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Abstract. This s tudy repor ts  the pa t te rn  of  renal  
injury in 24 Nor th  Am er i can  chi ldren with hemo-  
lytic u remic  s y n d r o m e  (HUS),  and  the extent  o f  
ext rarenal  i nvo lvemen t  in 9 o f  these chi ldren 
examined  at autopsy.  Fifteen of  the 24 chi ldren 

* Southwest Pediatrie Nephrology Study Group (SPNSG Cen- 
tral Office, Baylor University Medical Center, Dallas, Tex. 
USA). Director: Ronald J. Hogg; Associate Directors: Fred G. 
Silva, F. Bruder Stapleton; Statistician: Joan S. Reisch; Ad- 
ministrative Assistant: Kaye Green. Participating Centers: 
Baylor College of Medicine, Houston, Tex., Phillip L. Berry, 
L Leighton Hill, David Powell, Edith Hawkins; Baylor 
University Medical Center, Dallas, Tex., Ronald J. Hogg, 
Kaye Green; Tulane University Medical Center, New Or- 
leans, La., Frank Boineau, John E. Lewy, Patrick Walker; 
University of Arkansas, Little Rock, Ark., Watson Arnold, Ei- 
leen Ellis, M. Melinda Sanders; University of Colorado 
Health Science Center, Denver, Colo., Gary M. Lum, William 
Hammond; University of Oklahoma Medical Center, Okla- 
homa City, Okla., James Wenzl, Geoffrey Altshuler, Sarah 
Johnson; University of Tennessee, Memphis, Tenn., F. Bruder 
Stapleton, Shane Roy, III, Robert J. Wyatt, Charles McKay, 
William Murphy; University of Texas Southwestern Medical 
Center, Tex., Billy S. Arant, Jr, Michel Baum, Fred G. Silva, 
Arthur Weinberg, Craig Argyle, Joseph Rutledge, Ed Eigen- 
brodt; University of Texas Medical School, Houston, Tex., 
Susan B. Conley, Jacques Lemire, Ron Portman, Ann Ince, 
Regina Verani; University of Texas Health Science Center at 
San Antonio, Tex., Michael Foulds, Sudesh Makker, Kanwal 
Kher, Melanie Sweet, Victor Saldivar, Fermin Tio; University 
of Texas Medical Branch, Galveston, Tex., Ben H. Brouhard, 
Alok Kalia, Luther B. Travis, Lisa Hollander, Tito Cavallo, 
Srinivasan Rajaraman; University of Utah Medical Center, 
Salt Lake City, Utah, Eileen Brewer, Richard Siegler, Eli- 
zabeth Hammond, Theodore Pysher 

Offprint requests to: R.J. Hogg, Department of Pediatrics, 
Baylor University Medical Center, 3500 Gaston Avenue, Dal- 
las, TX 75246, USA 

were studied dur ing the first '16 days  of  hospi ta l -  
izat ion;  their  renal  spec imens  demons t r a t ed  glo- 
meru l a r  t h rombo t i c  m i c r o a n g i o p a t h y  (TMA)  in 8 
children,  cortical necrosis  in 1, and  vary ing  de- 
grees of  g lomeru la r  T M A  and  cortical  necrosis  in 
6 children. Nine  of  the chi ldren were  studied after  
16 or more  days  of  hospi ta l iza t ion;  these pat ients  
had  p r o m i n e n t  renal  arterial  lesions. O f  9 chi ldren 
examined  at autopsy,  ext rarenal  m i c r o t h r o m b i  
were  identif ied in 8. In  4 chi ldren who died dur- 
ing the acute phase  o f  the disease,  hemor rhag ic  
colonic  necrosis  (3 chi ldren)  and  pancrea t i c  islet 
cell necrosis  (2 children) were the pr inc ipa l  
ext rarenal  lesions encountered .  Rare  micro-  
t h rombi  were present  in the bra ins  of  the 3 chil- 
dren who  mani fes ted  seizures. 

Key words: Hemoly t i c  u remic  s y n d r o m e  - Renal  
fai lure - T h r o m b o t i c  mic roang iopa th ie s  

Introduction 

The hemolyt ic  u remic  s y n d r o m e  (HUS)  is a clini- 
cal s y n d r o m e  that  is charac ter ized  by  mic roang io-  
pa th ic  hemoly t ic  anemia ,  t h r o m b o c y t o p e n i a ,  and  
acute renal  fai lure [1-3].  Since renal  biopsies  are 
usual ly  not  required for  diagnosis  and  since mos t  
pedia t r ic  pat ients  with H U S  recover ,  renal  tissue 
is rarely ob ta ined  f rom N o r t h  Amer i can  chi ldren 
with id iopath ic  HUS.  His topa tho log ica l  studies o f  
H U S  f rom individual  pedia t r ic  nephro logy  cen- 
ters in Nor th  Amer ica  have,  therefore ,  been  limit- 
ed. Much  of  the i n fo rma t ion  per ta in ing  to the re- 
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nal lesions associated with childhood HUS comes 
from studies in France [4]. These studies have re- 
vealed three major morphologicae patterns of re- 
nal injury in such patients: (1) glomerular throm- 
botic microangiopathy (TMA); (2) arterial TMA, 
and (3) cortical necrosis (CN) [4]. Similar mor- 
phological patterns have been described by others 
using slightly different nomenclature [5]. It has 
been reported that the lesions of CN and glomer- 
ular TMA are usually associated with patient re- 
covery, whereas patients with arterial TMA often 
develop hypertension and chronic renal failure. 

Although HUS was originally distinguished 
from thrombotic thrombocytopenic purpura by 
the clinical absence of extrarenal involvement, 
more recent reports of extrarenal involvement in 
HUS have blurred the distinction between these 
two syndromes [6]. However, the mortality in 
young children with HUS is low; hence, morpho- 
logical evidence of extrarenal involvement in 
North American children has not been exten- 
sively reported. 

The present study reports the spectrum of re- 
nal lesions observed in 24 children with HUS by 
members of the Southwest Pediatric Nephrology 
Study Group (SPNSG). These observations were 
made in approximately 10% of all patients with 
idiopathic HUS treated in our centers during the 
period of study [7]. The extent of extrarenal invol- 
vement is reported in 9 children who were autop- 
sied [8, 9]. 

Patients and methods 

Clinical data and histological materials were reviewed in 24 of 
243 children with HUS presenting to the SPNSG centers. The 
24 patients included 17 with primary, non-familial HUS,2 with 
recurrent HUS, 3 with familial HUS, and 2 patients with HUS 
superimposed on pre-existing conditions. In the familial cases, 
the onset of symptoms in the siblings began within days of one 
another. Of the 243 children, 13 died, including 3 children in 
whom the HUS was familial. 

Renal studies 

Twenty-six renal specimens were studied; i.e., a follow-up re- 
nal specimen (repeat biopsy or autopsy) was available for 
2 children. Glass slides of renal specimens were prepared us- 
ing standard methods from 12 renal biopsies (mean 3.3 slides 
per specimen, range 2-4),  five bilateral nephrectomies (mean 
9 slides per specimen, range 4-18), and nine autopsies (mean 
33 slides per patient, range 21-49). These slides and the origi- 
nal pathology reports were examined by two SPNSG patho- 
logists (JCA, TJP), using a prepared checklist that considered 
40 different light microscopic variables. 

Renal lesions were graded on a scale of 0 - 4  + ,  according 
to the approach described by Pirani et al. [10] and utilized in 
previous SPNSG studies [11]. The patterns of renal injury de- 
scribed by Habib et al. [4] were also determined for each speci- 
men. These were defined as follows. 

Glomerular TMA. These were specimens in which swelling and 
detachment of the endothelial cells resulted in thickening of 
the glomerular capillary walls and narrowing of the capillary 
lumina. Fibrillary material in areas of swelling, as shown by 
electron microscopy, and thrombosis of capillary lumina, were 
often present in these specimens. The number of affected 
glomeruli varied considerably and additional glomerular le- 
sions were present, including so-called paralytic glomeruli 
with extremely dilated and congested capillary lumina and 
ischemic glomeruli with wrinkled glomerular basement mem- 
branes [4]. The renal arteries, with the exception of an occa- 
sional thrombus in a glomerular arteriole, were uninvolved in 
specimens classified as glomerular TMA. 

Arterial TMA. Specimens classified as arterial TMA showed 
renal tissue in which the arterioles and interlobular arteries 
were narrowed or obstructed by swelling of the endothelium 
and/or  thrombi. Fibrinoid mural necrosis and intimal swelling 
and proliferation were regarded as "early" arterial TMA. Ar- 
teries showing fibrous replacement of the thickened intima 
and laminar intimal fibroplasia (so-called "onion-skinning") 
were regarded as "late" arterial TMA. The glomeruli in arterial 
TMA sometimes showed changes similar to those seen in a 
glomerular TMA, but shrinkage of the tuft and wrinkling of 
the basement membrane were commonly observed. Segmental 
or global glomerular sclerosis and tubular atrophy were re- 
garded as late changes [4]. 

Cortical necrosis. This lesion was characterized by recent or 
old infarction of all cortical structures in a portion of the renal 
tissue, sometimes accompanied by dystrophic calcification of 
infarcted tissues. 

Table 1. Summary of selected clinical and laboratory findings 
from 24 children with hemolytic uremic syndrome (HUS) 

Number of patients 24 

Male/female ratio 12/12 

Age at presentation: 
Mean 48 months 
Range 6 months - 12 years 

Type of prodrome: 
Gastrointestinal symptoms 17 (70%) 
Upper respiratory tract infection 4 (17%) 
Central nervous system symptoms 3 (13%) 

Anemia ~ 
(hematocrit less than 25%) 22 (92%) 

Thrombocytopenia a 

(platelets less than 100,000/mm 3) 22 (92%) 

Acute renal failure 
(serum creatinine more than 
3.5 mg/dl) a 23 (96%) 

Anuria 
(greater than 1 day) 22 (92%) 

Severe systemic hypertension" 
(diastolic greater than 90 mmHg) 21 (87%) 

Outcome 
Died 10 (42%) 
Required transplantation 6 (24%) 
Chronic renal insufficiency 5 (21~ 
(2-to 5-year follow-up) 
Complete recovery of renal function 3 (13%) 

a The values are the most extreme recorded 
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When more than one of the three patterns were present, 
the specimen was classified as having a combination of pat- 
terns. In addition to the light microscopy studies, electron 
photomicrographs and results of immunofluorescence studies 
performed on eight renal biopsies were reviewed. 

Extrarenal studies 

Nine patients, including one familial case, were also examined 
at autopsy for extrarenal thrombi,  hemorrhage, necrosis, and 
any other vascular disease process. The severity of the extrare- 
nal lesions was semi-quantified on a 0 - 3  + scale. 

Results 

Clinical findings 

By definition, a microangiopathic hemolytic ane- 
mia was present in the peripheral blood smear of 
all 24 children included in this study. No specific 
infection was identified in any patient. In the 17 
children with primary, non-familial HUS, 12 had 
a typical presentation characterized by a 3- to 
6-day diarrheal prodrome and 2 had a preceding 
upper respiratory tract infection. Central nervous 
system symptoms (seizures, headaches, hemi- 
paresis) predominated in 3 patients, including 1 
whose renal failure was mild. In 2 children, the 
HUS was recurrent. Depressed serum C3 concen- 
trations were documented in one girl who had re- 
current HUS. The details of this case have been 
reported previously [12]. In 3 children, the siblings 
had concurrent HUS. Mortality was high (3 of 8 
children overall) in the pairs of  siblings who had 
concurrent HUS. In one case, the HUS was super- 
imposed upon what was considered a recessive 
form of polycystic kidney disease and another 
had a previous diagnosis of focal segmental 

glomerulosclerosis. With respect to histological 
findings, children with idiopathic HUS and those 
with unusual clinical features were similar. The 
outcome of the 24 patients in this study was gen- 
erally very poor; 10 of the patients died (autopsy 
not performed in 1), and 5 of them progressed to 
end-stage-renal disease (ESRD) and underwent 
renal transplantation. In only 3 of the 24 patients 
has renal function returned to normal after 
2 -7  years of follow-up (Table 1). 

Early patterns of renal injury 

Glomerular TMA was noted in 8 of 15 specimens 
obtained during the first 16 days of hospitaliza- 
tion; 70%- 100% (mean 86%) of glomeruli demon- 
strated segmentally or globally the thickening of 
the capillary walls and narrowing of the glomeru- 
lar capillary lumens which characterizes the pre- 
dominantly glomerular TMA pattern. Glomerular 
thrombi were seen in 5 of 8 specimens, but were 
numerous (3 +)  in only 2. Focal mural necrosis of 
afferent arterioles was present in three of  eight 
kidneys, but larger arteries were morphologically 
uninvolved. Diffuse cortical necrosis was seen in 
1 biopsy specimen and a combination of CN and 
glomerular TMA was seen in the remaining 6 
specimens obtained during the first 16 days of 
hospitalization. In 3 of 6 specimens in which ne- 
crosis was subtotal (5%-10%; mean 59%), arterial 
and glomerular thrombosis was present at the 
edges of the cortical infarcts. Arterial thrombosis 
in this context was not regarded in our study as 
evidence of arterial TMA. In specimens with sub- 
total CN, glomerular TMA predominated in the 

Fig. 1. Interlobular artery from a 
hypertensive patient nephrecto- 
mized 18 days after hospitaliza- 
tion. There is marked intimal 
fibroplasia characteristic of an 
arterial thrombotic microangiopathy. 
Periodic acid-Schiff, x 400 
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Patient Age at Clinical Days in 
no. onset presentation hospital 

Morphological findings 

Pattern of Necrosis 
renal injury 

Thrombi 

Cause of death 

1 1 year Vomiting, bloody 2 
diarrhea 

2 2 years Bloody diarrhea, 3 
DIC 

3 14 months Vomiting, diarrhea, 3 
respiratory arrest, 
coma 

4 11 years Headache, purpnra, 4 
DIC 

5 3 years Familial, vomiting, 6 
bloody diarrhea, 
hyperglycemic coma 

G, CN (5%) a Kidney (1 +)b 

G Colon (3 + )  

G, CN (90%) Kidney (3 + ) 
Colon (3 + ) 

G Pancreas (2 + ) 

G, CN (10%) 

6 12 years Vomiting, bloody 21 G, CN (35%) 
diarrhea, seizures, 
c o r f l a  

7 32 months Bloody diarrhea, 31 G, A 
seizures, DIC 

8 6 months Upper respiratory 49 
infection, hyper- 
glycemia 

9 4 years Hemiparesis, 78 A 
seizures 

G, A 

Kidney (1 +)  
Colon (3 + ) 
Pancreatic 
islets (3 +)  

Kidney (3 + ) 
Colon (1 +)  

Kidney (2 +)  

Kidney (3 +)  
Colon (2 + ) 
Lungs (1 + ) 
Adrenals (1 + )  

Kidney (1 +)  
Colon (2 +)  

Kidney (1 +)  
Pancreas (3 + )  
Heart (3 + )  

Pancreas (1 + ) 

Brain (2 + ) 

Catheter-induced 
cardiac tamponade 

Shock (tissue 
necrosis versus 
sepsis) 

Shock (tissue 
necrosis versus 
sepsis) 

Hemopericardium 

Hyperosmolar coma 

Intracerebral 
hemorrhage 

Colon (1 +)  Kidney (1 + ) Pulmonary 
Pancreas (1 +)  Colon (1 + ) hemorrhage 

Pancreas (1 +)  
Brain (1 +)  

Colon (1 + ) Kidney (2 + ) Sepsis complicating 
Colon (1 + ) dialysis 
Brain (1 +)  
Lung (1 + ) 

None Brain (1 +)  Intracerebral 
Heart (1 + )  hemorrhage 

DIC = Disseminated intravascular coagulopathy; G = glomerular TMA; A = arterial TMA; CN = cortical necrosis 
Percent tissue necrosis 
relative severity of lesion on a 0-3 + scale (see text) 

non-infarcted portions of the cortex. CN was ob- 
served only in patients who had diarrheal pro- 
dromes (8 of 17). Arterial TMA, characterized by 
interlobular arterial endothelial swelling or inti- 
mal thickening, was not seen in any of the 15 re- 
nal specimens obtained within the first 16 days of 
hospitalization. 

Late patterns of renal injury 

Renal arterial lesions were present in specimens 
from 9 patients with chronic renal failure that 
were obtained after more than 16 days of hospi- 
talization (17-60 days in 3 patients and greater 
than 60 days in 6 patients). An early, predomi- 
nantly arterial TMA (Fig. 1) was observed in the 
bilateral nephrectomy specimen obtained after 
18 days of hospitalization from a 10-year-old boy 

who, after presenting with a gastrointestinal pro- 
drome, developed uncontrollable hypertension 
(mean 174/120 mmHg). A combination of glo- 
merular TMA and arterial TMA was found at ne- 
cropsy in 2 hypertensive patients who died at 
31 days and 49 days, respectively (Table 2; pa- 
tients 7 and 8). Extensive endarteritis obliterans 
with "onion-skinning" of renal arterioles and in- 
terlobular arteries was seen in two biopsies, one 
autopsy, and four bilateral nephrectomies obtain- 
ed from patients who had sustained renal failure 
and hypertension for more than 2 months. For 
only one patient was renal tissue obtained both 
early and late in the course of the disease. The late 
pattern of arterial TMA was observed in a bilater- 
al nephrectomy specimen obtained at 3 months, 
while a glomerular TMA had been present in the 
renal biopsy examined at 2 weeks. 
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Relationship of age and outcome to pattern 
of renal injury 

Of 9 children less than 28 months of age, 2 pa- 
tients had an arterial TMA and another had a 
combination of glomerular and arterial TMA pat- 
terns. Of these, 1 required renal transplantation 
and 1 died. Six patients had glomerular TMA 
and/or CN. Three patients under 28 months of 
age died during the fulminant phase of the dis- 
ease. 

Of 15 children over 28 months of age, 5 had 
an arterial TMA and 1 had a combination of glo- 
merular and arterial TMA patterns. Of these, 3 re- 
quired renal transplantation and 2 died. Of the 
9 patients who had a glomerular TMA and/or 
CN, 4 died of the extrarenal complications of 
HUS and another was transplanted after pro- 
gressing to ESRD. 

Renal immunofluorescence/ultrastructure 

Immunofluorescence studies were performed on 
eight renal biopsies (five with a combination of 
CN and glomerular TMA, and three with glomer- 
ular TMA). Staining for fibrinogen-related 
antigen was detected in the glomeruli of six pa- 
tients. Diffuse, granular glomerular basement 
membrane deposits of C3 were reported in two 
biopsies showing a glomerular TMA and two 
showing a combination of CN and glomerular 
TMA. Widening of the subendothelial space and 
deposition of electron-lucent "fluffy" material 
were present in the seven biopsies examined by 

electron microscopy, including four with a combi- 
nation of CN and glomerular TMA, and three 
with glomerular TMA. 

Extra-renal autopsy findings 

Recent hyaline thrombi were identified in extrare- 
nal arterioles in eight of the nine autopsied pa- 
tients (Table 2). They were found in the large 
bowel of six patients who had hemorrhagic colitis 
and in the pancreatic islets of three patients in as- 
sociation with hemorrhagic necrosis of the islets 
of Langerhans. Thrombi were also noted in kid- 
ney (six patients), brain (three patients), heart 
(two patients), adrenals (one patient), and lung 
(one patient). In three patients, including two 
children in whom coagulation studies do- 
cumented a disseminated intravascular coagulo- 
pathy (DIC), thrombi were found in three or more 
extrarenal sites (Table 2; patients 2, 7, 8). Extrare- 
nal thrombi were generally limited in number, but 
were numerous in the viscera of an ll-year-old 
boy (patient 4) in whom headaches, delirium, and 
DIC were prominent (Fig. 2). This fatality was the 
only one in our study in whom anuria was absent 
and creatinine remained below 3.5 g/dt. Only one 
child (patient 8) had prominent thrombi both in 
the renal glomeruli and extrarenal tissues, and 
that was noted in an infant who died on the 49th 
day of hospitalization following dialysis. Interest- 
ingly, cerebral thrombi were found in the three 
children who had seizures (patients 6, 9; Table 2). 
These hyaline thrombi were confined to cerebral 
arterioles. Since they were not recanalized or in- 

Fig. 2. Thrombosis and necrosis of 
the pancreatic islets with sparing 
of the acini ( x 250) 
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corporated into the arterial walls, the thrombi 
were likely of recent origin. 

Discussion 

The present clinicopathological study was under- 
taken to complement the recent SPNSG retro- 
spective review of its experience with idiopathic 
HUS [7]. Since children in our population rarely 
undergo renal biopsy (12 of 243 children, 5%), 
specimens derived from autopsy studies and bilat- 
eral nephrectomies were included to increase the 
amount of material for study. With this approach, 
renal tissue was available from approximately 
10% of the patient population (24 of 243). Howev- 
er, it should be noted that the specimens were ob- 
tained almost exclusively from patients with se- 
vere illnesses and /o r  poor outcomes, a process 
which would, of  course, be expected to select pa- 
tients with more severe histopathological lesions. 

The most extensive information on the renal 
injury in childhood HUS has come from Habib et 
al. [4] who described renal biopsy findings in 52 of 
70 consecutive patients. Of 38 children less than 
28 months old in the French study, 3 patients had 
an arterial TMA; all 3 died within several weeks. 
Thirty-five patients less than 28 months of age 
had either CN or glomerular TMA; 3 of these pa- 
tients progressed to chronic renal failure. In con- 
trast, of  the 14 older children, 10 had an arterial 
TMA; 9 of these progressed to renal failure. The 
authors suggested that the difference in prognosis 
between early and late childhood HUS was relat- 
ed to the increased prevalence of an arterial TMA 
in the older patients. 

In the patients reported in this study, no arte- 
rial TMA was identified in renal tissue obtained 
during the first 16 days of hospitalization. This 
may indicate that the frequency of arterial TMA 
in the SPNSG population is low, or that the arte- 
rial lesion evolves over time and may not be rec- 
ognizable at the light microscopic level early in 
the course of the disease. 

In our SPNSG series, extensive mural necrosis 
and thrombosis of  the interlobular arteries was 
identified in some specimens in the histologically 
semi-viable tissue near edges of infarcts, but glo- 
merular TMA was observed in viable renal cortex. 
The presence of multiple patterns within the same 
specimen limits the usefulness of small renal bi- 
opsies. 

Our observations on extrarenal lesions in pe-  
diatric patients dying in the acute phase of HUS 
are similar to those reported previously [6, 13]. 

Gianantonio et al. [6] performed autopsies on 47 
Argentinian patients with HUS and found 
extrarenal microthrombi in 20 of 26 patients who 
died during the first 2 weeks of the illness, but no 
thrombi in 20patients who died more than 
1 month after onset. The thromboses involved 
multiple organs, including the myocardium and 
brain. Similar lesions were reported by Upadhaya 
et al. [13] in 3 North American children who died 
within 8days  of hospitalization. We found 
extrarenal thrombi in 4 of 5 children who died in 
the first 2 weeks of illness (patients 1-  5 ; Table 2). 
However, we also observed such lesions in all 
4 children who died 3-11 weeks after the onset of 
their disease (patients 6-9). As reported previ- 
ously, the individual sites for the thrombi in- 
cluded the colon (4 patients), brain (4), pancreas 
(3), heart (2), lung (2), and adrenals (1). 

A few microthrombi were found in the brains 
of all 4 children who died 3 or more weeks after 
the onset of HUS (patients 6 -9 ;  Table 2). Three 
of these patients exhibited recurrent seizures (pa- 
tients 6, 7, 9), and 2 of them died from intracere- 
bral hemorrhage. It should be noted, however, 
that extensive thrombosis of  cerebral vessels, as 
may be seen in patients with TTP, was not ob- 
served in any of our patients. 

Pancreatic islet cell destruction is a recognized 
complication of HUS [14]. Some patients develop 
severe hyperglycemia, and survivors may become 
insulin-dependent diabetics. Hyperglycemia was 
responsible for the death of 1 child in this series 
(patient 5). At autopsy, complete hemorrhagic ne- 
crosis of the islet tissue was found. In two addi- 
tional autopsies, pancreatic small vessel throm- 
bosis and focal necrosis were identified. 

An important caveat should be incorporated 
into the interpretation of these results. Although 
the microthrombi encountered at autopsy in HUS 
patients may have been produced by the same 
mechanisms which produce renal microthrombi 
in the acute phase of the illness, additional throm- 
bogenic processes, such as shock, sepsis, and 
tissue necrosis, are usually present in patients who 
die. Extrarenal microthrombi resulting from HUS 
are not readily distinguishable from microthrombi 
produced by other mechanisms. As shown in 
Table 2, extrarenal thrombi were as prominent 
and as diffusely distributed in the 4 patients who 
died 3 or more weeks after hospitalization as they 
were in the 5 patients who died during the acute 
phase of their illness. Bowel and pancreatic ne- 
crosis were characteristic of HUS in the early 
stages, but were not encountered in patients who 
died after more than 3 weeks of hospitalization. 
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In summary, we have studied renal tissue in 
24 patients and extrarenal tissues in 9 patients 
with HUS. We have confirmed the presence of  the 
three patterns of  renal injury described by Habib 
et al. [4]. However, since in many of our renal 
specimens a combination of patterns was ob- 
served, we believe that sampling error could be a 
significant factor in the interpretation of a small 
renal biopsy. An arterial TMA was recognized 
only in specimens obtained from patients with 
chronic renal failure and sustained hypertension, 
and was not recognized in specimens obtained 
from 15 patients with severe disease during their 
first 16 days of hospitalization. Because the in- 
cidence of  an arterial TMA was low, we believe 
that the usefulness of an early renal biopsy in pa- 
tients with HUS may be limited. Microthrombosis 
of extrarenal arterioles was present at autopsy in 
most of  our fatal cases of HUS, but the pathogen- 
esis of the thrombosis remains uncertain. The 
most frequent sites of extrarenal involvement 
were the large intestine, brain, and pancreas. 
These extrarenal lesions appeared to have con- 
tributed significantly to the mortality of children 
with HUS in our series. 

Acknowledgements. Presented in part at the annual meetings of 
the Pediatric Pathology Society, and the United States and Ca- 
nadian Academy of Pathology, Washington, DC, February 
8 - March 4, 1988. The authors thank Susan Sharifie for tech- 
nical assistance in manuscript preparation. 

References 

1. Gasser C, Gauthier E, Steck A, Siebenman RE, Dechslin 
R (1955) Hfimolytisch-ur~imische Syndrome: bilaterale 
Nierenrindennekrosen bei akuten erworbenen h/imolyti- 
schen Anfimien. Schweiz Med Wochenschr 38:905-909 

2. Drummond KN (1985) Hemolytic uremic syndrome - 
then and now. N Engl J Med 312: 116-118 

3. Remuzzi G (1987) HUS and TI'P: variable expressions of 
a single entity. Kidney Int 32:292-308 

4. Habib R, Levy M, Gagnadoux M-F, Broyer M (1982) 
Prognosis of the hemolytic uremic syndrome in children. 
In: Hamburger J, Crosnier J, Grunfeld J-P (eds) Advances 
in nephrology, vo12. Yearbook Medical, Chicago, 
pp 99-128 

5. Thoenes W, John H-D (1980) Endotheliotropic (hemo- 
lytic) nephroangiopathy and its various manifestation 
forms (thrombotic microangiopathy, primary malignant 
nephrosclerosis, hemolytic-uremic syndrome). Klin Wo- 
chenschr 58: 173-184 

6. Gianantonio CA, Vitacco M, Mendilaharzu F, Gallo GE, 
Sojo ET (1973) The hemolytic-uremic syndrome. Nephron 
11:174-192 

7. Siegler RL (1987) Hemolytic uremic syndrome: clinical 
observations in the Southwest Pediatric Nephrology Study 
Group and laboratory findings from the University of 
Utah Health Sciences Center. In: Murakami K, Kitagawa 
T, Yabuta K, Sakai T (eds) Recent advances in pediatric 
n ephrology. Excerpta Medica, Amsterdam, pp 581- 586 

8. Argyle JC, Pysher TJ, Silva FG (1988) A clinicopathologic 
study of 24 children with hemolytic uremic syndrome 
(HUS). Report of the Southwest Pediatric Nephrology 
Study Group. Lab Invest 58: 5A 

9. Argyle JC, Pysher TJ, Silva FG (1988) The extra-renal his- 
topathologic manifestations of primary pediatric hemo- 
lytic uremic syndrome. Report of the Southwest Pediatric 
Nephrology Study Group. Lab Invest 58:1P 

10. Pirani CL, Salinas-Madrigal L, Koss MN (1975) Evalua- 
tion of percutaneous renal biopsy. In: Somers SC (ed) 
Kidney pathology decennial, 1966-1977. Appleton-Cen- 
tury-Crofts, New York, pp 109-163 

11. Southwest Pediatric Nephrology Study Group (1985) A 
clinico-pathologic study of crescentic glomerulonephritis 
in 50 children. Kidney Int 27:450-458 

12. Wyatt RJ, Jones D, Stapleton B, Roy S I I I ,  Odom TW, 
McLean RH (1985) Recurrent hemolytic-uremic syn- 
drome with the hypomorphic fast allele of the third com- 
ponent of complement. J Pediatr 10"1: 564- 565 

13. Upadhaya K, Barwick K, Fishaut M, Kashgarian M, Sie- 
gel NJ (1980) The importance of non-renal involvement in 
hemolytic-uremic syndrome. Pediatrics 65 : 115 - 120 

14. Primhak RA, Taitz LS, Variend S, Webb DHK, Cser A 
(1984) Necrosis of the pancreas in the haemolytic uraemic 
syndrome. J Clin Pathol 37:655-658 


