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Thrombotic Thrombocytopenic Purpura

REPORT OF 25 CASES AND REVIEW OF THE LITERATURE
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Introduction

Thrombotic thrombocytopenic purpura (TTP) is
an unusual syndrome characterized by the clinical
picture of microangiopathic hemolytic anemia,
thrombocytopenic purpura, neurologic symptoms,
renal disease, and fever (6, 10, 149).

Amorosi and Ultmann reviewed 271 cases re-
ported in the medical literature from the time of
initial description in 1925 by Moschcowitz to mid-
1964 (6). The present paper reviews 250 cases re-
ported in the English medical literature from 1964
to the present (1980) and 25 cases diagnosed at the
Johns Hopkins Hospital from 1930 to the present
(1-5, 8, 9, 12-17, 19-22, 24-28, 30, 33, 34, 36-43, 45—
51, 53-70, 72-74, 77-79, 81-89, 91-95, 98-101, 103,
105, 107-118, 120, 122-124, 127, 130-138, 141-148,
150-155, 160-162, 164, 167, 170-188, 193-207).

Historical Perspective

In 1925 Eli Moschcowitz first reported a case of
what is now generally referred to as thrombotic
thrombocytopenic purpura (125). He described a
fulminant febrile illness in a 16-year-old female with
hemolytic anemia, bleeding, renal failure, neuro-
logic symptoms, and widespread small vessel hya-
line thromboses. The etiology of the process was
not apparent but it was felt that agglutinated or
congealed red blood cells comprised the vascular
occlusive lesions.

Baehr, Klemperer, and Schifrin published a series
of similar cases in 1936, by which time thrombocy-
topenia was recognized as a contributing factor to
the bleeding problems in these patients (11).

Occlusive platelet thromboses were felt by these
authors to be the important pathologic alteration.
Others including Gore (75), Orbison (139), and
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Singer (180) observed underlying pathologic
changes within the involved vessels, so-called pre-
thrombotic lesions and microaneurysms, and the
beginning of a continuing controversy regarding the
precise pathology of TTP began (71). TTP led to
death in virtually all early described cases, the
clinical course ranging from hours to several weeks
in duration. Among the first 116 cases described
only 4 patients survived (35).

The hemolysis was first suggested by Monroe and
Strauss to result from mechanical trauma to red
blood cells (121). Inclusion of TTP among the var-
ious microangiopathic hemolytic anemias is now
uniformly agreed upon (23), and is a requisite fea-
ture for diagnosis.

The original triad of hemolytic anemia, throm-
bocytopenic purpura, and neurologic disease was
expanded to include fever and renal disease by
Lukes et al in 1961 (104), and further emphasized
by Amorosi and Ultmann in 1966 (6).

Therapeutic efforts including corticosteroids (28,
58), heparin (18, 161), antiplatelet agents (5, 7, 63),
splenectomy (17, 53, 160, 170), exchange transfu-
sions (26, 126, 150, 186), plasma infusion (32, 33},
and others have been associated with varying and
generally unpredictable success. Burke and Hart-
mann in 1959 described long term survival in two
patients with TTP following therapy with large
doses of steroids (29). In the same year the first
report of remission in TTP following fresh blood
transfusion was documented (168).

The spectrum of the syndrome broadened when
it became apparent that patients with TTP could
pursue a more protracted clinical course. This type
of case was the exception rather than the rule, and
in the review of Amorosi and Ultmann in 1966, only
13 patients with classic TTP survived among 271
reported (6).

Summary of Cases Diagnosed at Johns
Hopkins Hospital

Twenty-five cases of TTP have been diagnosed
since 1930 at The Johns Hopkins Hospital. Four
have been previously reported (117). A single case
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occurred in 1932 and was diagnosed retrospectively
on the basis of clinical and autopsy findings; a single
case was diagnosed at autopsy during the 1940s,
and four cases were diagnosed with autopsy confir-
mation during the 1950’s. Prior to 1965 all patients
with TTP died of their disease and the diagnosis
was confirmed by autopsy. Subsequent to 1965 15
patients with T'TP were seen, 6 of whom survived
the disease.

Twenty-two of 25 patients exhibited the triad of
microangiopathic hemolytic anemia, thrombocyto-
penic purpura, and neurologic symptoms. Two of
three patients not demonstrating the classic triad
were autopsied and showed findings typical of TTP,
while the third had thrombocytopenia, neurologic
symptoms, renal disease, and fever, but only mild
anemia. Autopsy findings were consistent with
TTP.

Fourteen of 25 patients exhibited the complete
pentad of clinical features; 20/25 manifesting a fever
of greater than 99.6°F during their clinical course
and 18/25 displaying some evidence of renal disease.
Only 4 of 25 patients developed frank renal failure.

The mean age of these 25 patients was 40.5 years
with a range of 19-77 years. Seventeen were female
and 8 male. Fifteen were Caucasian and ten were
black. The most common chief complaint was weak-
ness, followed by headache, dizziness, confusion and
dysarthria. Twenty-two had fever (>101°F oral).
Hemorrhage was observed in all patients. In 21 it
was manifest cutaneously, 9 experienced gross he-
maturia and 4 had retinal bleeding. Confusion was
the most common finding on neurologic examina-
tion (19 patients). A total of 14 had paresis, 10
headache, and 8 had aphasia.

The mean hematocrit value for these 25 patients
at time of presentation was 21.3% (SE + 1.4) with
a range of 10-42%. The mean white blood count
was 14,300/mm?® (SE =+ 1.6) with a range from 3,000~
40,000/mm?®. All patients with one exception were
severely thrombocytopenic with the mean platelet
count being 20,500/mm® (SE =% 4,000) with a range
from 1,900 to 70,000/mm® The reticulocyte count
mean value for the group was 14% (SE + 2%) with
the range from 1.6 to 44%. The plasma fibrinogen
concentration mean value was 225 mg/dl (SE = 18)
with the range from 77 to 385 mg/dl. The prothrom-
bin time was within the normal range in all but
three patients, while the partial thromboplastin
time was abnormal in only one patient. Fibrinogen-
fibrin degradation products (FDP-fdp) were mea-
sured in eight patients and found to be elevated
above normal in 6. An elevated SUN was found in
19 patients and the serum creatinine was elevated
in all 19. One patient was anuric on presentation.
The total bilirubin mean value was 4.5 mg/dl (SE
+ 1.0) with the range from 0.5 to 22 mg/dl. In these
patients the direct reacting bilirubin was 3.5 mg/dl

(SE + 1.4) with the range from 0.6 to 15.0 mg/dl
The Coombs test was negative in all patients. No
patient evidenced LE cells and the ANA titer was
elevated in two patients. The urine analysis was
abnormal in 23 patients, with detectable proteinuria
in 22, red blood cells (gross and microscopic) in 17
patients, excess white blood cells in 5 patients and
granular casts in 2 patients.

Four of our cases are described in detail, each of
which exemplifies important aspects of the TTP
syndrome.

Case Presentations

Case 1

P.F. was a 77-year-old white female admitted for evaluation
of pancytopenia. Her present illness began three weeks prior to
admission when she was given sulfonamides (Gantrisin) for a
urinary tract infection. She became febrile the day the medica-
tion was started and noted chills, abdominal pain, nausea and
vomiting over the next 5 days. After 7 days sulfonamides were
discontinued and Tetracycline was begun. The patient noted
continued fatigue and mild confusion. Five days prior to admis-
sion her hematocrit value was 14.9%, white blood cell count 5,500
mm® and platelet count 23,000 mm” (hematologic values obtained
1 month previously had been entirely normal). She received one
unit of whole blood and a unit of packed red blood cells, but her
hematologic picture failed to improve. One day prior to transfer,
the patient experienced an episode of dysphasia associated with
numbness and weakness of the left hand which lasted approxi-
mately 5 minutes.

On admission to Johns Hopkins Hospital physical examina-
tion revealed a confused and anxious normally-developed female.
Blood pressure was 150/70 mm Hg, pulse 85/min, and respiration
18/min. Examination of the extremities revealed small petechiae
over the inner aspect of the thighs bilaterally. Retinal hemor-
rhages were present in the left fundus. Initial laboratory studies
showed a hematocrit value of 20%, white blood cell count of
9,800 mm”, platelet count of 20,000 mm®, reticulocyte count 7.0%,
bilirubin of 3.9 mg/dl, SGOT greater than 700 u/liter (normal 0-
19 u/liter), alkaline phosphatase 112 u/liter (normal 10-32 u/
liter), and normal blood calcium, glucose, amylase, and electro-
lytes. A peripheral smear demonstrated numerous fragmented
red blood cells, many polychromatophilic red cells, occasional
nucleated red cells, and markedly diminished platelets. Urinal-
ysis demonstrated mild proteinuria, many white blood cells, and
no red blood cells.

Several hours after admission she experienced an episode of
aphasia. A tentative diagnosis of TTP was made and the patient
begun on methylprednisolone 65 mg IV followed by 50 mg q 12
hour. Ampicillin was administered for a presumed urinary tract
infection.

Other laboratory findings included a haptoglobin of 16 mg/dl,
weakly positive antinuclear antibody (ANA), fibrinogen of 320
mg/dl, and negative FDP-fdp. A urine culture grew significant
numbers of E. coli and a bone marrow aspirate revealed a
hypercellular marrow with pronounced erythroid hyperplasia. A
Coombs test was negative.

On the fourth hospital day the hematocrit was 20.8%, reticu-
locyte count 21.0%, and platelet count 112,000 mm’. She was
given two units of packed red blood cells and was continued on
steroids.
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The patient’s hematologic problem improved gradually and
on the 21st hospital day, prior to discharge, her hematocrit value
was 36%, platelet count 200,000 mm?®, and peripheral smear
normal.

Following discharge steroids were tapered over a several
month period and she remains well 2.5 years later.

Comment: This patient displayed a microangio-
pathic hemolytic anemia, thrombocytopenia, tran-
sient neurologic symptoms, and possible renal dis-
ease consistent with TTP. The onset of her illness
was temporally related to sulfonamide therapy for
a lower urinary tract infection. Additional history
revealed she had experienced a febrile illness ap-
proximately 1 year previously while receiving sul-
fonamides (Gantrisin) for another urinary infection.
TTP in this instance most likely was a drug-related
hypersensitivity-type process. This has been re-
ported on rare occasions previously (1, 22, 40, 81,
137, 140, 148).

Case 2

B.L. was a 45-year-old black female with known hypertension
and two previous cerebrouascular accidents, one 10 years before
admission and the second 1 month before admission, associated
with no significant residual deficit.

She presented to the Johns Hopkins Hospital with a one-day
complaint of right sided weakness followed by progressive dis-
orientation. On the day of admission she developed nausea,
vomiting, and hematochezia. Physical examination revealed a
blood pressure of 160/85, temperature 99°F, pulse 90, and res-
pirations 18 per minute. She had decreased motor strength of
the left upper and lower extremities. No other significant findings
were noted. Her medications included quinidine, Reserpine, Hy-
groton, and KCl. Her hematocrit value was 19%, white blood cell
count 14,300 mm®, and platelet count 8,000 mm®. A peripheral
blood smear revealed poikilocytosis with many fragmented cells.
A reticulocyte count was 11.2%. PT, PTT, and fibrinogen were
normal. FDP-fdp were mildly positive at titer of 1:16 and on
repeat of 1:32. Direct Coombs, circulating anticoagulants, and an
in vitro clot retraction inhibition test performed using normal
platelets, quinidine, and patient plasma were normal. A bone
marrow aspirate was cellular with many erythroid and megakar-
yocytic elements. A chest radiograph was normal. An electro-
cardiogram showed nonspecific changes. Serum creatinine was
3.4 mg/dl. Urinalysis showed 2+ proteinuria and a brain scan
showed no changes from previous examinations. She received
packed red blood cells, and was begun on methylprednisolone 60
mg q.d. She improved gradually and was discharged after a 2
week hospitalization on folate and pyridoxine.

Three weeks later, she returned with a left hemiparesis and
aphasia. She had a temperature of 104°F, a hematocrit of 25%
with a microangiopathic peripheral blood smear, and a platelet
count of 53,000 mm®, Serum creatinine was 6.3 mg/dl. Coagula-
tion studies and a muscle biopsy were normal. She was begun on
thigh dose steroids with resolution of her neurologic, renal and
‘hematologic problems over the next several weeks. She was
discharged after an 18 day hospitalization and continued on
prednisone 75 mg q.d. with gradual tapering of the dose.

Three months later, she was hospitalized for a pulmonary
embolus, documented by angiography, and was treated with

heparin. Her platelet count went from 162,000 mm* on admission
to 46,000 mm’ over a 5-day period while on heparin. Values
returned to normal after heparin was discontinued. She was
discharged on coumadin and prednisone 60 mg q.d.

At last follow up, 2.5 years after diagnosis of TTP, her
hematologic status was normal. She continues taking prednisone
15 mg q.d.

Comment: This patient exhibited recurrent epi-
sodes of TTP which in both instances responded
dramatically to steroid therapy. Recurrent attacks
of TTP occur in approximately 7.5% of the reported
cases.

Case 3

J.B. was a 56-year-old white female with known arthritis
(non-rheumatoid) managed with aspirin. She was allergic to
sulfonamides. Five months before her Johns Hopkins Hospital
admission, she noted easy bruisability and petechiae and 4
months before admission developed a “chest cold” which failed
to resolve. She was hospitalized elsewhere one month before
admission, complaining of shortness of breath and headaches.
Her hematocrit value was 26% and initial platelet count 200,000
mm® which dropped to 55,000 mm® several days later. Serum
creatinine was 5.1 mg/dl and urea nitrogen 63 mg/dl. Urinalysis
revealed numerous red blood cells. A Coombs test, serum fibrin-
ogen, partial thromboplastin time (PTT) and ANA were normal.
She received blood transfusions (four units), prednisone 40 mg
q. 8 hours, and was hemodialyzed after her renal function dete-
riorated. Her condition failed to improve and she was transferred
to Johns Hopkins Hospital for evaluation.

Physical examination revealed a blood pressure of 180/95,
pulse of 80, and respirations of 14 per minute. Skin examination
revealed scattered petechiae over the extremities and ecchy-
moses on the forearms. Petechiae were present on the palatal
mucosa. Chest examination demonstrated rales bilaterally and
decreased breath sounds at the lung bases. There was mild
pitting edema of the lower extremities. Neurologic examination
showed some recent memory loss and difficulty with serial 7s.
No localizing findings were observed.

Laboratory findings included the following: Hematocrit value
29%, white blood count 10,100 mm®, platelets 59,000 mm®, serum
urea nitrogen 166 mg/dl, calcium 7.8 mg/dl, phosphorus 6.3 mg/
dl, total serum protein 4.3 g/dl, and albumin 2.6 g/dl. Rheuma-
toid factor was positive at a titer of 1:320. Bilirubin, SGOT, an
ANA test, and a Coorrbs test were normal. Coagulation studies
including prothrombin time (PT), PTT, fibrinogen and tests for
FDP-fdp were negative.-C4 was 8 mg/dl (normal 11-75 mg/dl)
and C3 was 35.mg/dl (normal 55-120 mg/dl). Urinalysis revealed
3+ protein and numerous red blood cells. A peripheral blood
smear showed occasional fragmented red blood cells. An electro-
cardiogram showed ST elevation .in lead 1 and aVL and ST
depression in leads III and aVF raising the possibility of inferior
lateral wall myocardial ischemia.

The patient was -anuric and hemodialysis and steroids were
begun. She became progressively disoriented. On the 31st day of
hospitalization she became ‘abruptly nonresponsive and coma-
tose. Her platelet count was 39,000 mm® and coagulation profile
normal (PT, PTT, fibrinogen and FDP-fdp). EMI scan demon-
strated a probable pontine hemorrhage. The patient died on the
36th hospital day.

Autopsy examination revealed microscopic findings consistent
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with TTP including conspicuous microvascular thrombi involv-
ing the brain and kidney, with less severe involvement of the
pancreas, adrenal glands and other viscera. There was no evi-
dence of vasculitis.

Comment: This case demonstrates a pattern of
visceral involvement different than that usually
seen, with the brain and kidneys displaying the
most severe pathologic findings. It resembles the
adult hemolytic-uremic syndrome (HUS) which ap-
pears to overlap in many instances with TTP (90,
128). The clinical picture was suggestive of some
type of immunological disease such as SLE with
renal failure, or a vasculitis.

Case 4

S.N. was a 19-year-old obese white female with a history of
easy bruisability for at least 6 months, and a 3-week history of
weakness and fatigue. Approximately 1 month prior to admission
she experienced an episode of aphasia and altered consciousness
which lasted 15 minutes. One week prior to admission her
hemoglobin was 5 g/dl, platelet count of 16,000 mm®, and retic-
ulocyte count 7.2%. She developed severe bifrontal headaches
and was transferred to the Johns Hopkins Hospital.

On admission physical examination revealed a pale, slightly
jaundiced, uncooperative female who complained of severe fron-
tal headaches. Her heart rate was 105/minute; remaining vital
signs were normal. Small bruises were noted on her extremities
and blood was present within her vagina. Retinal hemorrhages
were present bilaterally. The spleen was palpable.

Admission laboratory studies included a hematocrit value of
14.5%, white blood cell count of 7,000 mm’, and platelet count of
9,000 mm®. A peripheral blood smear showed many misshapen
and fragmented red blood cells; polychromatophilic, stippled,
and occasional nucleated red blood cells. A chest radiograph was
normal; electrocardiogram was normal with the exception of
sinus tachycardia. Urinalysis showed many red blood cells; how-
ever, the patient was menstruating. Bilirubin was 2.8 mg/dl
(direct 0.7 mg/dl), creatinine 1.0 mg/dl, haptoglobin 0, hemo-
pexin 35 mg/dl (normal 50-100 mg/dl), and an LE preparation,
a test for rheumatoid factor and a direct Coombs test were
negative. Liver enzymes, alkaline phosphatase, C3, C4, total
serum protein, PT and PTT were normal. The fibrinogen was
240 mg/dl and FDP-fdp were weakly positive at a titer of 1:16.

The patient was begun on prednisone 150 mg q.d. and was
given two units of packed red blood cells. Her headaches disap-
peared promptly. However, her hematologic status failed to
improve, and at the end of 1 week of hospitalization her hema-
tocrit value was 18.5% and platelet count 28,000 mm® She
received a 12 unit plasma infusion over a period of 12 hours with
no observable effect. After two weeks of hospitalization aspirin
600 mg q.i.d. and dipyridamole (Persantine) 100 mg t.i.d. were
begun. Sulfinpyrazone 400 mg q.d. given in divided doses was
begun on the third week and prednisone was reduced to 70 mg
q.d. The hematocrit value was 22.7% and platelets 45,000 mm’.

She improved gradually and was discharged on prednisone,
aspirin, sulfinpyrazone, Persantine, and Megace. Ten days later
her hematocrit value was 32%, platelet count 93,000 mm’, and
reticulocyte count 8.2%. She was maintained on 30 mg q.d. of
prednisone and continued to show gradual hematologic improve-
ment. One month later hematologic values were within normal
limits. After one year she is receiving no medication.

Comment: This patient with TTP exhibited he-
matologic abnormalities which appeared refractory
to a host of therapies including steroids, plasma
infusion, and antiplatelet drugs. She recovered but
it is difficult to attribute her improvement to any
specific agent. Why her disease did not progress is
not apparent; but more cases of TTP-like syndrome
have been observed over the past decade which
exhibit variability in severity.'

Literature Review

Frequency

TTP is a rare disorder. Since 1960 approximately
one case per year has been diagnosed at Johns
Hopkins during which time yearly admissions
ranged from 45,625 to 51,718.

Age/Sex (Figure 1)

Amorosi and Ultmann cited a 3:2 female:male
ratio (6). Since 1965, 192 females and 78 males have
been reported with TTP. Racial tendencies are
difficult to evaluate, but since 1965 of the reported
cases 81 were Caucasians and 25 blacks.

Most cases occur between the first and fourth
decades with a peak incidence in the third decade.
In this review cases spanned a broader range with
a peak in the third decade (see Table 1). Occasional
cases developed during infancy or the neonatal
period (20, 120) and rare cases have been reported
in patients over the age of 70 (40, 137).

Clinical Manifestations (Tables 1 and 2)

In addition to presenting with rather nonspecific
constitutional symptoms including malaise, fatigue,
and weakness (64 patients), nausea and vomiting
(55 patients), and fever (37 patients), the most
frequent chief complaints of patients were neuro-
logical (including headaches) (116 patients) or re-
lated to hemorrhagic problems (86 patients). Eigh-
teen patients complained of antecedent upper re-
spiratory tract symptoms and 12 of arthralgias or
myalgias.

Thirty-two complained of abdominal pain, usu-
ally dull and generalized in quality; and 6 patients
presented with anginal-type chest pain—most likely
secondary to severe anemia.

These data are comparable to those observed by
Amorosi and Ultmann (Table 1).

During their course 104 of 258 patients (40%)
exhibited microangiopathic hemolytic anemia,
thrombocytopenic purpura and/or other gross hem-
orrhagic signs, neurologic symptoms, fever, and

" A detailed table with all information on each of the 25
patients is available from the authors upon request.
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FiG. 1. Age, race and sex distribution in 270 patients with
TTP. Sex: female, 192; male, 78. Race: White, 81; Black, 25.

TABLE 1. Presenting Chief Complaints in 225 Patients

problems. Renal disease was present in 76% and
fever in 59%.

Bleeding and Purpura

Skin was the overwhelming site of hemorrhagic
manifestations in patients with TTP. In 171 of 214
patients with clinically apparent bleeding, pete-
chiae, purpura, or ecchymoses of the skin were
evident. Twenty-five patients had retinal hemor-
rhages; 30, gross hematuria; and 29, conjunctival or
mucous membrane bleeding. Twenty-one patients
manifested gynecologic bleeding, often as a pre-
senting symptom, while 15 had gastrointestinal
bleeding, and 13 had epistaxis. A single patient
experienced hemoptysis.

Neurologic Manifestations (Table 3)

The most frequently observed neurologic prob-
lems included confusion (82 patients), headaches
(68 patients), pareses (73 patients), and transient
dysphasia or aphasia (73 patients). Unusual behav-

with TTP ior or “altered” mentation were described in an
4 o Amorosi and additional 32 patients. Neurologic symptoms were
v Ultman % usually transient and often recurrent.
Neurologic (any) 116 52 60
Neurologic (headache only) 35 15 Renal Manifestations (Table 4)
Hemorrhagic 86 38 44 ) .
Malaise, fatigue, weakness 64 29 25 Gross or microscopic hematuria was the most
Nausea, vomiting, diarrhea 55 24 24 frequent renal abnormality found. Roughly one-
Fever ) 3718 20 fifth of patients with hematuria had gross hematu-
Abdominal pain 32 14 11 2 P . X d ified i 9% of .
Flu-like syndrome 18 9 ria. Proteinuria was identified in 59% of patients
Dark urine 13 6
ia, i 6 7 . . . .
éﬁl}lﬁa‘lj‘; myalgia A TABLE 3. Neurologic Manifestations in TTP (218
Cough 6 3 Patients)
Icterus 5 2.5 9 # %
Headache 68 31
Confusion 82 37
TABLE 2. Incidence of the Pentad Features in 258 Altered mental state 32 15
Patients with TTP Paresis 73 33
- Amorosi and Aphasia, dysphasia 73 33
# % Ultmann % Coma 45 20
Seizures 44 20
Microangiopathic hemolytic ane- 254 98 96 Paresthesias 31 14
mia Visual problems 31 14
Thrombocytopenic purpura (or 214 83 96 Ataxia, vertigo 5 25
other bleeding) Syncope 2
Neurologic symptoms 218 84 92
Renal disease 196 76 88
Fever . 15259 98 TABLE 4. Renal Manifestations in TTP (196 Patients)
Triad (anemia, purpura, neuro- 192 74 :
logic) # %
Pentad 104 40 Hematuria (any) 149 76
Gross 30 15
Proteinuria (any) 116 59
renal abnormalities. One hundred and ninety-two 2>‘55 g//;:;’ g
. . : g
Of: 258 patients (74%) dgyeloped the, Cla§SIC trla(‘i’ SUN =30 mg/dl and/or creatinine >2.0 89 45
with all but three individuals manifesting a mi- mg/dl
croangiopathic hemolytic anemia, 218 of 258 pa-  SUN >50 mg/dl and/or creatinine >5.0 24 12
tients (84%) displaying neurologic symptoms and mg/dl
Acute renal failure 23 1.5

214 of 258 patients (83%) developing hemorrhagic




418 RIDOLFI AND BELL

with renal disease. It was usually graded as 1+ or
2+ by dipstick. Six patients had documented pro-
teinuria of over 2 g/day. Mild elevations of serum
urea nitrogen and/or creatinine were also common
(44). Twenty-three cases of acute renal failure were
reported.

Other Organ Systems

Significant cardiac involvement may be more fre-
quent than generally appreciated and can contrib-
ute to left sided congestive failure and sudden death
(69). The latter probably occurs as a result of mi-
crothrombi and related tissue injury within the
cardiac conduction system (163).

Pulmonary involvement in TTP (21, 85) is most
likely secondary to cardiac or general fluid and
metabolic problems seen in these patients (163).

Pancreatitis has been described (138), and rarely
is the presenting manifestation of the syndrome.
Mild pancreatitis may be the cause for the present-
ing complaint of abdominal pain noted in many
patients (Table 1).

Ocular involvement is often noted (6, 100, 143).
In Percival’s review retinal hemorrhage was noted
most frequently with choroidal hemorrhage, retinal
detachment, and papilledema observed less (143).

Laboratory Findings

Hematologic

Microangiopathic hemolytic anemia is often se-
vere. Eighty-nine percent (211/237) of the patients
had hemoglobin values of less than 10 g/dl and 38%
(90/237 patients) had values below 6.5 g/dl. TTP
without anemia is unusual, although in rare in-
stances the hemolytic process is compensated for
fully (6). Three percent (6/237) of the patients in
the current review had normal hemoglobin values.

Red blood cell indices are invariably normocytic
and normochromic unless superimposed on a coin-
cidental problem such as iron deficiency or an as-
sociated megaloblastic process. The peripheral
blood findings in typical cases show numerous frag-
mented red blood cells (schizocytes) and other mis-
shapen red blood cells. Polychromatophilia and ba-
sophilic stippling are often conspicuous, and nu-
cleated red blood cells may be plentiful. In 53 cases
the presence of nucleated red cells was noted. Re-
ticulocyte counts (uncorrected as given) were with
rare exception elevated. In 43.5% (78/179 patients)
where reticulocyte counts were recorded, they
ranged between 2 and 10% and in 35% (63/179
patients) of the reported cases were greater than
20% of the circulating erythrocytes. Six patients
had reticulocyte counts of less than 2%.

The hemolytic anemia is characteristically
Coombs negative. Since 1965 six cases have been

reported in which the direct Coombs test has been
positive (17, 26, 56, 62, 143, 160). In two cases the
reaction was weak (17, 143); in one, the reaction
was initially negative and on repeat was positive
with complement present on the red cells (160) (this
patient had an underlying mycoplasma infection);
in one case IgA and C1 were detected on the eryth-
rocytes (62); in a single case the positive reaction
was described in a patient with SLE and TTP (56);
and in another instance the positive reaction was
associated with a positive LE preparation (26). With
the possible exception of one case there is no evi-
dence that the hemolytic anemia was immune in
character (62, 131).

Other laboratory values indicating red cell he-
molysis include elevation of LDH and plasma he-
moglobin and decreased haptoglobin and/or hem-
opexin (1, 6, 78, 130, 150, 160).

White blood cell counts were increased in 56%
(99/176) but in 40% (71/176) of the cases were
normal (4.2-10.5 X 10°>/mm?®). Leukopenia was de-
scribed in only six cases. Differential counts were
generally unremarkable; in those individuals with
leukocytosis a left shift was often observed.

Severe thrombocytopenia is characteristic of
TTP. Platelet counts less than 20,000 mm?® were the
most common in 56% (126/225 patients) with plate-
let counts between 20 and 60,000/mm?® noted less
often in 39.5% (89/225 patients). In a single instance
the platelet count remained above 200,000/mm®.

Bilirubinemia is common, usually due to eleva-
tion of the unconjugated fraction, secondary to red
blood cell hemolysis. Seventy-nine percent in 122/
155 patients in whom values were recorded had an
elevation of total serum bilirubin above 1.5 mg/dl
and in 41.5%, 64/155 patients, the values were
greater than 3.0 mg/dl.

Coagulation Studies

This particular area has been one of controversy
but a general pattern of abnormalities has emerged.
The majority of patients with TTP have either
normal or mildly deranged coagulation studies. Pro-
thrombin times were normal in 88% (110/125}); par-
tial thromboplastin times were normal in 94% (100/
106); and plasma fibrinogen was normal in 79%
(107/137). In only seven cases was the plasma fi-
brinogen less than 100 mg/dl.

Fibrinogen-fibrin degradation products (mea-
sured with a variety of different techniques) were
normal in 53% (35/67) and weakly positive in 23%
(15/67). In 26% (17/67) FDP-fdp were present at a
titer of greater than 1:32 or were more than 25 mg/
dl. Jaffe et al reported 12 patients with TTP in
whom they performed coagulation studies (86).
They concluded that the majority of patients had
normal or minimally altered coagulation studies
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and that in those few in whom disseminated intra-
vascular coagulation (DIC) was probably present,
the alterations were probably secondary to systemic
TTP.

Other Studies

Amylase elevations and associated evidence of
pancreatitis were noted in two cases in this review
(21, 138) and have been noted previously (6). In
light of the pathologic involvement of the pancreas
in TTP, it is surprising that they are not more cften
elevated. SGOT and SGPT may be elevated but
the pathogenesis of these alterations is not clear.
Liver and muscle involvement in TTP is minimal.

LE cell preparations were positive in five patients
included in this review (4, 26, 56, 183) and ANA was
positive in five instances (8, 48, 55, 133, 171). Both
tests were positive concomitantly in only one pa-
tient (56). Positive ANA tests were associated with
normal anti-DNA binding in 3/4 cases. Among the
nine patients with these positive serologic studies
only two had a clinical diagnosis of SLE (4, 56).
Complement levels in 10 cases were normal (28, 43,
48, 68, 111, 133, 164, 167) and in another instance,
were mildly diminished (115). Cameron and Vick
described decreased plasma C3 in 5 of 10 patients
with HUS or TTP during the acute phase of the
illness (36). Rheumatoid factor has occasionally
been observed (17, 59).

Premortem Tissue Findings

Approximately 72% of splenectomy specimens
show intravascular hyaline thrombi. Among 68 sple-
nectomy specimens, 49 showed characteristic path-
ologic changes (5, 13, 17, 37, 53, 56, 58, 60, 68, 72, 83,
89, 95, 110, 122, 132, 145, 160, 170-172, 188, 199, 200,
202, 203).

Biopsy of gingival tissue showed typical changes
of TTP in 45% (18/40) (8, 26, 28, 67, 72, 110, 115,
171, 175). A recent review of gingival biopsies in
patients with TTP revealed a lower diagnostic yield
(39%) and warned of the nonspecificity of the his-
tologic changes (73).

Bone marrow aspirates reported in 105 patients,
showed hypercellular marrows with erythroid hyer-
plasia and prominent megakaryocytes. Bone mar-
row biopsies yielded “positive” findings in six in-
stances (20, 78, 99, 150, 169, 194). Bone marrow
biopsies were performed in four patients in our
series and one showed microthrombi. In reviewing
bone marrow sections from our 17 autopsied cases,
hyaline thrombi were identified in 11 instances, but
were conspicuous in only three. Bone marrow par-
ticles were reported positive in 8/17 cases at the
time of Amorosi and Ultmann’s review but subse-
quently, positive findings appear to be infrequent.

Positive biopsy findings have been reported in rare
instances from skin (26, 127), muscle (26, 72), lymph
node (37, 56, 60, 66) and kidney (59, 110, 193, 198).
Patients with TTP rarely have lymphadenopathy.
If lymph nodes are palpable, they may prove to be
of diagnostic value. Liver biopsies have not shown
diagnostic changes.

Clinical Course and Therapy

Survival is the most notable difference between
patients with TTP reported since 1965 and those
reviewed by Amorosi and Ultmann. Of the 271 cases
previously reviewed, there were 27 survivors (ap-
proximately 10%). Of these, 14 were thought to have
either hemolytic-uremic syndrome or systemic lu-
pus erythematosus, with only 13 survivors having
classic TTP (approximately 5%) (6). Of the 275
cases in the present review there were 127 survivors
(46%). It is probable that an increased awareness of
TTP has led to both earlier detection and recogni-
tion of milder forms of the syndrome over the past
decade. In addition, improved supportive therapeu-
tic measures and newer modes of therapy directed
specifically at underlying pathophysiologic altera-
tions, such as antiplatelet therapy and plasmapher-
esis, may have contributed to these improved sur-
vival statistics.

Although TTP is usually thought of as a fulmi-
nant disorder, many patients have recurrent epi-
sodes of several months duration before succumb-
ing. Sixty of 127 patients (47.5%) who died of disease
had a hospital course of less than seven days. Forty-
five patients (36%) died between 2 and 4 weeks of
hospitalization and 22 (17%) after a month or more
of illness.

Seventy-four of 105 patients who recovered had
courses from several weeks to several months. Eight
recovered in less than 1 week, 23 in 1 to 2 weeks
and 37 in 2 to 4 weeks.

Relapses occurred in 18/132 patients (7.5%) and
approximately 50% died following such a recurrence
(17, 19, 22, 50, 53, 56, 65, 68, 72, 79, 83, 84, 120, 133,
151, 164, 171).

A plethora of therapeutic combinations have
been utilized, making meaningful evaluation vir-
tually impossible (27, 31, 32, 49, 76, 97, 126, 129, 158,
166, 186, 191). Identical combinations used in at
least 12 patients which were associated with better
than average survival (greater than 46%) include
steroids and splenectomy, 19/29 patients (65%), ste-
roids, splenectomy and antiplatelet drugs, 8/14 pa-
tients (54%), steroids and plasma exchange therapy
7/13 patients (54%) and steroids, splenectomy and
average molecular weight dextran 10/12 patients
(82%). Among all patients receiving steroids 50%
lived. For patients undergoing splenectomy this
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figure is 62%; for those receiving antiplatelet ther-
apy, 60%; and for patients undergoing exchange
transfusion or plasma infusion, 70%. In patients who
received multiple therapies there appeared to be a
clinical response temporally related to one of the
agents such as steroids, antiplatelet drugs or plasma
infusion (26, 28, 33, 150, 171). Recent reports ques-
tion the value of antiplatelet agents in TTP (27,
126) and our own experience of failure in four
patients is disconcerting.

A recent therapeutic measure is some form of
blood or plasma exchange (partial or total body
exchange), and plasma infusion. Forty-seven of
sixty-seven patients (70%) managed with plasma
therapy (exchange, pheresis or infusion) survived
(8, 26, 28, 33, 47, 50, 56, 57, 66, 82, 103, 110, 112, 114,
127, 137, 150, 155, 162, 168, 170, 171, 182, 185, 188,
195, 197, 201, 202). All but six of these patients
received concomitant corticosteroids (26, 28, 103,
127, 150) and many other therapeutic agents. In
some instances immediate improvement appeared
directly after the plasma therapy (28, 32, 127, 171)
whereas in other patients the improvement ap-
peared unrelated (26, 150, 171). Some patients with
TTP in coma, on treatment with steroids without
response, promptly regained consciousness during
the plasma procedure (26, 28, 112, 114, 171). In
many of these patients, there was also reversal of
the hemolytic anemia and thrombocytopenia. In
others there was only partial improvement in their
hematologic status. In some patients the favorable
response lasted only a few days. Reinstitution of
plasma therapy has been observed to result in re-
turn of CNS function. In a few patients plasma
infusion alone in the absence of any additional
medications has appeared to be beneficial (32, 103).
Thus some form of plasma therapy may be an
effective means of reversing TTP in some patients
(27, 76, 126).

Administration of prostacyclin (PGI,), prosta-
glandin X, and epoprostenol in three patients (47,
48, 106, 158) and in four other cases (unpublished)
was unsuccessful.

In a recent series 13 of 15 patients who had
splenectomy survived and were disease free (87%)
at the time of reporting (54).

At present a practical therapeutic approach may
be the following:

a) If the patient is relatively stable and free of or
with only minor central nervous system manifesta-
tions, e.g., mild headache, the initial treatment
should be with corticosteroids (100-200 mg/day
prednisone or equivalent); in those patients with
hepatic insufficiency, methyl-prednisolone in the
same dose. In our experience patients who respond
to corticosteroids do so within 24-72 hours.

b) If the patient presents with major neurologic
disturbances such as coma, or the patient fails to

respond to high dose steroids alone, some type of
plasma therapy should be given. In our experience
plasma exchange, accomplished by plasmapheresis
and replacement with fresh frozen plasma, has
yielded the best results. The volume removed and
replaced is 35-40 ml/kg/exchange (requiring 10-15
units of fresh frozen plasma for each exchange).
The frequency of plasma exchange is determined
by the clinical response and by changes in serum
lactic acid dehydrogenase (LDH) (185). Failure to
reduce the LDH activity below 700 IU/dl indicates
insufficient plasma was exchanged (185). The fre-
quency and duration of plasma therapy has not
been defined. This therapy should be guided by
clinical status, serum LDH, the reticulocyte count,
fragmented RBCs in peripheral smear, the platelet
count and hematocrit value. If the patient fails to
respond after daily or twice daily plasma exchanges
after 7 days no benefit can be expected.

c) If the patient responds initially to plasma
exchange and repeatedly relapses, the addition of a
single antiplatelet agent or a combination of anti-
platelet agents (aspirin, dipyridamole, sulfinpyri-
zone) should be considered.

d) If the patient fails to respond to the combina-
tion of steroids, plasmapheresis, plasma exchange
and antiplatelet agents, then splenectomy should
be considered.

There is little evidence for the use of heparin,
dextran, magnesium or cytotoxic immunosuppres-
sive agents.

There are at least three reasons why survival in
TTP is better than it was 10-15 years ago: 1) the
diagnosis is being made earlier in the course of the
illness; 2) general supportive medical care is signifi-
cantly better now than it was earlier; 3) plasma
therapy in the form of exchange, infusion or in
combination with pheresis.

Etiology-Pathogenesis

The precipitating causes of TTP are probably multiple.
Drugs, toxic substances, and infectious agents have appeared to
trigger the syndrome. A variety of immunologic disorders have
been associated with TTP or TTP-like illnesses. An unexpect-
edly large number of cases have been described in the obstetric
literature. Underlying malignancy has seldom been documented
(24, 41). Rare instances of TTP occurring in siblings (68, 135,
141, 198) and in husband and wife simultaneously (199) have
occurred.

The majority of cases (greater than 90%) develop without an
apparent causal event or an underlying disease process.

Drugs and Toxins

In the present review series six patients were thought to have
developed TTP in relation to the administration of a variety of
drugs (1, 22, 40, 81, 140). In many other cases drugs may have
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precipitated the illness; however, the association may have been
fortuitous (14, 137, 160, 164, 171, 185, 187). In two instances T'TP
developed during the administration of penicillamine (1, 81) and
in two cases, related to sulfa compounds (40). One case appeared
related to both penicillin and ampicillin administration in a
patient with recurrent episodes following usage of each drug
(140) and in another, episodes of TTP developed on three
different occasions following the administration of penicillin
twice and neomycin once (22). Sulfonamides and penicillin have
been implicated in cases antedating this review as have iodine,
chloropropamide, procainamide, and oxyphenarsine (6). Several
cases have been reported in which oral contraceptive agents
were thought implicated (54, 196).

Two reports have documented TTP following vaccination;
one following influenza vaccination (25) and the second, after
polio vaccination in a seven-month-old child (20).

Toxins have rarely been suggested as possible etiologic agents.
Pilz et al described a case in which chloronaphthalene in varnish
was thought to be the causative agent (148) and Stonesifer
reported a case of TTP following carbon monoxide poisoning
(184). A single case of TTP developed following a dog bite (109).

Infectious Agents

Berberich reported two cases in which Coxsackie B virus was
implicated (14). Both occurred in pediatric patients. Mycoplasma
was implicated in a single case reported by Reynolds (160) and
in 1969, Mettler isolated a Microtatobiote {order Rickettsaiales)
from two patients with HUS and a third with TTP (115).
Bacteria have not been described as causative agents.

Nonspecific viral-type upper respiratory tract syndromes
have preceded TTP in at least 18 cases (Table 1).

Immunologic Diseases

Convincing cases of SLE associated with TTP are rare; five
cases were reported among this review population. We feel only
three are acceptable as described. Alpert’s case report (4) and
the first of two cases (55) described by Dekker et al with SLE
were diagnosed clinically with serologic confirmation prior to the
development of TTP. Both patients died of TTP and autopsies
revealed microvascular thrombi unassociated with vasculitis.
Additionally, in Alpert’s case, light microscopic and immunoflu-
orescent findings in the kidneys were consistent with SLE. The
second case of Dekker et al is consistent with the concomitant
development of TTP and SLE. TTP was confirmed histologically
in both the spleen and lymph nodes. Positive cell preparations
and elevated ANA titers were noted during the acute illness.
Ramkissoon described a patient who died with non-bacterial
thrombotic endocarditis (NBTE) and thromboemboli (153). Se-
rologic studies for SLE were negative and a microangiopathic
anemia was not described.

In 1964 Levine and Shearn retrospectively reviewed 151 cases
of TTP and recorded findings suggestive of SLE in 23% (34
cases) (100). In 25/34 instances this suggestion was based on the
presence of “Libman-Sacks endocarditis” only, and the diagnosis
of SLE was otherwise unsupported. As Amorosi and Ultmann
noted (6), the precise character of the endocarditis in many of
these cases is questionable and most probably represents NBTE
and not Libman-Sacks endocarditis (vide infra). Only 5 of the 34
patients had positive LE cell studies.

An association with Sjogren’s syndrome has been suggested
in three patients reported by Steinberg et al (181). The diagnosis

of TTP in their cases was not certain, and by strict criteria
cannot be substantiated.

Other immunologic diseases (131) have antedated the devel-
opment of TTP including rheumatoid arthritis (59, 66), ankylos-
ing spondylitis (6), polymyositis (112), Graves’ disease (127) and
immune thrombocytopenic purpura (ITP) (152, 206).

Fagiolo described a patient with T'TP who displayed pancy-
topenia and evidence of an autoimmune hemolytic process(62)
IgA and C1 were identified on red blood cells, antileukocytic
antibodies were demonstrated, and a thromboagglutination test
was positive. This patient had no evidence of an underlying
immunologic disorder. This is the only instance in the present
review series in which thromboagglutinins were found. In other
cases investigations for platelet antibodies have been negative
(8, 20, 89, 150, 171). In a single case Morrison and McMillan
demonstrated elevated platelet-associated IgG (124). In another
case Meister et al, described immune complexes in a patient
with TTP which were composed of IgG and platelet membrane
antigens (114). Others have failed to demonstrate immune com-
plexes in TTP (8, 43, 124).

Few immunologic tissue studies have been performed and in
only three instances in which SLE was not coexistent with the
findings suggestive of an immune pathogenesis. Mant et al
demonstrated IgM, complement, and fibrin within thrombotic
TTP vascular lesions (107). Weisenburger et al noted similar
findings in another case (200), and Ryan et al detected IgG and
C'in TTP vascular lesions in the spleen (171). Others have failed
to demonstrate IgG or complement within TTP vascular lesions
(43, 52, 64).

Obstetric Cases

Twenty-five cases (9%) in this review occurred in pregnant or
postpartum females (12, 17, 28, 33, 39, 68, 83, 95, 103, 110, 122,
133, 152, 161, 172, 193, 196, 197, 202). The majority were in their
third trimester with three cases appearing in the postpartum
period, four during the first trimester, and six during the second
trimester. Ten of these patients died and their overall response
to therapy was no different from others with TTP. Coagulation
studies in these patients were usually normal and in no instance
strongly suggestive of DIC. The difficulty in distinguishing DIC
from TTP in the obstetric patient is important for therapeutic
reasons (204).

Similarly eclampsia can be confused with TTP (175).

The clinical course of the TTP varied widely within this
group. In seven cases stillborn infants were delivered (17, 26, 33,
110, 152). Some of these patients improved subsequently (17,
110, 193) whereas others deteriorated (64, 110, 196). Evidence of
TTP in one instance occurred immediately following Caesarian
section (13). In another patient TTP developed during gestation,
was treated and resolved, and the patient subsequently delivered
without complication (83). Occasional patients responded favor-
ably only to relapse months later while not pregnant (133, 152).

Whurzel described a pregnant female who died of TTP (202).
At autopsy a macerated fetus and placenta were present. TTP
thrombotic lesions were identified within the placenta but not
the fetus. The possibility that a “factor” responsible for TTP
might be able to cross the maternal-fetal barrier was suggested.

Coagulopathy

Evidence to date fails to support an underlying coagulopathy
as the pathogenetic mechanism in TTP (61, 86). Laboratory
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evidence of DIC when present is most likely secondary in nature
and usually mild in degree (86). In a single case an abnormal
fibrinogen by immunoelectrophoresis was documented during an
episode of TTP, which subsequently reverted to normal after
resolution of the illness (164). An abnormality within the fibrin-
olytic system has been suggested (96) but there is no supportive
evidence to date. Studies have shown that the turnover rate of
fibrinogen is essentially normal in TTP whereas platelet turn-
over is markedly accelerated (14, 61, 80, 89).

Platelet consumption appears to be an integral component of
the pathophysiology in TTP. The possibility of a primary en-
dothelial insult with secondary platelet thrombosis has been
suggested (64, 119, 132). There is no direct evidence to support
this contention, but it is consistent with the pathologic findings,
and substances have been identified which when deficient might
act as mediators. A factor similar to prostacyclin, a known
natural inhibitor of platelet aggregation, which is probably syn-
thesized in vascular endothelial cells, might be responsible for
mediating this sequence of events (156, 157). Lian et al recently
reported the presence of a platelet aggregating factor in patients
with TTP which appeared to be inhibited by an unidentified
component in normal plasma (103). Their observations suggested
that some cases of TTP might be due to a deficiency of a plasma
inhibitor to such a platelet aggregating factor. Further investi-
gation into this possibility is warranted (102).

A report by Upshaw suggests the existence of a plasma factor
which may reverse microangiopathic hemolysis and thrombo-
cytopenia (192). He described a patient who had multiple epi-
sodes of microangiopathic anemia and thrombocytopenia begin-
ning at 6 months of age and continuing throughout life. These
episodes were reversed by plasma, suggesting a congenital defi-
ciency of an unknown substance. The rationale of exchange
transfusion or plasma infusion in patients with TTP is based on
the possibility of deficiency of a plasma factor as suggested in
Upshaw’s report. Subsequent studies revealed decreased levels
of a functionally normal “cold-insoluble globulin” in this patient
(159). This substance has been shown to mediate the uptake of
gelatin-coated particles by the reticuloendothelial system, and
may possibly aid in removal of circulating debris after tissue
insult. Decreased levels of this protein have followed experimen-
tal DIC (159). Other patients with TTP studied by Rennard and
Abe had normal levels of “cold-soluble globulin” (159). Levels
appeared normal in Upshaw’s patient while in remission.

Pathology

Originally thought by Moschcowitz to represent
congealed erythrocytes (125), the thrombus in TTP
is comprised chiefly of platelets with lesser amounts
of admixed fibrin (11, 15, 64, 75, 133). Although
Craig and Gitlin (52) demonstrated fibrin and not
platelets by immunofluorescent techniques, the ma-
jority of investigators have documented platelet
aggregates within the lesion (11, 75, 133).

The vascular lesion per se is nonspecific. It con-
sists of a bland platelet-fibrin mixture in varying
stages of organization, occurring chiefly at the level
of the anteriolar-capillary junction. In the early
microthrombus one usually finds an intraluminal
endothelial-adherent platelet aggregate. As fibrin is
incorporated it is initially detected at the perimeter
of the central platelet core and in the later lesions

appears admixed in a more haphazard fashion with
platelet and other cellular elements (133). The un-
derlying vessel shows no evidence of vasculitis. The
microaneurysm formation described by Orbison
(139) is nonspecific and probably represents dila-
tation of the vessel segment proximal to the occlu-
sive thrombus (190). The subendothelial pre-throm-
botic lesion described by Gore (75) probably rep-
resents a stage in the organization of the intralu-
minal thrombus (15, 64, 190). Umlas has empha-
sized the nonspecific nature of glomerular struc-
tures, noting their presence in other disorders such
as glomerulonephritis, DIC and lupus nephritis
(189). Our review of 17 autopsies from patients with
TTP supports these views.?

Although the individual thrombotic lesion is non-
specific in character, the florid disseminated nature
of the process is quite distinctive and in most cases,
separable from the pathologic findings in DIC
where fibrin thrombi are much rarer and usually
difficult to detect (165).

Just as the clinical manifestations vary from case
to case in TTP, so too do the distribution of micro-
thrombi at autopsy. In order of frequency the most
severely involved organs include pancreas, adrenal
glands, heart, brain and kidney (15). On a grading
scale of 1-4+, as previously described (163), we
found 3-4+ involvement of the pancreas in 11 of 17
cases, of the adrenal glands and kidney in 10 of 17,
of the brain in 7 of 13, and of the heart in 8 of 17.
Other organs are variably involved to a lesser degree
and virtually all organs examined histologically in
our series showed the presence of microthromboses,
including thymus, appendix, retina, pituitary gland,
and gall bladder. Notably spared in the dissemi-
nated thrombotic process are the lungs and liver
which show only rare thrombi even in the severest
cases. Despite the emphasis in the literature on
splenic histology in the antemortem diagnosis of
TTP, this organ is relatively mildly involved in the
TTP process (15, 64). We found 3-4+ (163) involve-
ment in 3 of 17 autopsied cases, 1-2+ involvement
in 10 of 17, and absence of histologic involvement
in four patients.

In the face of the widespread microthrombotic
process, visceral organs tend to show relatively mild
parenchymal changes, mainly focal areas of necrosis
and hemorrhage. Discrete infarcts are unusual and
when present, as in the brain, are usually hemor-
rhagic (41, 187).

A recent study emphasized respiratory dysfunc-
tion in TTP but found little to suggest TTP involve-
ment of the lungs as the primary cause for such
symptoms (21). On the basis of our own studies and
others, respiratory problems in these patients are

2 A complete tabulation of autopsy findings is available from
the authors upon request.
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most likely due to severe T'TP cardiac disease and/
or anemia-related high cardiac output failure (163).

Furthermore, in serial histologic studies of the
cardiac conduction tissues we found microthrombi
in 7 of 10 examined, which appeared clinically re-
sponsible for fatal arrhythmias in 2 patients (163).
Vitally situated thrombotic lesions within the heart
may be responsible for death in these patients more
often than is generally appreciated (69, 87, 163).
The same is probably true of critically located CNS
lesions.

Associated Non-Bacterial Thrombotic
Endocarditis (NBTE)

Twenty-eight cases of NBTE in association with
TTP were reviewed by Amorosi and Ultmann (6).
Since then only three such cases have been de-
scribed (153, 181, 196). Only one case is convincingly
shown to have both TTP and NBTE (196). These
authors pointed out the larger sized emboli and
discrete infarcts related to the NBTE which were
distinct from the smaller microthrombotic lesions
of TTP. We noted this association in 2 of our 17
autopsied cases. NBTE with systemic embolization
can mimic many of the features of TTP (6, 153,
181).

Differential Diagnosis

Other disease processes which often enter into
the differential diagnosis of TTP include SLE, au-
toimmune hemolytic disease (AIHD), Evan’s syn-
drome, ITP, NBTE and DIC. The hemolytic ane-
mia seen in SLE, AIHD and Evan’s syndrome is
Coombs positive and a peripheral smear will show
many spherocytes. This is in contrast to T'TP which
almost always is Coombs negative and in which the
microangiopathic nature of the hemolytic anemia is
manifested in the peripheral smear as numerous
schizocytes. Careful examination of a peripheral
blood smear may be very helpful in suggesting the
diagnostic possibility of TTP. ITP is usually not
difficult to rule out since it is essentially manifested
by thrombocytopenia and associated bleeding prob-
lems. Evidence of a multisystem disease process is
usually lacking and microangiopathic hemolysis is
not seen. SLE is a multisystem disorder which may
manifest anemia (often Coombs positive) and
thrombocytopenia. Serologic studies indicative of
an autoimmune process are diagnostically discrim-
inating although it has been mentioned previously
that SLE and TTP may coexist. In the presence of
a lupus-related vasculitis, microangiopathic eryth-
rocyte changes may be seen making the antemor-
tem distinction between SLE and TTP reliant pri-
marily on serologic studies. When unusual diagnos-

tic problems such as this arise, a more aggressive
approach to tissue studies is indicated. Bone mar-
row, gingival and lymph node biopsies might be
helpful in suggesting TTP. Skin, muscle or kidney
might yield changes supportive of SLE.

NBTE and DIC may be associated with microan-
giopathic changes in the peripheral smear and may
have multisystem manifestations. Patients with
TTP generally do not exhibit laboratory coagula-
tion findings as seen in DIC and when they do,
alterations are usually mild. There is usually an
apparent underlying disorder in patients with DIC
such as carcinomatosis or sepsis. This is exceptional
in patients with TTP.

Whereas NBTE does display multisystem mani-
festations similar to TTP, it usually develops in
patients with an underlying debilitating disease.
Patients with T'TP are usually healthy prior to their
illness. Thrombocytopenia and striking microangio-
pathic hemolysis are usually not features of NBTE.
NBTE may develop in patients with TTP.

Subacute bacterial endocarditis (SBE) may pres-
ent a picture similar to that of TTP (13) although
the hematologic alterations seen in T'TP are usually
lacking. Positive blood cultures would confirm the
diagnosis of SBE. Patients with TTP are not septic,
as a rule, upon presentation, but may become so
during the later stages of their illness.

In the pregnant patient the differential possibili-
ties broaden and include pre-eclampsia (175), septic
abortion (204), and other gynecologic complications
which lead to DIC (122).

Hemolytic Uremic Syndrome (HUS)

Although this should be included in the differ-
ential diagnosis of TTP, we feel, as do others (90,
190), that HUS is closely related to TTP and that
a spectrum of illnesses exists, ranging from the
typical HUS process involving children and pre-
dominantly the kidneys, to a syndrome in adults of
a similar nature, but in many cases involving other
organ systems. With the exception of the difference
in age of the population of patients afflicted, HUS

" and TTP have many common features. The onset

is abrupt in previously healthy people; bleeding
with striking purpura is observed at presentation;
findings in the chemistry, hematology and coagu-
lation laboratories are very similar (blood urea ni-
trogen more prominently elevated in the HUS); and
histology of the affected organs is identical. Treat-
ment is essentially the same for both illnesses.

A report by Hellman et al (82) described HLA
identical siblings, one of whom died of TTP while
the second survived what appeared clinically as
HUS. The relationship between HUS and TTP is
another poorly understood facet of the TTP syn-
drome.



424 RIDOLFI AND BELL

Summary

The syndrome of thrombotic thrombocytopenic
purpura was reviewed in a total of 275 patients.
Two hundred fifty patients were previously re-
ported in the literature from 1964 to the present.
Twenty-five patients not previously reported who
were diagnosed at The Johns Hopkins Hospital
from 1930 to the present are presented. The pentad
of features that classically highlight the syndrome,
fever, hemolytic anemia, thrombocytopenic pur-
pura, transient or permanent central nervous sys-
tem signs, and renal disease, were commonly ob-
served. The frequency and characteristics of the
hematologic, biochemical, and ante and postmor-
tem histologic laboratory studies were similar to
those observed in the past. Thorough examination
of the heart, as performed in the local series of
patients, revealed a previously unappreciated high
frequency of intravascular thrombotic lesions
within the cardiac conduction system.

The antemortem diagnosis is reliant on the multi-
system clinical signs and symptoms in conjunction
with a microangiopathic hemolytic anemia and
thrombocytopenia. Laboratory findings are gener-
ally nonspecific and tissue biopsy findings most
often unrewarding. The differential diagnosis in-
cluded other multisystem disease processes such as:
systemic lupus erythematosus, subacute bacterial
endocarditis, immune thrombocytopenic purpura,
non-bacterial thrombotic endocarditis, and dissem-
inated intravascular coagulation.

The hemolytic uremic syndrome and TTP exhibit
overlapping features and are probably related.

The etiology of the syndrome remains unknown,
with the majority of cases occurring in otherwise
healthy patients without underlying illnesses. In
some instances, drugs, toxins, and infectious agents
have been causally implicated. In exceptional in-
stances, TTP has developed in patients with under-
lying immunologic diseases such as systemic lupus
erythematosus, but in the majority of cases, evi-
dence of an underlying immune pathogenesis has
been lacking when sought. An unusually large num-
ber of cases have been described in obstetric pa-
tients, but these individuals are otherwise similar to
other patients with TTP. Patients with toxemia of
pregnancy are often difficult to differentiate from
those with TTP. The toxemic patients usually do
not have an abrupt onset of symptoms and usually
do not have the striking hemolytic anemia seen in
TTP. Because of therapeutic considerations this
distinction is important.

The majority of patients with TTP display nor-
mal or mildly altered coagulation profiles. The pres-
ence of mild disseminated intravascular coagulation
in these patients is probably a secondary phenom-
enon.

The inciting event may be endothelial damage
with subsequent microthromboses, possibly related
to a deficiency of an as yet unidentified platelet-
aggregating inhibitor, or a plasma factor capable of
reversing microangiopathic hemolysis and throm-
bocytopenia.

Although the clinical course in TTP is usually
acute and fulminant, patients may manifest pro-
longed illnesses and recurrent bouts over a period
of many years. Relapses or recurrent episodes of
TTP were documented in 7.5% of the present review
population.

In contrast to the early experience with TTP in
which over 90% of patients succumbed to their
disease, the cumulative experience since 1965 has
shown significantly improved survival, regardless
of the specific therapy employed, with 46% of all
patients surviving. More dramatic has been the
recent experience with exchange transfusion or
some mode of plasma therapy in managing patients
with TTP. Although additional studies are required
to identify the optimal way to employ plasma ther-
apy (infusion, exchange transfusion or pheresis),
information and experience presently available has
allowed us to outline a reasonable therapeutic plan.
Although the use of plasma therapy is clearly indi-
cated in the treatment of patients with TTP, par-
ticularly those with significant CNS signs, because
of the rarity of the disorder, it may require some
time before the magnitude of the longterm benefits
can be absolutely identified. From existing data, it
is clear that corticosteroids or corticosteroids and
plasma therapy are the initial treatments of choice
for this disease.
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