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Abstract

Background: Prior reports have shown acquired thrombotic throm-
bocytopenic purpura (TTP) co-existing with connective tissue disor-
ders (CTD). However, these are mainly limited to case reports and 
case-series reports, and the patient characteristics and clinical out-
comes in these patients are not well known.

Methods: We used National Inpatient Sample and Nationwide In-
patient Sample (NIS) database for the years 2009 to 2016 to identify 
all adult patients with TTP and searched for either the presence or 
absence of any co-existing CTD. These two cohorts of TTP patients 
were then compared using statistical methods for baseline patient 
characteristics and clinical outcomes. The primary outcome of in-
terest was the all-cause in-hospital mortality and the secondary out-
comes were in-hospital length of stay, in-hospital total charge and 
in-hospital complications.

Results: Of the 14,400 cases of TTP diagnosed between 2009 and 
2016, nearly 9% (n = 1,247) had one or more underlying CTD. Pa-
tients with TTP were more likely to be young, black, female, with 
more than one comorbidity and with private insurance if they had an 
underlying CTD than when they did not have any underlying CTD. 
There was no difference in regards to the size, location or type of the 
hospital, or the time taken to initiate plasmapheresis. Patients being 
managed for TTP had a longer mean length of hospital stay and a 
greater mean total inpatient stay charge if they had underlying CTD. 
There was however no difference in the risks of inpatient mortality, 
acute coronary syndrome, cardiac arrest, acute stroke, need for me-
chanical ventilation or hemodialysis.

Conclusion: TTP and CTD frequently co-existed and contributed to a 
longer hospital stay and a greater hospital charge.

Keywords: Thrombotic thrombocytopenic purpura; Connective tis-
sue disorder; Autoimmune disorder

Introduction

Thrombotic thrombocytopenic purpura (TTP) is a form of 
thrombotic microangiopathy characterized by microangio-
pathic hemolytic anemia and thrombocytopenia along with 
end-organ damage like fever, renal dysfunction and neuro-
logical manifestations. It is caused by reduced activity of von 
Willebrand factor (VWF)-cleaving metalloproteinase called 
ADAMTS13. It can occur both as a hereditary and as an ac-
quired disorder. Hereditary TTP is related to mutation in the 
ADAMTS13 gene while acquired TTP is related to the devel-
opment of autoantibodies against ADAMTS13 protein. Ac-
quired TTP has previously been shown to be associated with 
various autoimmune disorders [1-4]. With an overlapping au-
toimmune pathogenetic mechanism, cases of TTP have been 
reported in the background of or as the presenting feature of 
different connective tissue disorders (CTD) [5-10]. However, 
most of the prior literature on the co-existence of TTP and 
CTD is limited to case reports and case-series reports limited 
to a single institute experience. Furthermore, the baseline pa-
tient characteristics as well as clinical outcomes in patients 
who develop TTP in the background of underlying CTD are 
not well known.

Materials and Methods

We performed retrospective analysis for our study using Na-
tional Inpatient Sample and Nationwide Inpatient Sample 
(NIS) database for the years 2009 to 2016 [11]. NIS database is 
sponsored by the Agency for Healthcare Research and Quality 
as part of the Healthcare Cost and Utilization Project (HCUP). 
It is the largest all-payer inpatient care database in the United 
States, containing annual data on more than 7 million hospital 
stays unweighted, and estimates more than 35 million hospi-
talizations nationally when weighted. NIS identifies diseases 
with International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM) code for diagnosis for the 
years 2009 to 2014, with both ICD-9-CM (from January to 
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September) and ICD-10-CM (from October to December) 
codes for the year 2015 and with ICD-10-CM codes for the 
year 2016.

Study population and data extraction

We used NIS to identify all patients above 18 years of age 
with TTP discharged between January 1, 2009 and December 
31, 2016 using ICD-9-CM code 446.6 and ICD-10-CM code 
M31.1. We included only those patients who received thera-
peutic plasmapheresis (ICD-9-CM procedure code 99.71, and 
ICD-10-CM procedure codes 6A550Z3 and 6A551Z3) during 
hospitalization to capture active cases of TTP and improve 
coding accuracy. The presence of connective tissue diseases 
- rheumatoid arthritis, systemic lupus erythematosus (SLE), 
systemic sclerosis, dermatopolymyositis and mixed connec-
tive tissue disease - were identified using the respective ICD-
9-CM and ICD-10-CM codes for diagnosis. The patient char-
acteristics extracted were age, gender, race, comorbidity index 
score and insurance type. Hospital characteristics of interest 
were bed size (small, medium or large), location (urban or ru-
ral) and teaching status (academic or non-academic). The time 
duration in days between admission and initiation of plasma-
pheresis was also extracted.

Outcomes measured

The primary outcome measured was the all-cause in-hospital 
mortality of patients who developed TTP. The secondary out-
comes of interest were in-hospital length of stay, in-hospital 
total charge and in-hospital complications of acute coronary 
syndrome, cardiac arrest, acute stroke, need for mechanical 
ventilation and need for hemodialysis.

Statistical analysis

Baseline patient and hospital characteristics were summarized 
using descriptive statistics and then compared between the 
cohorts of patients with and without underlying CTD. Cate-
gorical variables were compared using the Chi-square test and 
continuous variables using the Student’s t-test. Multivariable 
logistic regression was performed for primary and second-
ary outcomes of interest. Results were considered statistically 
significant for P value less than 0.05. STATA/IC 15.1 O Stata 
Corp LLC was used for all statistical analysis.

Institutional Review Board Approval was not required for 
our study due to the retrospective nature of the study using a de-
identified HCUP database. This study was conducted in com-
pliance with the ethical standards of the responsible institution 
on human subjects as well as with the Helsinki Declaration.

Results

There were total 14,400 cases of TTP diagnosed between 2009 

and 2016. Almost 9% of these patients (n = 1,247) had one 
or more underlying connective tissue diseases (Table 1). Pa-
tients with TTP were more likely to be female if they had an 
underlying CTD than when they did not have any underlying 
CTD (87.3% vs. 64%, P < 0.01). Similarly the proportion of 
blacks was significantly higher (48.9% vs. 39%, P < 0.01) and 
the proportion of whites was significantly lower (34.4% vs. 
47.3%, P < 0.01) in patients with TTP and underlying CTD 
as compared to those with TTP without underlying CTD. The 
mean age at presentation with TTP was significantly lower 
in those with underlying CTD as compared to those without 
CTD (43.87 years vs. 48.64 years, P < 0.01). Almost half of 
the patients with TTP and underlying CTD as compared to 
nearly one-third of those with TTP without underlying CTD 
(45.9% vs. 31%, P < 0.01) had more than one comorbidities. A 
greater proportion of patients with TTP had private insurance 
in presence of underlying CTD as compared to those without 
underlying CTD (53.9% vs. 39.2%, P < 0.01). There was no 
statistically significant difference in the proportion of patients 
with TTP and underlying CTD and those without underlying 
CTD in regards to the size, location or type of the hospital 
where they received their care. Similarly, the mean time taken 
to initiate plasmapheresis for TTP was similar irrespective of 
the presence or absence of underlying CTD (2.92 days vs. 2.77 
days, P = 0.5499).

Patients being managed for TTP had a longer mean length 
of hospital stay and a greater mean total inpatient stay charge 
if they had underlying CTD (18.2 days vs. 15.3 days and 
$76,166 vs. $59,358, P < 0.01). However, the odds of inpa-
tient mortality in TTP were similar irrespective of the pres-
ence or absence of underlying CTD with the adjusted odds ra-
tio (OR) of inpatient mortality in those with underlying CTD 
as compared to those without CTD being 0.96 (95% confi-
dence interval (CI): 0.54 - 1.70, P = 0.882) (Table 2). Simi-
larly, underlying CTD in the setting of TTP was not associ-
ated with higher risks of developing acute coronary syndrome 
(adjusted OR: 0.84, 95% CI: 0.43 - 1.64, P = 0.616), cardiac 
arrest (adjusted OR: 1.69, 95% CI: 0.76 - 3.75, P = 0.201) 
or acute stroke (adjusted OR: 0.80, 95% CI: 0.44 - 1.46, P 
= 0.468) in comparison to those with TTP without underly-
ing CTD. There was also no significant difference in those 
with underlying CTD and those without CTD in the setting of 
TTP in regards to the need for either mechanical ventilation 
(adjusted OR: 1.24, 95% CI: 0.76 - 2.04, P = 0.389) or hemo-
dialysis (adjusted OR: 1.39, 95% CI: 0.97 - 2.00, P = 0.075) 
during their hospitalization.

Discussion

TTP is a rare but potentially life-threatening multisystemic dis-
order [12, 13]. It has classically been described by the pentad of 
microangiopathic hemolytic anemia, thrombocytopenia, fever, 
renal dysfunction and neurological manifestations [14]. How-
ever, early and regular use of plasmapheresis has significantly 
dropped mortality and improved overall clinical outcomes [15, 
16]. As such, early clinical diagnosis of TTP without the clas-
sical pentad of features is important. Microangiopathic hemo-
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Table 1.  Baseline Characteristics of Patients With Thrombotic Thrombocytopenic Purpura

Patient characteristics Without CTD With CTD P-value
Total number of patients 13,153 (91.3%) 1,247 (8.7%)
Gender, n (%) < 0.01
  Male 4,731 (36%) 158 (12.7%)
  Female 8,422 (64%) 1,089 (87.3%)
Race, n (%) < 0.01
  White 5,787 (47.3%) 394 (34.4%)
  Black 4,771 (39%) 560 (48.9%)
  Hispanic 990 (8%) 123 (10.7%)
  Asian 306 (2.5%) 20 (1.8%)
  Native American 75 (0.2%) 9 (0.8%)
  Other 311 (2.5%) 39 (3.4%)
Mean age, years (95% CI) 48.64 (47.98 - 49.29) 43.87 (41.96 - 45.79) < 0.01
Charlson comorbidity index score, n (%) < 0.01
  0 6,994 (53.2%) 346 (27.7%)
  1 2,073 (15.8%) 329 (26.4%)
  2 1,425 (10.8%) 115 (9.3%)
  3 2,661 (20.2%) 457 (36.6%)
Insurance type, n (%) < 0.01
  Medicaid 3,711 (29.7%) 236 (20%)
  Medicare 2,960 (23.7%) 275 (23.2%)
  Private 4,911 (39.2%) 637 (53.9%)
  Uninsured 929 (7.4%) 34 (2.9%)
Hospital bed size, n (%) 0.7024
  Small 1,082 (8.3%) 114 (9.3%)
  Medium 2,643 (20.2%) 265 (21.6%)
  Large 9,361 (71.5%) 849 (69.1%)
Receiving care in academic center, n (%) 10,468 (80%) 1,012 (82.4%) 0.3535
Receiving care in urban hospital, n (%) 10,860 (99.5%) 1,061 (100%) 0.322
Time to plasmapheresis, mean days (95% CI) 2.77 (2.58 - 2.96) 2.92 (2.48 - 3.36) 0.5499
Length of stay, mean days (95% CI) 15.3 (14.7 - 15.8) 18.2 (16.4 - 20.0) < 0.01
Total in-patient stay charge, mean (95% CI) $59,358 ($57,062 - $61,654) $76,166 ($66,311 - $86,022) < 0.01

CTD: connective tissue disorders; CI: confidence interval.

Table 2.  Clinical Outcomes of Thrombotic Thrombocytopenic Purpura in Patients With Connective Tissue Disorders as Compared 
to Those Without Connective Tissue Disorder

Adjusted odds ratio 95% confidence interval P-value
Primary outcome
  Mortality 0.96 0.54 - 1.70 0.882
Secondary outcomes
  Acute coronary syndrome 0.84 0.43 - 1.64 0.616
  Cardiac arrest 1.69 0.76 - 3.75 0.201
  Acute stroke 0.80 0.44 - 1.46 0.468
  Need for mechanical ventilation 1.24 0.76 - 2.04 0.389
  Need for hemodialysis 1.39 0.97 - 2.00 0.075
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lytic anemia and thrombocytopenia in the absence of alterna-
tive explanation is usually sufficient for clinical diagnosis and 
initiation of live saving plasma exchange transfusions.

Reduced activity of VWF-cleaving ADAMTS13 protease 
is central in the pathogenesis of TTP, and can be secondary to 
inherited mutation in the ADAMTS13 gene or the develop-
ment of autoantibodies against ADAMTS13 protein. VWF is 
a glycoprotein secreted by endothelial cells in response to en-
dothelial injury. It is initially secreted as unusually large mul-
timers that are subsequently cleaved by ADAMTS13. In the 
setting of ADAMTS13 deficiency, there is an excess of unusu-
ally large VWF multimers (UL-VWFM) in circulation potenti-
ating platelet aggregation and adhesion leading to widespread 
arteriolar thrombosis and luminal stenosis. Development of 
anti-ADAMTS13 autoantibodies can either be idiopathic or 
secondary to conditions like drugs, malignancy, pregnancy 
and CTD.

The underlying pathophysiological basis for TTP oc-
curring in CTDs is, however, not entirely clear and possibly 
multifactorial. In a study by Matsuyama et al, patients with 
CTD and TTP were shown to have significantly lower aver-
age plasma levels of ADAMTS13 activity compared to normal 
population [17]. However, they tended to have higher average 
plasma levels of ADAMTS13 activity and a significantly low-
er proportion with severe deficiency of ADAMTS13 as com-
pared to those with idiopathic TTP (17% vs. 70%). Besides the 
inhibitory antibodies against ADAMTS13, role of immune-
mediated endothelial injury and non-inhibitory antibodies that 
could trigger TTP by promoting ADAMTS13 clearance from 
the circulation or by altering its cell surface expression have 
been proposed [6, 18, 19]. Decreased ADAMTS13 activity and 
elevated VWF levels have been observed in patients with CTD 
[6, 20, 21]. Furthermore, patients with CTD tend to develop 
vasculitis that subsequently generate high shear stress besides 
impeding the binding of ADAMTS13 for efficient cleavage of 
UL-VWFM [22]. These factors accelerate platelet clumping in 
the presence of high plasma levels of VWF leading to throm-
botic microangiopathies including TTP.

TTP can be seen in the background of CTD or as the ini-
tial presentation of CTD [5-9]. It has been reported in 2% of 
patients with SLE [17]. However, this is mainly reflective of 
patients with known SLE and may be an underestimation as 
patients presenting with TTP are rarely worked up for presence 
of CTD. Furthermore, a variety of secondary autoimmune dis-
orders may develop subsequently at various timeframes after 
TTP [1, 4, 23]. This makes estimating the correct association 
of TTP and CTD highly challenging. In our study, nearly 9% of 
the patients with TTP had one or more underlying CTD. This 
is consistent to prior analysis by Roriz et al in which 10% of 
patients with TTP had a medical history of autoimmune dis-
ease [1]. Furthermore, they reported a cumulative frequency of 
pre-existing, concomitant or subsequent autoimmune disease 
to be 21.5% in patients with TTP. The presence of either anti-
SSA antibodies or anti-dsDNA antibodies at the time of TTP 
diagnosis was associated with a marked risk of subsequent au-
toimmune disorder during follow-up [1].

Timely identification of TTP in the setting of CTD can be 
challenging due to the overlapping clinical features. Each of 
the clinical feature of TTP- hemolytic anemia, thrombocytope-

nia, renal failure, neurological features and fever- can also be 
seen with CTD, and may wrongly be attributed to a CTD flare 
[24, 25]. Presence of schistocytes on peripheral smear, a nega-
tive Coombs test, normal complement levels and a severely 
deficient ADAMTS13 activity favor the diagnosis of TTP [26]. 
The coexistence of CTD and TTP has been reported to be more 
common in young black women [6, 27, 28]. This is consistent 
with the findings of our study where patients with TTP and 
CTD had a lower mean age as well as a higher proportion of 
blacks and females than the TTP patients without any CTD. 
SLE disease activity index score, coexisting nephritis and 
lymphopenia were previously shown to be independent risk 
factors for TTP in the setting of SLE [17, 28]. Though rare, 
the association of CTD and TTP is potentially lethal and war-
rants early diagnosis and aggressive management with plasma 
exchange and immunosuppression. Rituximab is increasingly 
used for refractory cases [29-31].

There have been conflicting reports in regards to the clini-
cal outcomes of TTP in the presence of CTD. Some previous 
studies had reported higher mortality with worse overall prog-
nosis in patients with TTP and CTD than with TTP alone [32, 
33]. Two small case series previously reported mortality rates 
of 46-50% in TTP in the presence of CTD, and was associated 
with presence of concomitant infections and a delay in initia-
tion of plasmapheresis [17, 26]. In our study, presence of un-
derlying CTD resulted in a longer hospital stay and a greater 
in-hospital cost for patients with TTP. However, there was no 
difference in mortality or other clinical outcomes. Such lack 
of effect of the presence of CTD on the clinical outcomes of 
TTP is consistent with some previous studies [1, 6]. There was 
no association with mortality, relapse or exacerbation. Similar 
clinical outcomes in patients with TTP and CTD or TTP alone 
in our study may be related to the comparable average day 
before plasmapheresis was initiated in the two groups. Such 
early initiation of plasmapheresis may also be the reason for 
lower overall mortality in our cohort of patients with TTP and 
CTD as compared to similar cohorts in some other studies. 
Interestingly, a retrospective study by Merayo-Chalico et al 
showed a lower mortality in TTP with CTD than in TTP alone 
[28]. And this was true despite no differences regarding the 
time to plasmapheresis after diagnosis. The same study, in lieu 
of the findings of our current study, showed a longer hospi-
talization stay without any difference in either the need for 
mechanical ventilation or hemodialysis in TTP patients with 
CTD as compared to those without CTD. The longer hospital 
stay in these patients was possibly related to their significantly 
higher rate of infection owing to their greater immunosup-
pression.

There are several limitations to our study. Besides the in-
herent limitation of a retrospective study design, our study is 
based on discharge-level patient data with limited clinical in-
formation. Furthermore, this study utilizes a de-identified ad-
ministrative database and is prone to coding errors that could 
not be individually verified. And with our case definition for 
TTP consisting of patients who had undergone plasmapheresis 
treatment during the same hospitalization, the reported clinical 
outcome circumvents the diagnostic and therapeutic dilemma 
of initiating plasmapheresis. However, our study utilized a 
large sample size available through a national database and, 
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to our knowledge, is the largest study to look into the co-exist-
ence of TTP and CTD.
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