mended in the treatment of trauma-related TMA, which are
different from acute blood loss anemia, and instead a standard of
care is plasmapheresis or other immunosuppressive therapy.4

Trauma-related TMA carries a high morbidity and mortality if un-
treated, but it usually responds a good outcome if recognized
promptly.4 Trauma-related TMA is a rule-out diagnosis, so the
clinical acumen is paramount. Additionally, the confirmatory lab-
oratory test, a disintegrin and metalloproteinase with a thrombo-
spondin type 1 motif, member 13 (ADAMTS13) is not immediately
available, which further highlights the importance for awareness
among clinicians.2 There are increasing cases of postoperative
thrombotic thrombocytopenic purpura (TTP), but clinicians need to
be cognizant that trauma, similar to surgery, can be a trigger for the
development of TMA.
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Fig. 1. Alternate complement pathway.
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Globally, trauma is considered as one of the leading causes of
death in the young population.4 Frequently, trauma surgeons are
focused on prompt diagnosis of contusion, concussion and fracture
with or without vascular injury to limit the morbidity and mor-
tality. These experts utilize physical examinations, CT and CT
angiography to achieve the optimal injury assessment. In contrast,
TMA is often absent at the time of presentation in these patients
and develops subsequently during the admission.5e7 TMA has
specific recognizable laboratory features and must be suspected in
every patient with microangiopathic hemolytic anemia (MAHA),
thrombocytopenia and target organ injury (frequently the kidney).8

In this article, we described a simplified approach that can be
adopted by the surgeons to readily establish a diagnosis of TMA in
their patients. The article also provides features that TMA is
distinguished from disseminated intravascular coagulation (DIC),
and highlights interventions that can be employed to manage TMA.

Pathogenesis of TMA

TMA is an umbrella term that includes three separate entities:
TTP, atypical hemolytic uremic syndrome (aHUS) and Shiga toxin-
related hemolytic uremic syndrome (STEC-HUS).1,2,8e10 All of
these TMAs are characterized by a triad of MAHA, thrombocyto-
penia and target organ injury.5 Virtually, any organ can be affected.
While STEC-HUS is caused by Shiga toxin-producing E-coli, recent
data have emphasized that the underlying mechanisms for the
development of TTP and aHUS are distinctly different. Antibody-
mediated depletion of ADAMTS13 is the common underlying pa-
thology for TTP, whereas uncontrolled activation of the comple-
ment system is the chief pathogenesis for the development of
aHUS.10e12

ADAMTS13 plays a pivotal role in cleaving von-Willebrand fac-
tor multimers.8 In TTP, this process of cleavage of multimers is
disrupted. This leads to the accumulation of large number of von-
Willebrand factor multimers causing platelet-rich thrombi in
small vessels, explaining both thrombocytopenia and MAHA due to
high shear stress resulting in the formation of schistocytes.10,12

Severe deficiency of ADAMTS13 activity (<10%) is usually the cut-
off value used for confirmation of TTP in the appropriate set-
tings.1 Activity levels above 10% are considered normal, and
otherwise should prompt to look for etiologies other than TTP.
Plasmapheresis should not be delayed in cases of high suspicion of
TTP, while waiting for the ADAMTS13 results.12e14

In contrast to the TTP, aHUS results from complement system
dysfunction. The complement system is the oldest andmost critical
component of our innate immunity. The complement system
comprises of vast number and variety of plasma proteins,
membrane-bound proteins and regulatory receptors.11e13 In brief,
the complement system can be activated via three different path-
ways: classical pathway, lectin pathway, alternative pathway. Un-
controlled activation of the alternative pathways is the key
pathology responsible for the development of aHUS.12,13 Fig. 1 ex-
plains the normal function of the complement system.

Multi-hit theory has emphasized that aHUS is a consequence of
at least two components. A genetic predisposition to alternative
complement pathway dysregulation and occurrence of events or
conditions that can precipitate TMA.14e16 These events/conditions
are referred to as complement amplifying conditions (CAC). There
are complement regulatory proteins to play an essential role in
protecting the autologous cells from inappropriate complement
activity. A few examples of these include complement factor H and
membrane cofactor protein and thrombomodulin. Inhibitory anti-
bodies to the complement factor H have been documented as one of
the major mechanisms in aHUS patients. Many patients with these
mutations may remain asymptomatic before the manifestation of
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TMA, which could be triggered with any event leading to comple-
ment activation. These triggers could be infection, pregnancy and in
rare cases trauma-related endothelial injury or inflammation.1,2,16

Multiple reports have confirmed that complement activation
can occur in the setting of trauma.17,18 However, the mechanism is
still poorly understood. A recent prospective study of Beth Israel
Deaconess Medical Center examined the complement activation
and platelet activity and aggregation in trauma patients.19 The
study documented that complement activation is increased in
trauma patients as measured by increased C3a levels.19 They also
documented the deposition of complement C4d and C3a on
platelets in trauma patients. These deposits altered the ability of
platelets to aggregate. The study pointed out that complement
activation can trigger platelet aggregation.19
CAC and TMA

Various etiologies and conditions have been associated with a
state of complement activation and/or dysregulation. These con-
ditions are usually referred to as CAC. The Oklahoma thrombotic
thrombocytopenic purpura-hemolytic uremic syndrome registry
provides us with a variety of these conditions and their
incidence.14e16 CAC as an inciting event for the development of
aHUS is increasingly being reported.6 Some of the common ex-
amples of CACs include pregnancy and its complications, covering
pre-eclampsia and eclampsia, malignant hypertension, autoim-
mune diseases including systemic lupus erythematosus, sclero-
derma, ulcerative colitis, intravenous drug abuse, infections and
trauma. Pregnancy-related aHUS accounts for approximately 7% of
total aHUS cases.13e16 Complement activation can also occur post-
partum due to maternal circulation of fetal cells, infection and
hemorrhage. Hemolysis, elevated liver enzymes, low platelet count
syndrome is another fearsome complication of the increased
complement activation. Malignant hypertension causes shear
stress on endothelial cells and subsequent vascular injury further
leading to complement activation and the development of TMA.1,2,6

Autoimmune conditions such as scleroderma, anti-phospholipid
antibody syndrome and medications have been reported to be
associated with TMA.20 It has been documented that a wide variety
of systemic infections, including bacterial endocarditis, fungal in-
fections, viral etiologies such as HIV, cytomegalovirus and even
rickettsial diseases can also precipitate TMA.13,14,16,20
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Trauma as a CAC

Surgical trauma has long been implicated as a precipitating
event in the subsequent development of TMA, specifically TTP.17,18

As an example, patients undergoing cardiothoracic surgery and
abdominal surgery are particularly vulnerable.4,18,19

Trauma per se as a precipitating event for the development of
TMA has not been traditionally reported. However, recently, two
important reports implicated trauma as the precipitating factor for
the development of TMA.17,18With these recent data, it appears that
trauma may be a previously under-detected trigger of TMA, and is
something physicians should monitor for in these patients. These
patients suffered from TTP were treated with plasmapheresis and
recovered, eventually being discharged home. Ikegami et al.17 re-
ported TMA in an 80-year-old woman who sustained a pelvic he-
matoma and fracture. Transcatheter coil embolization was
performed to control the bleeding. The patient was given 560 mL of
packed red cells along with 480 mL of fresh frozen plasma, and also
received 200 mL of platelets. She made a good recovery and he-
modynamic stability was achieved. However, on day three she
demonstrated hematuria and became anuric with associated
delirium and fever. The patient developed anemia, thrombocyto-
penia and severe renal failure that did not respond to volume
replacement and diuretics. Hemodialysis therapy was initiated to
treat severe renal failure. A peripheral smear revealed numerous
schistocytes indicating the presence of MAHA. Coomb’s test was
negative. Lactate dehydrogenase was elevated. However, comple-
ment factors, prothrombin time (PT), partial PT and international
normalized ratio were all within the normal range and the
ADAMTS13 level was not reduced. Because of anemia, thrombo-
cytopenia, renal failure, fever and mental status change, the clini-
cians contemplated the diagnosis of TTP and daily plasmapheresis
was delivered for five days. The patient showed a dramatic recovery
of the clinical picture and laboratory parameters. Anemia and
thrombocytopenia resolved and hemodialysis was discontinued on
day 15. The authors concluded that the development of TMA post-
trauma in her case was due to the production of unusually large
von-Willebrand factor multimers. The authors hypothesized that
Table 2
TMA must be suspected with the triad of anemia, thrombocytopenia and target organ in

TMA characters Description

Microangiopathic hemolytic anemia Anemia, decreased hapt
Thrombocytopenia Platelets <150,000 or 25
Target organ injury Azotemia, hematuria, pr

TMA: thrombotic microangiopathy.

Table 1
Differentiating features and laboratory parameters for aHUS, TTP and DIC.

Parameter aHUS

Etiology/mechanism Uncontrolled activation of the alternative pathway of the compl
Anemia Yes
Thrombocytopenia Yes
Renal injury Usually severe
Schistocytes Yes
Reticulocyte count Elevated
PT Normal
aPTT Normal
Fibrinogen Normal
FDP Normal
ADAMTS13 activity Normal (>5%)
Treatment Complement blockade by monoclonal antibody

aHUS: atypical hemolytic uremic syndrome; TTP: thrombotic thrombocytopenic purpura;
partial thromboplastin time; FDP: fibrin degradation products.
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these multimers could not be processed even with normal
ADAMTS13 level.17

In a separate report, Lim and Park18 reported TMA in a 23-year-
old man after suffering a blunt traumatic liver injury from a
motorcycle accident. Mechanism of development of TTP was the
release of unusually large multimers of von-Willebrand factor after
the liver injury. This patient presented with mental status change,
fever, hemolytic anemia, thrombocytopenia and renal failure after
the admission. Because of the clinical presentation, anemia,
thrombocytopenia and renal failure, TTP was considered. Hemo-
dialysis was initiated for renal failure. On hospital day 23, plas-
mapheresis was initiated. The patient improved after 18 days of
plasma therapy. Thrombocytopenia, anemia and renal failure
resolved and hemodialysis was discontinued. While ADAMTS13
was not obtained in this case, a positive response to plasma therapy
confirmed the diagnosis of TTP.18
Diagnosis of TMA in the trauma patients

Diagnosing TMA after trauma can be challenging. The occur-
rence of DIC in trauma patients can complicate the diagnostic di-
lemmas (Table 1). Undoubtedly, thrombocytopenia and anemia
encountered in the context of trauma should firstly raise the sus-
picion of extravascular blood loss. Indeed, in their report, Ikegami
et al.17 considered extravasation as the cause of anemia and
thrombocytopenia. However, despite using coil embolization,
administering packed red blood cells and transfusing platelet,
thrombocytopenia persisted and renal failure ensued.17 Trauma
patients often receive judicious intravenous fluids. In this context,
dilutional thrombocytopenia and anemia must also be considered.
Because trauma patients may require a significant amount of blood
products, which may easily arise DIC. Both TMA and DIC can cause
thrombocytopenia, anemia and target organ injury (Tables 1 and
2).3e17 However, normal PT, activated partial thromboplastin time
and fibrin degradation products and normal fibrinogen levels help
to differentiate TMA from DIC. Post-traumatic TMA should be
considered if the patient in the setting of a traumatic event de-
velops progressive thrombocytopenia, MAHA, renal failure, mental
jury.

oglobin, elevated lactate dehydrogenase, schistocytes on peripheral blood smear.
% decline from baseline.
oteinuria or elevated liver enzymes or elevated amylase and lipase.

TTP DIC

ement system Deficiency of ADAMTS13 Sepsis/infection/multiple transfusions
Yes Yes
Yes Yes
Usually mild to moderate Uncommon
Yes Yes
Elevated Elevated
Normal Elevated
Normal Elevated
Normal Low/normal
Normal Elevated
Low (<5%) Normal (>5%)
Plasmapheresis Treat the underlying etiology

DIC: disseminated intravascular coagulation; PT: prothrombin time; aPTT: activated
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changes and fever.3,7 Patients are expected to improve to a certain
extent even if not completely, after timely initiation of plasma ex-
change. Schistocytes are an important feature of MAHA (shear
stress). Hence, peripheral smear must be reviewed to ascertain the
presence of Schistocytes. It is important tomention that this type of
hemolysis is not due to the development of autoantibodies.
Therefore, Coomb’s test is negative in patients with TMA.

Recently, investigators have provided the information to distin-
guish various forms of TMAs from one and another (Table 3).10,11 All
three forms of TMAs present with anemia, thrombocytopenia and
target organ injury. For reasons not entirely known, TTP does not
usually cause severe renal failurewhile aHUStypically does. Similarly,
TTP traditionally (not always) has been associatedwithmental status
change and fever. From the laboratory standpoint, identification of
Shiga toxin is required tomake the diagnosis of STEC-HUS.13,14 On the
other hand, TTP is diagnosedwhen the activity of ADAMTS13 is found
to be <5%e10%.6,8 In contrast, aHUS is a diagnosis of exclusion.
Normal activity of ADAMTS13 (>10%) and absence of Shiga toxin, in
the setting of TMA, helps to establish the diagnosis of aHUS.13,16

Because the pathophysiology of aHUS is driven by the uncontrolled
activation of the alternative pathway of the complement system, low
C3 and normal C4 concentrations can be observed in patients with
aHUS. However, a decreased serum C3 level is not specific for the
diagnosis of aHUS.13 At the same time, the demonstration of normal
C3 and C4 concentrations does not exclude aHUS.13,16 A limitation of
the diagnostic approach of a patient with TMA is that the activity of
ADAMTS13 result may take a few days to be available. A close follow-
up and aggressive approach to obtaining the results of ADAMTS13 are
needed to promptly establish the correct diagnosis. In addition,
ADAMTS13 should be drawnbefore the institution of plasma therapy.
It is important to reiterate that at present a single confirmatory test to
establish the diagnosis of aHUS does not exist. Normal activity of
ADAMTS13 and absence of Shiga toxin help establish the diagnosis of
aHUS by excluding TTP and STEC-HUS.8,10,13,16

It is worth mentioning that novel biomarkers of cellular pro-
cesses are emerging and may serve in the diagnosis and overall
management of patients with aHUS. In this regard, investigators
have reported that urinary C5a and C5b-9 are significantly elevated
in patients with aHUS.21e23 In addition, the markers of endothelial
damage (thrombomodulin), as well as endothelial activation
(VCAM-1), were also found to be significantly increased in aHUS
patients.21e23 At present, these laboratory tests are not readily
available. Tissue analysis (renal biopsy) can help to establish the
diagnosis of aHUS. However, the performance of renal biopsy in the
trauma patient with severe anemia, thrombocytopenia must be
carefully evaluated in consultation with a nephrologist. Finally,
genetic testing in identifying patients with complement abnor-
malities is gaining popularity.24 Because all of the genetic abnor-
malities have not been identified, its role in confirming/making the
diagnosis of aHUS has not been conclusively established.
Table 3
Differentiating features between the three types of TMA.

Laboratory parameter TTP STEC-HUS aHUS

Anemia þ þ þ
Thrombocytopenia þ þ þ
Schistocytes þ þ þ
Elevated creatinine þ/� þ þ
Activity of ADAMTS13 <10% >10% >10%
Shiga toxin e þ e

Complement level Normal Normal Low/Normal

þ: positive; �: negative.
TMA: thrombotic microangiopathy; TTP: thrombotic thrombocytopenic purpura;
STEC-HUS: Shiga toxin-related hemolytic uremic syndrome; aHUS: atypical he-
molytic uremic syndrome.
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Management of TMA in the setting of trauma

Advances in our understanding of the complement system and
the widespread availability of ADAMTS13 have revolutionized our
approach to the management of TTP and aHUS. Because the path-
ophysiology of the two entities is driven by two distinctly different
mechanisms, an appropriate diagnosis is critically needed to pro-
vide a targeted therapy. Autoantibodies against ADAMTS13 limit
the cleavage of the von-Willebrand factor, which results in wide-
spread microvascular thrombosis, MAHA, anemia, thrombocyto-
penia and target organ injury.15,26 Plasmapheresis removes the
autoantibodies and allows ADAMTS13 to cleave the largemultimers
of the von-Willebrand factor. In contrast, aHUS is driven by un-
controlled activation of the alternative pathway of the complement
system. This syndrome requires a complement blockade with a
monoclonal antibody (eculizumab) to manage aHUS.21e23

Two patients having trauma-related TMA were found to have
clinical features of TMA, both of who had normal ADAMTS13 ac-
tivity (which was consistent with aHUS) and improved after plas-
mapheresis (whichwas consistent with TTP).17,18Whymight this be
the case in the two reported cases? There are a few possibilities.
Transient improvement of thrombocytopenia and anemia post
plasma exchange has been reported in aHUS.7 However, a great
majority of these patients have been reported to progress to end-
stage renal disease.7 We have no records for the long-term
follow-up of the two reported patients. As suggested by the au-
thors, it is conceivable that TMA was due to the production of un-
usually large von-Willebrand factor multimers that could not be
processed even with normal ADAMTS13 levels. Perhaps plasma
therapy provided augmentation to the existing ADAMTS13 activity
by possibly removing the autoantibodies and fortifying existing
ADAMTS13 activity by administering additional ADAMTS13 con-
tained in the plasma that was being delivered to the patient. The
fact remains that both cases demonstrated clear improvement with
plasmapheresis despite normal ADAMTS13.26,27

Overall, the management of TMA in the setting of trauma is
similar to treating TMA in any other setting, which aims at the
treatment of the underlying CAC. A multidisciplinary approach
involving a nephrologist and/or hematologist is crucial in pre-
venting any irreversible events such as end-stage renal disease. In a
patient suspected of having TMA, the following principles should
be considered.21,22

1. Promptly establish a team that includes a nephrologist and a
hematologist in a trauma patient presenting with TMA, and
establish effective communication.

2. Order an ADAMTS13 test before starting the plasma therapy.
3. Establish an aggressive follow-up in obtaining the results of

ADAMTS13.
4. In consultation with the nephrologist and hematologist,

plasmapheresis as an empiric treatment is contemplated
until TTP is ruled out. TTP carries a very high mortality (as
high as 90% in the absence of plasmapheresis).21 In this
context, plasmapheresis is lifesaving. Waiting for laboratory
results can be detrimental. Plasmapheresis is the fastest way
to remove ADAMTS13 autoantibodies.

5. Monitor the response to plasmapheresis and share the
progress with the team.

6. Aim at preventing and treating other CACs which can co-
exist in settings of trauma, the biggest among these is the
sepsis. It can act as CAC on its own and it can also accelerate
the progression of TMA in the setting of trauma.

7. Corticosteroids are used in patients with TTP. However, the
decision regarding their use should be made in consultation
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with the nephrologist and hematologist (as there can be
limiting factors).22,23

8. Rituximab is a monoclonal antibody targeting CD20 antigen
on B lymphocytes. Its current use has been limited to the
refractory TTP.27 There have been studies where rituximab
has been used as a part of initial therapy with plasmaphe-
resis but its role is still debatable.27

9. Once TTP has been ruled out and the diagnosis of aHUS has
been established, eculizumab should be considered to block
the complement system. Eculizumab is a humanized
monoclonal antibody that effectively binds to complement
protein C5 and blocks the generation of C5a and the mem-
brane attack complex (C5b-9), inwhich the results in prompt
improvement of thrombocytopenia, anemia, and target or-
gan injury. At present, to prevent ongoing damage to the
target organs, early diagnosis and prompt treatment with
eculizumab administered indefinitely are recommended.
Multiple studies have conclusively established the efficacy
and safety of eculizumab in the treatment of aHUS. Recom-
binant ADAMTS13 and anti-von-Willebrand therapies are
some of the new emerging therapies.20,21,23e25
Fig. 2. Thrombotic Microan
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10. At present supportive therapy is administered to patients
with STEC-HUS. No date, no specific agent or intervention are
available to combat this form of TMA.25
Conclusion

TMA can occur in patients presenting with trauma. In these
patients, trauma surgeons stand on the first line of deference.
Because TMA (TTP and aHUS) carries a high morbidity and mor-
tality, its prompt identification and rapid treatment are needed to
avoid target organ injury and reduce the death rate. Both ne-
phrologists and hematologists should be a part of the trauma team
addressing TMA patients. ADAMTS13 is critically important to
establish an accurate diagnosis and must be ordered earlier on.
Plasmapheresis and eculizumab are important therapies that have
a major impact on limiting the target organ injury. The decision to
choose these therapies and the timing of their interventionmust be
made after discussion with the entire team including the patient.
Our algorithm for approaching TMA is detailed in Fig. 2 below.
giopathy and its types.
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