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Abstract
Background Thrombotic thrombocytopenic purpura (TTP) is an uncommon and life-threatening disorder caused by 
a deficiency of ADAMTS-13, and eventually leads to microangiopathic hemolytic anemia, severe thrombocytopenia, 
and organ damages. Acute TTP events could be triggered by infections, or inflammations in the context of 
ADAMTS-13 deficiency. Recently, several case reports have indicated an association between diabetic ketoacidosis 
(DKA) and TTP. Here, we present a case with the concomitant presentation of DKA and TTP.

Case presentation A 37-year-old male with diabetes mellitus presented with typical symptoms of diabetic 
ketoacidosis. He was managed with an insulin pump and intravenous fluids. However, he developed seizure and 
progressed to coma, his rapidly deteriorating condition necessitated continuous renal replacement therapy, 
intubation, and inotropic support. Laboratory data indicated hemolytic anemia and thrombocytopenia, and a blood 
smear revealed schistocytes. The PLASMIC score was 5, and ADAMTS-13 activity was 2%. The patient was diagnosed 
with TTP and treated with therapeutic plasma exchange, steroids, and rituximab. His platelet count stabilized above 
150,000/µL, and ADAMTS-13 activity progressively improved.

Conclusions This case report emphasizes the concurrence of DKA and iTTP, presenting the rare complication 
of acute renal failure in TTP. TTP is a rare and serious disease that requires prompt recognition and management. 
Concurrent conditions should be considered when calculating prediction scores such as the PLASMIC and French 
scores.
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Background
Thrombotic thrombocytopenic purpura (TTP) is a rare 
and life-threatening thrombotic microangiopathy char-
acterized by microangiopathic hemolytic anemia, severe 
thrombocytopenia, fever, neurological symptoms, and 
kidney injury [1]. TTP is caused by a severe deficiency 
of the von Willebrand factor (vWF) cleaving protease, 
ADAMTS-13 (a disintegrin and metalloprotease with 
thrombospondin type 1 repeats, member 13) [2–5]. Most 
ADAMTS-13 deficiencies are due to autoantibodies, a 
condition known as immune TTP (iTTP). iTTP requires 
rapid diagnosis and urgent management, including thera-
peutic plasma exchange (TPE), and immunosuppressants 
such as steroids and rituximab [1, 2, 4, 6, 7]. The devel-
opment of autoantibodies against ADAMTS-13 is gener-
ally idiopathic [1, 5, 8, 9], but acute TTP episodes could 
be triggered by infections, inflammations or pregnancy. 
On the other hand, diabetic ketoacidosis (DKA) is one of 
the most common life-threatening complications of dia-
betes mellitus. While it predominantly affects patients 
with type 1 diabetes, those with type 2 diabetes are also 
susceptible, particularly during periods of acute illness 
and catabolic stress. Appropriate treatment has reduced 
the mortality of DKA to less than 1%; however, the meta-
bolic decompensation precipitated by underlying medical 
illness remains a leading cause of death in patients with 
DKA [10]. Several case reports have shown that TTP or 
similar thrombotic microangiopathy can develop con-
comitantly with DKA [11–21]. Here, we present a case of 
a man with type 2 diabetes mellitus who developed iTTP 
during an episode of DKA and reviewed all similar case 
reports from the literature.

Case presentation
A 37-year-old male without medical history, presented 
with mild generalized abdominal pain, nausea, vomit-
ing, watery diarrhea, and oliguria for two days. Initially, 
he sought medical assistance at a local clinic, where acute 
viral gastroenteritis was suspected, and he was treated 
with hydration therapy. However, his symptoms wors-
ened the following day, prompting a visit to the emer-
gency department of a local hospital. Upon arrival, he 
experienced a generalized seizure lasting two minutes 
during triage. Hypertension (172/108 mmHg), icteric 
sclerae, and petechiae on the limbs and trunk were noted. 
Initial laboratory findings indicated extreme hypergly-
cemia (721.8  mg/dL), high anion gap metabolic acido-
sis (pH 7.2, bicarbonate 12.2 mmol/L, anion gap 20.8 
mEq/L), hyperkalemia (5.1 mmol/L), and elevated blood 
ketones with an HbA1c of 11.5%. Additional findings 
included anemia (hemoglobin 10.8  g/dL), thrombocy-
topenia (16 × 109/L), indirect hyperbilirubinemia (total 
bilirubin 3.40 mg/dL, direct bilirubin 0.94 mg/dL), mildly 
elevated aspartate transaminase (61.5 U/L), high blood 

urea nitrogen (91.29 mg/dL) and creatinine (8.53 mg/dL). 
Coagulation screening tests, including prothrombin time, 
partial thromboplastin time, and fibrinogen were normal.

The patient was admitted to the intensive care unit 
(ICU) on the same day and was managed with an insu-
lin pump while continuous renal replacement therapy 
(CRRT) was initiated. A transfusion of platelets was 
administered; however, the patient’s condition worsened 
the following day, characterized by disturbed conscious-
ness, hypoxia, and shock. Norepinephrine was admin-
istered and he was intubated with ventilator support. 
Whole-body computed tomography (CT) revealed only 
left cerebellum hemorrhage (Fig.  1a). After five days of 
management in the local hospital, the patient was trans-
ferred to a tertiary care center ICU for further evalua-
tion of the unidentified cause of thrombocytopenia and 
unstable hemodynamics.

On arrival, patient was in a complete coma (E1VTM1) 
with worsening hemolytic anemia and thrombocytope-
nia (12 × 109/L). Both direct and indirect Coombs tests 
were negative. An initial blood smear revealed mul-
tiple schistocytes (Fig.  1b). The PLASMIC score was 
5 and the French score was 1, suggesting an intermedi-
ate risk of TTP (Table 1). It took one day to receive the 
ADAMTS-13 activity result, which was 2%, confirming a 
severe deficiency of ADAMTS-13 and TTP. Therapeutic 
plasma exchange, initiated on the day the ADAMTS-13 
result was confirmed and was performed for five con-
secutive days until platelet count rose above 150 × 109/L. 
Steroid and rituximab were also applied at the initiation 
of TPE. Specifically, methylprednisolone was given 80 mg 
daily until the cessation of TPE and then tapered over 
three days. Rituximab (fixed dose, 500  mg) was admin-
istered on day 1, 4, 7, and 14. ADAMTS-13 activity was 
monitored weekly after clinical remission, achieving 
ADAMTS-13 partial remission at day 25 (29.5%), and 
complete remission at day 36 (84%) (Fig.  2); moreover, 
genetic testing for ADAMTS13 revealed no mutations.

Continuous renal replacement therapy was transitioned 
to hemodialysis on the first day of plasma exchange. The 
patient’s consciousness improved following the initiation 
of therapeutic plasma exchange. We monitored blood 
glucose levels, blood gases, anion gap, and serum ketones 
in accordance with the DKA management protocol. The 
DKA showed significant improvement within two days of 
initiating continuous insulin infusion. Glycemic control 
improved further following the tapering of steroid ther-
apy (Supplemental Fig.  1). The patient’s oxygen satura-
tion and urine output showed gradual improvement. He 
successfully passed the spontaneous breathing trial and 
weaning parameters on day seven, leading to success-
ful extubation on day eight. He was subsequently trans-
ferred to the general ward on day nine, and hemodialysis 
was paused on day ten. Blood urea nitrogen (BUN) and 
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creatinine levels improved, negating the need for further 
hemodialysis. A glucagon test confirmed preserved pan-
creatic beta-cell function, facilitating the transition from 
insulin to oral antidiabetic medication once blood sugar 
levels were controlled. Kidney function remained stable 
over time. Prior to discharge, he regained the ability to 
care for himself independently, perform calculations 
accurately, walk long distances, and climb stairs without 
assistance.

Discussion
Accurate diagnosis of immune thrombotic thrombocyto-
penic purpura (iTTP) necessitates clinical awareness. As 
demonstrated by this case, iTTP was not considered until 
the patient was transferred to a tertiary medical center. 
The presence of diabetic ketoacidosis (DKA) compli-
cated the clinical picture, rendering the presentation of 
TTP atypical. Moreover, the primary physicians initially 
focused solely on managing the DKA and its complica-
tions, overlooking signs such as hemolytic anemia and 
thrombocytopenia that warranted further investigation. 
It is imperative to enhance the awareness of intensivists 
and other physicians managing critical care settings to 
facilitate the accurate diagnosis and treatment of iTTP, 
particularly in complex cases such as this one.

The PLASMIC score [22] and the French score [23] 
are both useful tools for identifying patients with severe 
ADAMTS-13 deficiency before ADAMTS-13 results are 
available. However, in our patient, both scores yielded 
intermediate results, with a predicted risk of TTP rang-
ing from 5 to 24% using the PLASMIC score and 70% 
using the French score [24]. Lee et al. [25, 26] further 
validated the predictive accuracy of the PLASMIC score 
in Taiwanese population, finding that MCV did not sig-
nificantly contribute to risk stratification. Tang et al. 
also demonstrated that MCV < 90 fL was not an inde-
pendent predictor of TTP. A simpler scoring system 
that omits MCV < 90 fL may be more suitable for iden-
tifying TTP in Chinese patients [27]. These findings sug-
gest that MCV < 90 fL may be less relevant in predicting 
TTP among East-Asian populations, as evidenced by 
this patient’s initial MCV of 90.4 fL. Furthermore, both 

Table 1 PLASMIC score and French score of the patient
Parameter Laboratory data PLAS-

MIC 
score 
[22]

French 
score 
[23]

Platelet count 12 × 109/L (< 30 × 109/L) 1 1
Creatinine level 5.63 mg/dL (< 2 mg/dL; ≤2.26 mg/

dL)
0 0

Parameters of 
hemolysis

Reticulocytosis, indirect biliru-
binemia, highly elevated LDH, 
undetectable haptoglobin.

1

Associated 
conditions

No active cancer, No history of 
solid-organ or hematopoietic stem 
cell transplant

1

MCV 90.4 fL (< 90 fL) 0
INR 1.01 (< 1.5) 1
ANA 1:80 (positive ANA) 0
Total score (Risk 
category)

PLASMIC score: 5 (Intermediate risk, risk of TTP: 
5 ~ 24%) [20]
French score: 1 (Intermediate risk, risk of TTP: 70%) 
[11]

Fig. 1 (a) Brain computed tomography of left cerebellum intracerebral hemorrhage; (b) Peripheral blood smear of schistocyte
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prediction models indicate that kidney injury is less com-
monly observed in TTP compared to atypical hemolytic 
uremic syndrome (aHUS). In this report, the patient 
had complicated with DKA and severe kidney injury, 
which could also hamper the accuracy of both scores. 
Most renal dysfunction in TTP is mild, but acute renal 
failure requiring dialysis still occurs in 4–15% of TTP 
patients [28]. Generally, severe renal injury happens 
more frequently among patients with atypical hemolytic 
uremic syndrome (aHUS) than those with iTTP [29]. 
However, a retrospective study of 92 cases of TTP with 
low ADAMTS-13 activity (< 10%) found that more than 
half of the patients had acute kidney injury, with nearly 
half experiencing stage 3 acute kidney injury and a quar-
ter requiring renal replacement therapy [30]. This case 
highlights the relatively rare presentation of iTTP. In ret-
rospect, uncontrolled diabetes mellitus, hypertension, 
and subsequent DKA may have contributed to the kidney 
injury more than iTTP itself in this case. Similarly com-
plicated situation might happen in other iTTP patients, 
therefore extra caution should be taken while interpretat-
ing kidney injuries in possible iTTP patients.

Caplacizumab is a humanized immunoglobulin frag-
ment that targets the A1 domain of von Willebrand fac-
tor (vWF), thereby inhibiting its interaction with the 
platelet glycoprotein Ib-IX-V receptor. Phase 2 and 3 
clinical trials have demonstrated that caplacizumab treat-
ment is associated with more rapid normalization of 
platelet counts. However, an increased risk of bleeding 
has also been reported, with the most common adverse 
events being epistaxis and gingival bleeding—most of 

which resolved without intervention [31]. Schofield et al. 
described four cases of acute thrombotic thrombocyto-
penic purpura (TTP) complicated by intracranial hemor-
rhage (ICH) in patients treated with caplacizumab. These 
cases were associated with poor neurological outcomes. 
Although refractory TTP may have contributed to the 
unfavorable prognoses, ICH remains a serious and rec-
ognized potential complication of caplacizumab therapy 
[32]. In our case, cerebellar ICH was initially detected at 
the local hospital. Given caplacizumab’s known risk of 
bleeding, its use might have exacerbated the hemorrhage, 
potentially increasing the risk of brainstem compression 
and cerebellar herniation. Furthermore, our patient’s 
platelet count normalized within five days following ther-
apeutic plasma exchange alone. Therefore, the bleeding 
risk of caplacizumab may outweigh its potential benefits 
for this patient. Generally, for iTTP patients with ICH, 
we believe that using caplacizumab might be the most 
difficult decision to make and should be considered indi-
vidually with extreme caution.

To the best of our knowledge, our case represents the 
second instance of definite iTTP complicated with DKA, 
and notably, it is the first to demonstrate not only clinical 
response but also ADAMTS-13 response. The literature 
contains several reports of concurrent thrombotic micro-
angiopathy and DKA in both pediatric [11–18] and adult 
patients [19–21](Table  2); however, ADAMTS-13 activ-
ity below 10% was observed in only one previous case 
[20]. Half (5 of 12) cases had ADAMTS-13 higher than 
20%, ruling out TTP, and the rest (6 of 12) had no avail-
able ADAMTS-13 results. Among all these cases, only 

Fig. 2 Platelet counts and ADAMTS-13 activity. The blue curve represents the platelet count and corresponds to the left axis, while the orange curve 
represents ADAMTS-13 activity and corresponds to the right axis
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Age Sex Initial presentation Lab before TPE/FFP ADAMTS-13 
activity

Treatment for 
TMA

Outcome

Confirmed TTP
Jackson et al. 
2021 [20]

62 male Generalized abdomi-
nal pain, thirst, and 
fatigue for several 
days

Hb: 7.5
PLT: 18
LDH: > 2800
BUN: 78
CRE: 2.4

< 1 Steroid
FFP
TPE
Rituximab

Improved 
and 
survived

TMA with high ADAMTS-13 activity
Patra et al. 
2011 [11]

12 female Irritability and drowsi-
ness for one day

Hb: 10.6
PLT: 29
LDH: 1349
BUN: 61
CRE: 2.2

52 TPE Improved 
and 
survived

Alsaied et al. 
2016 [14]

18 female Respiratory distress 
few hours

Hb: 8.8
PLT: 32
LDH: >4000
CRE: 4.4

31 CRRT
TPE

Improved 
and sur-
vived with 
left side 
weakness

Kumar et al. 
2016 [15]

1 female Vomiting for two days Hb: 7.7
PLT: 20
LDH: 743
BUN: 67.5
CRE: 1.98

34 FFP
TPE

Improved 
and 
survived

Hermelin et 
al. 2019 [19]

34 female General weakness and 
blurred vision

Hb: 9.6
PLT: 33
LDH: 2130
CRE: 2.6

40.7 TPE Improved 
and sur-
vived with 
blindness

Nwankwo et 
al. 2023 [21]

45 male Severe abdominal 
pain, vomiting, and 
altered sensorium for 
one day
Seizure

Hb: 8.5
PLT: 51
LDH: 588
CRE: 2.2

21 Steroid
TPE
Rituximab

Expired

TMA with unknown ADAMTS-13 activity
Khan et al. 
2013 [12]

14 female Fever, vomiting, re-
spiratory distress and 
LOC for one day

Hb: 7.0
PLT: 42
LDH: 1223
BUN: 75
CRE: 4.4

NA CRRT
TPE

Improved 
and 
survived

13 female Vomiting and LOC few 
hours

Hb: 8.7
PLT: 45
LDH: 1439
BUN: 39
CRE: 3.5

NA CRRT
TPE

Improved 
and 
survived

Merrick et al. 
2014 [13]

9 female LOC PLT: 31
Deteriorating renal function

NA TPE Improved 
and 
survived

Mostofizadeh 
et al. 2018 
[16]

6 female Respiratory distress, 
seizure and deep 
coma

Hb: 8.9
PLT: 62
LDH: 1455
BUN: 60
CRE: 2.7

NA TPE Improved 
and 
survived

Table 2 Case reports of concomitant thrombotic microangiopathy and diabetic ketoacidosis
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one-third of the patients presented with platelet counts 
below 30 × 109/L [11, 15, 17, 20], half exhibited altered 
consciousness [11–13, 16, 21], seizures occurred in two 
cases [16, 21], and a quarter required renal replacement 
therapy [12, 14]. Therapeutic plasma exchange (TPE) 
was utilized in most instances, with only two cases 
treated exclusively with fresh frozen plasma transfusion 
[17, 18]. Notably, only two cases received adjunct treat-
ment with steroids and rituximab alongside TPE [20, 21]. 
Among all reported patients, only one fatality occurred 
[21]. From the pooled reports, DKA can occur along-
side thrombotic microangiopathy (TMA), which may 
or may not be iTTP. Given that iTTP requires specific 
treatments distinct from other types of TMA, testing for 
ADAMTS-13 is crucial for proper clinical management. 
Beyond therapeutic plasma exchange (TPE), which is the 
standard treatment for iTTP, steroids may complicate the 
condition by affecting blood sugar levels and potentially 
exacerbating DKA. Additionally, ADAMTS-13 levels play 
a critical role in evaluating the remission status of iTTP. 
As demonstrated in this case, follow-up of ADAMTS-13 
levels is equally important for guiding adjustments in 
immunosuppressive therapy.

The pathophysiologic association between TTP and 
diabetes mellitus is not well understood, but several 
mechanisms have been proposed in recent studies. Dia-
betes mellitus is a disease that affects the microvascu-
lature, leading to diabetic microangiopathic changes 
through capillary basement membrane thickening, non-
enzymatic glycosylation, increased free radical activ-
ity, and increased flux through the polyol pathway [33]. 
Moreover, alterations in the cholesterol-to-phospholipid 
ratio in the red blood cell membrane may lead to stasis 
within the microcirculation and increased erythrocyte 
mechanical fragility [34]. Hyperglycemia may also induce 
repression of microRNA-24 (miR-24), leading to increase 

von Willebrand factor (VWF) expression and secretion in 
diabetes mellitus [35]. Additionally, plasma ADAMTS-13 
levels are decreased in diabetic nephropathy, poten-
tially due to peripheral consumption for the cleavage of 
chronically increased VWF and an increase in circulat-
ing proteolytic enzymes (thrombin and plasmin) that 
cleave ADAMTS-13. The deterioration of renal function 
in diabetic nephropathy is associated with even lower 
ADAMTS-13 levels and a high VWF/ADAMTS-13 ratio. 
These mechanisms may contribute to increasing severity 
of iTTP and might also trigger the onset of iTTP. There-
fore, the concomitant existence of TTP and DKA may 
not be a mere coincidence [36].

Conclusions
This case report described a patient who presented with 
both DKA and iTTP simultaneously, presenting with 
coma and acute renal failure. Physician awareness of 
iTTP is crucial for prompt recognition and accurate diag-
nosis. Both the PLASMIC and French scores can assist 
in the initial identification of iTTP; however, ethnic dif-
ferences and complex conditions may affect the accuracy 
of these prediction tools. Proposed mechanisms suggest 
that diabetes mellitus might exacerbate the severity of 
iTTP. Therefore, cases like this one, involving concomi-
tant DKA and iTTP, may not occur purely by chance.

Abbreviations
TTP  Thrombotic thrombocytopenic purpura
DKA  Diabetic ketoacidosis
ADAMTS-13  A disintegrin and metalloprotease with thrombospondin type 

1 repeats, member 13
PLT  Platelet count
LDH  Lactate dehydrogenase
BUN  Blood urea nitrogen
CRE  Creatinine
CRRT  Continuous renal replacement therapy
TPE  Therapeutic plasma exchange

Age Sex Initial presentation Lab before TPE/FFP ADAMTS-13 
activity

Treatment for 
TMA

Outcome

Meenakshi et 
al. 2020 [17]

11 male Vomiting and ab-
dominal pain for five 
days

Hb: 10.5
PLT: 16
LDH: 1179
BUN: 125
CRE: 2.7

NA FFP Improved 
and 
survived

Ponnam-
balam et al. 
2020 [18]

2 male Fever and breathless-
ness for 3 days

Hb: 6.2
PLT: 52
LDH: 1133
BUN: 52
CRE: 0.8

NA FFP Improved 
and 
survived 
Develop-
mental 
regression 
(motor, 
language)

Abbreviations: TMA, thrombotic microangiopathy; TTP, thrombotic thrombocytopenic purpura; DKA, diabetic ketoacidosis; LOC, loss of consciousness; Hb, 
hemoglobin (g/dL); PLT, platelet count (K/µL); LDH, Lactate dehydrogenase (U/L); BUN, blood urea nitrogen (mg/dL); CRE, creatinine (mg/dL); ADAMTS-13 activity 
(%) (a disintegrin and metalloprotease with thrombospondin type 1 repeats, member 13); CRRT, continuous renal replacement therapy; TPE, therapeutic plasma 
exchange; FFP, fresh frozen plasma transfusions; NA, not available

Table 2 (continued) 
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