
Immunodeficiency and other 
clinical immunology 

Idiopathic capillary leak syndrome: Evidence of 
CD8-positive lymphocytes surrounding damaged 
endothelial cells 

Marco Cicardi, MD," Emilio Berti, MD, b Valentina Caputo, MD, c 

Ferdinando Radice, MD, c Marco Gardinali, MD, ~ and Angelo Agostoni, MD ° 

Milan, Italy 

Idiopathic capillary leak syndrome (ICLS) is a lethal 
disease characterized by recurrent fluid extravasation 
leading to hypovolemic shock underlaid by marked 
hemoconcentrat ion (hematocrit  as high as 80%). 1 Only 
30 patients with ICLS have been reported in the litera- 
ture, and the pathogenesis remains unknown. Extrava- 
sation of intravascular fluid, with similar clinical symp- 
toms, is also a well-known complication of systemic 
administration of recombinant  (r)lL-2. 2 In this last con- 
dition, direct in vivo interaction between IL-2-activated 
cells (probably LAK cells) and endothel ium results in 
cytotoxicity to endothelial  cells. 3 

We previously provided evidence that cytokines par- 
ticipate in the pathogenesis of ICLS by demonstrating 
the appearance of IL-2 receptor-positive cells during 
attacks in a patient  with this disease. 4 Now we have 
studied the pathology of the same patient, who died 
during an attack, and have found that in the skin there 
were perivascular infiltrates of CD8 lymphocytes sur- 
rounding damaged endothelial  cells, a picture similar to 
that of r IL-2-dependen t  capillary leak syndrome (CLS). 

METHODS 

The patient was a 56-year-old woman. Episodes of hemocon- 
centration had started 6 years earlier and continued with 
monthly recurrence for 2 years, when she was given 240 mg/day 
verapamit (to prevent any possible damage induced by Ca ++ 
influx). During the next 4 years she remained fairly stable, 
experiencing only initial symptoms that spontaneously subsided 
without hospitalization. In May- 1993, she was admitted to our 
ward with clear signs of hypovolemic shock; the symptoms had 
started 24 hours earlier. The hematocrit value was 72%. The 
administration of fluids, plasma expanders, steroids, and dopa- 
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mine did not improve her clinical condition or laboratory 
parameters; and she died 16 hours later. 

Three hours after death, skin samples were removed from the 
left shoulder and the abdomen, and a piece of muscle was 
removed from the deltoid. These specimens were fixed with 
standard procedures for light and electron microscopy. Immu- 
nohistochemical studies were performed on paraffin-embedded 
tissue sections by using rabbit polyclonal antibodies anti-CD3 
(Dako, Denmark) and anti-S100 (Dako) and the following 
monoclonal antibodies: anti-CD45 RA-4KB5 (Dako), anti- 
CD20-L26 (Dako), anti-CDla-010 (Immunotech), anti-CD45 
RO (Dako-UCHL1), anti-CD 85 (a gift from Prof. D. J. 
Mason), anti-CD30-Ber H2 (Dako), anti-CD68-KP1 (Dako), 
and PCNA (PC-10, Dako). To use the anti-CD8 antibodies, 
tissue sections were exposed to microwave radiation (95 ° C) for 
10 minutes (two 5-minute periods). These antibodies were 
revealed with swine anti-rabbit (Dako) (for polyclonal antibod- 
ies) or rabbit anti-mouse (Dako) (for monoclonal antibodies) 
and the alkaline phosphatase- antialkaline phosphatase 
(APAAP) method (Cordel). 

RESULTS AND DISCUSSION 

As in previous reports, ~, 6, 7 necroscopic examination 
failed to reveal any pathologic changes in our patient 's 
internal organs. In particular, there were no signs of 
edema, and weights tended to be in the lower range of 
normal. These necroscopic data and the absence of 
clinical or laboratory evidence of organ failure during 
attacks suggest that plasma extravasation is not  a sys- 
temic event in ICLS. On the contrary, the skin was 
diffusely edematous, and all specimens collected early 
after death had pronounced perivascular edema and 
accumulation of lymphomononuclear  cells in the papil- 
lary and reticular layers of the dermis (Fig. 1, A). 
Immunophenotyping of these cells with monoclonal  
antibodies highlighted a populat ion of primed T lympho- 
cytes belonging to the CD3, CD45RO subset (Fig. 1, C 
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FIG. 1. A, Hematoxylin-eosin-stained skin section showing a mononuclear lymphoid infiltrate around a vessel 
in superficial dermis. B, Immunohistochemistry (anti-CD8-APAAP staining) of the same area showing several 
CD8-positive lymphocytes. C, Immunohistochemistry (anfi-CD3-APAAP staining) showing T lymphocytes 
around vessels. D, Immunohistochemistry (anti-S-100-APAAP staining) showing many positive cells in 
epidermis and superficial dermis. Note the presence of some intravascular positive cells. E, Immunohisto- 
chemistry (anti-CD45RO-APAAP staining) showing that most lymphocytes are primed T cells. 

and E). About 50% of these T lymphocytes expressed 
the CD8 phenotype (Fig. 1, B). This finding was ob- 
tained by counting the CD3/CD8 ratio in 10 serial 
sections. In the upper dermis there were a number of 
CDla/S100 dendritic cells, which were also present 
within the intravascular space (Fig. 1, D). Ultrastructural 
analysis did not reveal any intracytoplasmic Birbeck 
granules in the CDla/S100-positive cell in close proxim- 
ity to the lymphoid population. Endothelial cells were 
damaged by intracellular edema that appeared in the 
form of vacuoles not surrounded by membranes that 
often destroyed the cytoplasmic structure. This lesion 
was particularly evident in those vessels surrounded by a 
mononuclear lymphoid infiltrate, which showed cyto- 

toxic granules, but direct contact could not be demon- 
strated. The structure of the resident cell populations of 
the dermis was maintained. The intercellular junctions 
were not dilated, and the basement membrane was 
preserved. No infiltrates or other pathologic findings 
were seen in the sections of the deltoid muscle sample. 

The prominent finding of our study was a perivascular 
infiltration of mononuclear cells with an increased num- 
ber of CD8-positive T lymphocytes. The few previous 
reports on the pathology of the attack in ICLS are based 
on small amounts of tissues (muscle and/or skin) ob- 
tained by biopsy and do not describe perivascular infil- 
trates.S, 9 Nevertheless, perivascular lymphoid infiltrates 
appear to be the main lesions in several organs of mice 
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treated with rIL-2 to induce a C L S .  3 In these animals the 
endothelial cells surrounded by such an infiltrate present 
cytoplasmic vesicles or vacuoles and intact cell junctions 
like those detected in our patient. Although rlL-2- 
induced CLS presents a multiorgan involvement 2 and 
ICLS seems to be limited to the skin or skin and muscles, 
the pathology is similar in both situations- cytotoxic 
lymphocytes surrounding vesiculated endothelial cells. 
These data and our previous demonstration of an in- 
crease in IL-2 receptor-positive ceils during attacks in 
I C E S  4 suggest that in this situation, too, activated lym- 
phocytes are probably the cause of the endothelial 
damage. The pathway leading to lymphocyte activation 
remains unclear. We detected the unusual presence of 
CDla/S100-positive cells in the upper dermis and in the 
intravascular spaces. These cells are typical antigen- 
presenting elements, and their presence makes it possi- 
ble to hypothesize that ICLS is triggered by an immune 
reaction that elicits a cytokine-dependent lymphocyte 
activation leading to fluid extravasation. 

A final comment concerns the observation that in our 
patient, as in other patients with ICLS, mentation was 
preserved in this shock condition. We, like others, 7 have 
been very impressed with this observation, which has 
never been explained. One might postulate that all the 
processes involved in the transfer of oxygen from red 
blood cells to the mitochondria could increase the 
effective tissue oxygen-diffusing capacity. Recently, 
Gonzales et al., 1° calculating this lumped parameter 
from the best fit on the average data observed during 
hypoxic and normoxic exercise in experimental animals, 

were able to show its significant increase when the 
hematocrit was elevated to 60%. 
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Gastroesophageal reflux and severe combined 
immunodeficiency 
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Background: Gastrointestinal and respiratory symptoms and 
failure to thrive not associated with infections or medications 
were noted in patients with severe combined immunodeficiency. 
Objective: The aim of our study was to determine the fre- 
quency of gastroesophagcal reflux in patients with severe 
combined immunodeficiency. 
Methods: We studied the case histories of 73 pediatric patients 
who had been treated at Duke University Medical Center for 
severe combined immunodeficiency between 1982 and 1995. 
Charts were reviewed for documentation of gastroesophageal 
reflux on the basis of clinical course and results of barium 
swallow, esophageal pH probe monitoring, or endoscopy. To 
compare the incidence of gastroesophageal reflux in patients 
with severe combined immunodeficiency to known high-risk 
populations, we additionally tabulated the underlying diagnoses 
in an age-matched group of patients who underwent Nissen fun- 
doplication from 1990 to 1995. 
Results: We found clinically significant gastroesophageal reflux 
in 15 of the 73 patients (20.5%), much higher than has been 
reported in the normal population (0.1% to 0.3%, p < 0.001). 
Of patients treated between 1990 and the present, 10 of 36 
(27.7%) had significant gastroesophageal reflux compared with 
five of 37 patients (13.5%) in the previous years. Thus with 
greater recognition and improved methods for diagnosis, the 
observed incidence of gastroesophageal reflux has increased 
greatly. The clinical presentations were not different from those 
of patients with other well-documented underlying diagnoses. 
Seven of the 15 patients (46.6%) did not respond to medical 
treatment with antacids, H2-blockers, and prokinetic agents and 
underwent surgical treatment. Indications for surgery included 
persistent esophagitis, vomiting, pneumonia, and growth failure. 
Conclusions: The reason for the high incidence of gastro- 
esophageal reflux in patients with severe T-cell disorders re- 
mains unclear. Considering the frequency of this association, 
early recognition and treatment is important to enable ade- 
quate nutrition and prevent damage to the esophagus and 
lungs. (J Allergy Clin Immunol 1997;99:420-4.) 

Key words: Gastroesophageal reflux, severe combined 
immunodeficiency, Nissen fundoplication 

Severe combined immunodeficiency (SCID) is an 
inherited disorder with impaired function of both the 
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cellular and humoral immune systems?, ~ Patients with 
this disease have severe, recurrent, often life-threatening 
infections that become clinically manifest in early in- 
fancy, after they have lost protection by maternal anti- 
bodies? Although antimicrobial therapy is necessary to 
treat acute infections and may be life-saving, prolonged 
survival requires reconstitution of the immune system by 
bone marrow transplantation, sometimes preceded by 
myeloablation. 4 Gastrointestinal symptoms such as vom- 
iting, diarrhea, or malabsorption are usually attributed 
to either infections or medications, but in many children 
gastrointestinal symptoms could not be explained by 
these common causes. Additionally, some of the chil- 
dren had respiratory problems not caused by infectious 
pathogens. 

During the evaluation of these patients for the cause 
of their symptoms, we noted that there appeared to be a 
much higher incidence of gastroesophageal reflux 
(GER) in patients with SCID compared with the normal 
population. GER is a common condition in infancy 
characterized by repetitive regurgitation of gastric con- 
tent into the esophagus. Although many infants have 
minor degrees of reflux, about 1 in 300 to 1 in 1000 have 
significant reflux and associated complications, s De- 
creased tone in the lower esophageal sphincter, ana- 
tomic changes in the esophagus, increased gastric acid- 
ity, and poor esophageal clearance are some of the 
pathophysiologic factors leading to esophageal damage. 6 
Relief of symptoms after fundoplication in refractory 
asthma points to a close correlation between GER and 
bronchoconstrictive diseases. 7,8 Additionally, an in- 
creased incidence of GER has recently been reported in 
patients allergic to cow's milk. 9 It is also evident that 
patients with acquired, secondary immunodeficiencies 
are another high-risk GER population because of op- 
portunistic infections? °, 11 To determine a possible char- 
acteristic pattern of GER-associated symptoms in our 
patients, which may help to differentiate patients with 
SCID from patients with other underlying major defects, 
three main features were compared: respiratory prob- 
lems, gastrointestinal symptoms, and failure to thrive 
including poor feeding. Many of the patients improved 
with medical management of their GER, but many 
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others required surgical correction to control their 
symptoms. Our data make clear that careful monitoring 
and management of symptoms not related to infections 
or medications is necessary to improve the clinical 
course of patients with SCID. 

M E T H O D S  

We studied tire case histories of all patients with SCID who 
were followed up by the Duke Division of Pediatric Immunol- 
ogy and were seen between 1982 and 1995 (n = 73). Charts 
were reviewed for documentation of vomiting, malabsorption, 
feeding problems, failure to thrive, and respiratory symptoms-in 
particular, aspiration pneumonia. GER was considered on the 
basis of the clinical course and results of barium swallow, if 
aspiration was observed, but otherwise confirmed by results of 
esophageal pH probe monitoring or endoscopy. Three patients 
underwent lung biopsy, and seven underwent endoscopy and 
biopsy. Histologic findings in the esophagus revealed nonspe- 
cific inflammation, similar to that seen in patients without 
immune deficiency. Because of their age, no patients had 
studies of esophageal motility. Nearly all patients were treated 
with antacids, prokinetic agents, and Ha antihistamines in the 
hospital during their treatment for immune deficiency. Patients 
received supplemental parenteral nutrition if oral intake was 
determined to be inadequate. 

Patients with evidence of severe Candida infection of the 
esophagus, as well as patients with infectious or medication- 
associated pneumonia, were excluded from analysis. However, 
patients with well-documented aspiration pneumonia were in- 
cluded. Because of a perceived increase in the incidence of 
GER in the past 5 years, the study period was also analyzed 
separately from 1982 to 1989 and from 1990 to 1995. 

The overall incidence of GER in pediatric patients at Duke is 
not known. Therefore to compare the incidence of reflux in 
patients with SCID with that of known high-risk populations, 
we tabulated the underlying diagnoses in an age-matched group 
of patients who underwent Nissen fundoplication from 1990 to 
1995. Data were obtained from the Pediatric Surgery database 
and included all patients who either did not respond to medical 
treatment or for whom a trial of medications was not consid- 
ered appropriate (n = 121). These included patients with a 
variety of anatomic abnormalities (diaphragmatic and para- 
esophageal hernia, tracheoesophageal fistula, esophageal stric- 
ture and atresia, pyloric stenosis), functional abnormalities 
(esophageal dysmotility, dyskinesia, and myopathy), congenital 
disorders other than immune deficiency (congenital heart dis- 
ease, inborn errors of metabolism, Down syndrome, and other 
chromosomal abnormalities, hydrocephalus, severe intracranial 
abnormalities), immaturity (preterm infants, intrauterine infec- 
tions, parental drug abuse), infantile cerebral palsy class II to 
IIi, and cystic fibrosis. Children who were otherwise considered 
to be normal were also included. 

RESULTS 

As shown in Table I, we found a significantly 
increased incidence of GER in patients with SCID 
(20.5%), compared with that reported in the normal 
population (0.3% to 0.1%, p < 0.001). 5 The mean age 
at diagnosis of GER was 16.6 months (range, 3 
months to 5 years). In most patients the symptoms of 
respiratory distress and failure to thrive led to an 
initial diagnosis of SCID, and GER was suspected and 
diagnosed after referral. However, since these pa- 

TABLE I. incidence of  GER in pat ients wi th SCiD 

Observation period 

Total period 
1982-95 1982-89 1990-95 

No. Patients with SCID 73 37 36 
No. with GER 15 (21%) 5 (14%) 10 (28%) 
No. undergoing surgery 7 (40%) 1 (20%) 6 (50%) 

tients were referred because of their immune defi- 
ciency, this may not reflect the relative importance of 
reflux to their clinical course. The incidence of diag- 
nosed GER was markedly higher in the years 1990 to 
1995 compared with previous years, 1982 to 1989 
(27.7% vs 13.5%). This finding may not be statistically 
significant because of the small number of patients. 
However, it is probable that recognition and diagnos- 
tic evaluation have improved in the past years, thus 
leading to a twofold higher incidence of confirmed 
GER compared with the earlier period; most likely, 
the true incidence from 1982 to 1989 was higher. On 
the basis of our findings, GER is to be expected in at 
least one of every five patients with SCID. Additionally, in 
the past 5 years markedly more children had a severe, 
complicated clinical course, did not respond to medical 
treatment, and thus underwent surgical intervention. 

Table II shows the distribution of the three main 
symptoms of GER in patients with SCID. There was no 
consistent pattern of symptoms in our study population. 
The clinical presentation was heterogenous with slight 
dominance of gastrointestinal problems: nine of 15 
patients experienced frequent vomiting and esophagitis, 
of which three showed severe symptoms. Seven patients 
had recurrent respiratory problems; two of them had 
severe aspiration pneumonia. Though many of the pa- 
tients had other respiratory symptoms, such as wheezing 
or cough, these symptoms were not used to support the 
diagnosis of GER because concurrent respiratory tract 
infections made it impossible to attribute them to reflux 
alone. Five children were suspected of having SCID 
because of poor feeding and failure to thrive. Of all 
children who underwent surgical correction at our insti- 
tution, 6.6% were patients with severe immunodefi- 
ciency, despite the rarity of this diagnosis (Table III). 
GER causing symptoms and requiring surgical treat- 
ment was more common in children with SCID than in 
patients with functional abnormalities, cystic fibrosis, or 
asthma; and the number of children requiring surgery 
was equal to the number of premature infants. The 
majority of patients without SCID undergoing Nissen 
fundoplication had either anatomic abnormalities or 
congenital diseases, such as hydrocephalus and a variety 
of inborn errors of metabolism. Seven of 73 patients with 
SCID required surgery; it is not possible to determine 
the percentage of patients with any of the other diseases 
who underwent surgical correction because the preva- 


