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ABSTRACT
BACKGROUND: Monoclonal gammopathy-associated systemic capillary-leak syndrome, also known as Clarkson disease, is a rare condition characterized by recurrent life-threatening episodes of capillary hyperpermeability in the context
of a monoclonal gammopathy. This study was conducted to better describe the clinical characteristics, natural history, and
long-term outcome of monoclonal gammopathy-associated systemic capillary-leak syndrome.
METHODS: We conducted a cohort analysis of all patients included in the European Clarkson disease (EurêClark)
registry between January 1997 and March 2016. From diagnosis to last follow-up, studied outcomes (eg, the frequency
and severity of attacks, death, and evolution toward multiple myeloma) and the type of preventive treatments administered were monitored every 6 months.
RESULTS: Sixty-nine patients (M/F sex ratio 1:1; mean  SD age at disease onset 52  12 years) were included in the
study. All patients had monoclonal gammopathy of immunoglobulin G type, with kappa light chains in 47 (68%). Median
(interquartile range) follow-up duration was 5.1 (2.5-9.7) years. Twenty-four patients (35%) died after 3.3 (0.9-8) years.
Fifty-seven (86%) patients received at least one preventive treatment, including intravenous immunoglobulins (IVIg) n ¼
48 (73.8%), theophylline n ¼ 22 (33.8%), terbutaline n ¼ 22 (33.8%), and thalidomide n ¼ 5 (7.7%). In the 65 patients
with follow-up, 5- and 10-year survival rates were 78% (n ¼ 35) and 69% (n ¼ 17), respectively. Multivariate analysis
found preventive treatment with IVIg (hazard ratio 0.27; 95% conﬁdence interval, 0.10-0.70; P ¼ .007) and terbutaline
(hazard ratio 0.35; 95% conﬁdence interval, 0.13-0.96; P ¼ .041) to be independent predictors of mortality.
CONCLUSIONS: We describe the largest cohort to date of patients with well-deﬁned monoclonal gammopathyassociated systemic capillary-leak syndrome. Preventive treatment with IVIg was the strongest factor associated with
survival, suggesting the use of IVIg as the ﬁrst line in prevention therapy.
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Monoclonal gammopathy-associated systemic capillary-leak
interstitial edema (eg, myalgias, paresthesia, nausea and
syndrome, also known as Clarkson disease, is a rare condivomiting, abdominal pain, and generalized or segmental
tion characterized by recurrent life-threatening episodes of
edema); 3) hemoconcentration (elevated hematocrit or
capillary hyperpermeability in the context of a monoclonal
hemoglobin exceeding normal values for age and sex
gammopathy.1 Since the initial description of the disease by
or >20% of the last reference value for a given patient)
Clarkson et al in 1960,1 fewer than 250 cases have been
with paradoxical hypoproteinemia; 4) and exclusion of
reported worldwide.2 During acute
any other cause of secondary
episodes, ﬂuid and protein leakage
capillary-leak
syndrome
or
CLINICAL SIGNIFICANCE
from the intravascular comparthypoproteinemia.2,7,16
ment into the interstitium causes
In case of suspicion of Clark Five- and 10-year survival rates in 65
clinical signs of acute hypovolemia
son
disease, patients were referred
patients with monoclonal gammopathyand interstitial edema. The laborato the EurêClark coordinating
associated systemic capillary-leak syntory work-up is pathognomonic,
center, where medical history,
drome were 78% and 69%, respectively.
with marked hemoconcentration
clinical manifestations, and labo Intravenous immunoglobulins improve
and
paradoxical
hyporatory ﬁndings of every patient
proteinemia.1,3,4 Diagnosis relies
were evaluated and the diagnosis
survival of patients with monoclonal
conﬁrmed or invalidated. Patients
on recurring typical ﬂares associgammopathy-associated
systemic
without monoclonal gammopathy
ated with monoclonal gammopathy
capillary-leak syndrome.
were not considered for inclusion
(reported in >85% of patients),1,4-7
in the registry, and no pediatric
after exclusion of differential dipatients were included because none had monoclonal
agnoses of secondary capillary-leak syndrome or
gammopathy. Some patients have been previously reported
hypoproteinemia.
in earlier EurêClark studies.5,6
Optimal management remains unclear, although in recent
years, a growing body of evidence suggested that intravenous
immunoglobulins (IVIg) might prevent attack recurrence.5,8-15
Data Collection and Deﬁnition
Herein, we report the clinical characteristics, the natural
history, and the outcome of 69 patients with monoclonal
Standardized forms were used to collect baseline and
gammopathy-associated systemic capillary-leak syndrome.
follow-up data: epidemiologic, clinical data, and laboratory
ﬁndings; number and frequency of attacks; and preventive
treatments and outcomes. After patient inclusion, referring
METHODS
physicians were contacted by e-mail or telephone every 6
months to complete follow-up forms.
The European Clarkson Disease (EurêClark)
Severe attacks were deﬁned as: systolic blood pressure
Registry
<80
mm Hg, mean blood pressure <65 mm Hg, loss of
5,6
As previously reported,
the EurêClark registry is an
consciousness, admission to the intensive care unit, or a
international study group, comprising 49 medical centers in
combination of these. Chronic evolution was deﬁned by a
8 countries (France, Italy, Israel, Switzerland, Lebanon,
high number and frequency of episodes that made them
Canada, Spain, and Turkey), which gathers monoclonal
nondifferentiable. Monoclonal gammopathy identiﬁcation
gammopathy-associated systemic capillary-leak syndrome
and quantiﬁcation were performed using serum protein
observations and prospectively monitors episodes, prevenelectrophoresis and immunoﬁxation, always prior to any
tive treatments, complications, and patient outcomes. In
IVIg infusion. The diagnosis of myeloma was established
1997, this registry was approved by local review boards
according to the up-to-date international guidelines available
(APeHP no.14) and the “Commission Nationale de l’Inat the time of each evaluation.
formatique et des Libertés” (no. 1001704). All patients, or
Preventive treatments were deﬁned as drugs introduced
their next of kin, accepted the inclusion in the EurêClark
to prevent recurrence or to lower the severity of episodes.
database.
Four preventive treatments were considered in this study:
IVIg, theophylline, terbutaline, and thalidomide. According
EurêClark Inclusion and Noninclusion Criteria
to drug tolerance, preventive treatment dosages were as
follows: theophylline 400 to 1600 mg/day; terbutaline 15 to
Patients were included from January 1, 1997 and prospec25 mg/day, and thalidomide 50 mg/day to a maximum
tively monitored until March 31, 2016. Patients could be
dosage of 100 mg/day. There was no prespeciﬁed protocol
included even when the ﬁrst episode preceded the starting
for the preventive treatment administration. Prior to the
date for inclusions.
year 2000, the combination of theophylline and terbutaline
Criteria for the diagnosis of Clarkson disease were as
was administered as the ﬁrst therapy. Since the year 2000,
follows: 1) presence of a monoclonal gammopathy; 2) one
IVIg are recommended as the ﬁrst-line therapy. The ﬁrst
or more episodes that met all of the following criteria5:
IVIg infusion was always initiated after the resolution of the
clinical signs of acute hypovolemia (eg, sudden fatigue,
previous attack, due to concern about the safety of IVIg
thirst, dizziness, oliguria, and low blood pressure) and acute
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during severe episodes. The initial recommended IVIg
treatment was the monthly intravenous administration of 2
g/kg of body weight. We recommended no speciﬁc type of
IVIg, and the choice depended on the preference of each
center. The monthly treatment with 2 g/kg was administered
during a minimum of 1 year. In the absence of a 1-year
recurrence and after the approval of the coordinating center, the IVIg treatment could be tapered to 1 g/kg monthly
and then, after another year free of recurrence, to 0.5 g/kg
monthly. After achieving the dosage of 0.5 g/kg monthly,
we considered on a case-to-case basis whether to increase
the interval between the IVIg infusions. In case of relapse,
the IVIg treatment was returned to the previous step.

1219.e21
model using backward-stepwise variable elimination was run
(with the variable exit threshold set at P >.10). Factors
achieving P .20 in univariate analysis and parameters
previously reported to be strongly associated with death were
entered into the multivariate model. Considering the time
from diagnosis to death or the end of follow-up as the time to
event, survival rates were estimated using Kaplan-Meier
curves and compared using the log-rank test. Statistical
signiﬁcance was deﬁned as P <.05. Analyses were
computed with IBM SPSS Statistics 22.0 software (IBM
Corp., Armonk, NY).

RESULTS
Statistical Analysis

Patient Characteristics

Results are expressed as frequencies (%), continuous variables as mean (standard deviation) or median [interquartile
range 25-75], and compared using Student’s t test or
Wilcoxon-rank test when appropriate. Categorical variables
were compared with Fisher’s exact tests. Patients’ demographic, clinical, and biological characteristics were
tested in univariate analysis for association with end-offollow-up mortality. Thereafter, Cox proportional hazard

Characteristics of the 69 patients included in the study, between
January 1997 and March 2016, are reported in Table 1. The
male/female ratio was 1:1, with mean age at disease onset and
at diagnosis of 52  12 years and 53.5  12 years,
respectively. All patients had an immunoglobulin (Ig)G
monoclonal gammopathy, with kappa and lambda light chains
in 47 (68.1%) and 24 (34.8%) patients, respectively
(2 patients had biclonal gammopathy). The median level of
monoclonal component at diagnosis was 4.4 [2-8] g/L. All
patients met, at diagnosis, the criteria for monoclonal gammopathy of undetermined signiﬁcance.

Table 1 General Characteristics of 69 Patients with Monoclonal
Gammopathy-Associated
Systemic
Capillary-Leak
Syndrome
Parameter
Patients
Women
Age at onset,† y
Age at diagnostic, y
Time from onset to diagnostic, mo
Monoclonal gammopathy
IgG heavy chain
Kappa light chain‡
Lambda light chain‡
Monoclonal protein level at
diagnosis, g/L
Trigger
Infection§
Hormonal
Effort
Biological data
Hemoglobin,k g/dL
Hematocrit,k %
Proteinemia,¶ g/L
Albuminemia,¶ g/L

n*

Value

55

69
35 (50.7)
52  12
53.5  12
5.9 [0.1-20.5]
69 (100)
69 (100)
47 (68.1)
24 (34.8)
4.4 [2-8]
48
45
4
2

62
60
59

Outcomes
Median length of follow-up was 5.1 [2.5-9.7] years. The
median number of attacks after diagnosis was 2 [0-6],
including 1 [0-2] severe episode. This number was highly
heterogeneous among patients, with a maximum numbers of
attacks after diagnosis of 35.

(69.5)
(65.2)
(5.8)
(2.9)

20.3 [18.1-22]
59.6 [55-65.2]
45 [38-52.7]
23.6 [17-28]

Values are expressed as n (%), and continuous variables as mean 
standard deviation or median [interquartile range].
IgG ¼ immunoglobulin G.
*Number of value available for the 69 patients.
†Onset was deﬁned as the ﬁrst attack reported.
‡Two patients had a biclonal gammopathy.
§Including ﬂu-like illness, proven viral and bacterial infections.
kHighest value available for each patient during any attack.
¶Lowest value available for each patient during any attack.

Figure 1 Treatment administration distribution in 65 patients with monoclonal gammopathy-associated systemic
capillary-leak syndrome.
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Fifty-seven (86.2%) patients received at least one preventive treatment during follow-up, including: IVIg (n ¼ 48,
73.8%), theophylline (n ¼ 22, 34%), terbutaline (n ¼ 22,
34%), and thalidomide (n ¼ 5, 7.7%). Twenty-three patients
(35.4%) received more than one preventive treatment. The
distribution of the treatments administered during follow-up
is reported in Figure 1. Other outcomes and preventive
treatment parameters are reported in Table 2.
Multiple myeloma occurred in 5 (7.2%) patients.
Twenty-four patients (34.8%) died after a median duration
of 3.3 [0.9-8] years: 20 (83.3%) during a severe attack and 4
(16.7%) from multiple myeloma. Four patients died during
their ﬁrst episode, and were not included in the follow-up
analysis. One-, 2-, 5- and 10-year survival rates were
97%, 95%, 78%, and 69%, respectively. The Kaplan-Meier
curve of probability of survival is shown in Figure 2.

Table 2 Outcome, Preventive Treatment, and Survival of 69
Patients with Monoclonal Gammopathy-Associated Systemic
Capillary-Leak Syndrome
Parameter

Value

Patients
Duration of follow-up, y
Number of attacks prior to diagnosis
Severe attacks
Chronic evolution prior to diagnosis*
Number of attacks after diagnosis
Severe attacks
Chronic evolution after diagnosis*
Complications
Compartment syndrome
Myeloma
Death
Severe attack
Myeloma
Patients†
Preventive treatment
More than one preventive treatment
Intravenous immunoglobulins
Duration, y
Theophylline
Duration, y
Terbutaline
Duration, y
Thalidomide
Duration, y
Probability of survival
1-year n ¼ 60*
2-year n ¼ 58*
5-year n ¼ 35*
10-year n ¼ 17*
15-year n ¼ 6*

69
5.1 [2.5-9.7]
2 [1-3]
1 [1-2]
4 (5.8)
2 [0-6]
1 [0-2]
9 (13)
23 (33.3)
5 (7.2)
24 (34.8)
20 (83.3)
4 (16.7)
65
56 (86.2)
23 (35.4)
48 (73.8)
4.3 [2.3-7.5]
22 (33.8)
2.5 [1.4-3.6]
22 (33.8)
2.3 [0.7-3.9]
5 (7.7)
1.4 [0.8-7]

Factor Association with End-of-Follow-up
Mortality
The comparison between survivors (n ¼ 45) and patients
who died (n ¼ 20) during follow-up is reported in Table 3.
Nonsurvivors had signiﬁcantly more recurrence of severe
episodes after diagnosis (19 [95%] vs 19 [42.2%],
P <.0001) and myeloma (5 [25%] vs 0 [0%], P ¼ .002)
than did survivors. Survivors received signiﬁcantly more
frequent preventive treatment with IVIg (40 [88.9%] vs 8
[40%], P <.0001) than did nonsurvivors. According to
multivariate analysis using a Cox proportional model to
identify mortality-associated factors (Table 4), only
preventive treatment with IVIg (HR 0.27; 96% conﬁdence
interval [CI], 0.10-0.70; P ¼ .007) and terbutaline (HR
0.35; 95% CI, 0.13-0.96; P ¼ .04) were independent
predictors of mortality. Five- and 10-year survival rates in
patients treated with IVIg were 91% and 77%, respectively,
compared with 47% and 37% in patients not treated with
IVIg (log rank test P <.0001, Figure 3).

Subgroup Comparison
Patients treated with IVIg (n ¼ 48) had signiﬁcantly less
recurrence of attacks and fewer severe attacks (31 [64.6%]
vs 16 [94.1%], P ¼ .03 and 22 [45.8%] vs 16 [94.1%],
P <.0001, respectively) compared with patients not treated
with IVIg (n ¼ 17, Table 5).
Conversely, patients treated with terbutaline (n ¼ 22) had
signiﬁcantly more recurrence of episodes and more severe
episodes (20 [90.9%] vs 27 [62.8%], P ¼ .02 and 17
[77.3%] vs 21 [48.8], P ¼ .035) than patients not treated
with terbutaline (n ¼ 43, Table 6).
Finally, patients without severe recurrence (n ¼ 27)
received IVIg more frequently (26 [96.3%] vs 22 [57.9%],
P <.0001) and less often terbutaline (5 [18.5%] vs 17
[44.7%], P ¼ .035) than did patients with severe recurrence
(n ¼ 38, Table 7). It is worth noting that patients with

97%
95%
78%
69%
49%

Values are expressed as n (%), and continuous variables as mean 
standard deviation or median [interquartile range].
*Number of patients still at risk of dying, excluding patients whose
follow-up is ended or lost.
†Four patients died during their ﬁrst attack and were not included in
the follow-up analysis.

Figure 2 Kaplan-Meier curve of cumulative probability of
survival in 65 patients with monoclonal gammopathyassociated systemic capillary-leak syndrome.
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Table 3 Comparison Between Survivors and Nonsurvivors in 65† Patients with Monoclonal Gammopathy-Associated Systemic CapillaryLeak Syndrome
Alive
n ¼ 45

Dead
n ¼ 20

P-Value

24 (53.3)
52.9  13
53.8  12.7
5.8 [3.4-10.8]
39 (86.7)
4.6 [0.1-19.5]
28 (62.2)

9 (45)
51.3  11.1
52.7  11.3
4.5 [2.5-10.3]
8 (40)
11.1 [1.2-23.9]
17 (85)

.6
.9
.9
.3
<.0001
.2
.08

54

34 (75.5)
4 [1.5-8.8]

11 (55)
4.1 [1.6-8.8]

.1
.2

62
60
59

20 [18.1-22.4]
59.6 [55-65]
45 [33.5-52]
24 [16.5-28.7]

20,1 [17.9-21]
59.3 [57-68]
41 [39-53]
20.5 [17.9-27.2]

.4
.8
.9
.8

2 [1-3]
1 [1-1.5]
2 (4.4)
28 (62.2)
19 (42.2)
1 [0-8]
0 [0-2]
4 (8.9)

2 [1.2-4]
1 [1-2]
2 (10)
19 (95)
19 (95)
3 [1.25-7.25]
1 [1-6]
5 (25)

n*
General characteristics
Women
Age at onset,‡ y
Age at diagnostic, y
Duration of follow-up, y
Start of follow-up after year 2000
Time from onset to diagnostic, mo
Trigger
Monoclonal gammopathy
Kappa light chain
Monoclonal component level at diagnosis, g/L
Biological data
Hemoglobin,§ g/dL
Hematocrit,§ %
Proteinemia,k g/L
Albuminemia,k g/L
Capillary-leak episodes
Number of attacks prior to diagnosis
Severe attacks
Chronic evolution
Recurrence of attacks after diagnosis
Severe attacks
Number of attacks after diagnosis
Severe attacks
Chronic evolution
Complications
Compartment syndrome
Myeloma
Treatments
Preventive treatment
More than one preventive treatment
Intravenous immunoglobulins
Duration, y
Theophylline
Duration, y
Terbutaline
Duration, y
Thalidomide

16 (35.5)
0 (0)
43 (95.5)
16 (35.5)
40 (88.9)
4.1 [2.4-7.5]
14 (31.1)
2.5 [0.9-5.1]
16 (35.5)
2.5 [0.6-4.7]
2 (4.4)

4 (20)
5 (25)
13 (65)
7 (35)
8 (40)
4.5 [2.2-9.9]
8 (40)
2.3 [0.8-3.2]
6 (30)
1.7 [0.06-2.8]
3 (15)

.1
.3
.5
.007
<.0001
.09
.001
.1
.2
.002
.003
1
<.0001
.8
.5
.5
.8
.1
.1

Values are expressed as n (%), continuous variables as mean  standard deviation or median [interquartile range].
*Number of value available for the 65 patients.
†Four patients died on their ﬁrst attack and were not included in the follow-up analysis.
‡Onset was deﬁned as the ﬁrst attack reported.
§Highest value available for each patient during any attack.
kLowest value available for each patient during any attack.

severe relapse had a more frequent median level of
monoclonal protein at diagnosis 5 g/L (17 [44.7%] vs 7
[25.9%], P ¼ .006).

DISCUSSION
Monoclonal gammopathy-associated systemic capillary-leak
syndrome is a puzzling condition responsible for recurrent
shocks of unknown origin. Despite increasing evidence over

the recent years, data about long-term evolution and efﬁcacy
of preventive treatments remain scarce.1
Herein, we further characterize the disease’s clinical
characteristics, long-term evolution, and mortalityassociated factors in the largest cohort reported to date.
The demographic characteristics of our cohort differ from
those previously reported. Indeed, the mean age at diagnosis
was over 50 years, 10 years older than other cohorts.2,4,5,7,9
This age difference probably reﬂects the exclusion of
pediatric cases. Moreover, a mean age of approximately 50
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Table 4 Cox Proportional Hazard Model Univariate and Multivariate Analysis of All-Cause Mortality Associated factors in 65* Patients
with Monoclonal Gammopathy-Associated Systemic Capillary-Leak Syndrome
Univariate

Women
Age at onset,† y
Start of follow-up after year 2000†
Kappa light chain
Monoclonal protein level at diagnosis 5 g/L
Myeloma†
Compartment syndrome
Recurrence of attacks after diagnosis
Severe attacks†
Number of attacks after diagnosis
Severe attacks
Preventive treatments
Intravenous immunoglobulins†
Theophylline
Terbutaline†

Multivariate

HR

95% CI

P Value

0.90
1.01
0.53
0.40
1.31
2.48
0.81
3.38
7.46
0.97
1.02
0.18
0.22
0.80
0.48

0.37-2.18
0.97-1.05
0.19-1.45
0.16-0.97
0.42-4.11
0.87-7.08
0.26-2.54
0.44-25.7
0.98-56.8
0.91-1.03
0.93-1.12
0.07-0.49
0.09-0.54
0.32-2.01
0.18-1.29

.8
.4
.2
.04
.6
.09
.7
.2
.052
.3
.6
.001
.001
.6
.1

HR

95% CI

P Value

1.01
1.31

0.96-1.06
0.38-4.47

.6
.6

1.33

0.46-3.84

.6

5.47

0.67-44.2

.1

0.27

0.10-0.70

.007

0.35

0.13-0.96

.04

CI ¼ conﬁdence interval; HR ¼ hazard ratio.
*Four patients died on their ﬁrst attack and were not included in the follow-up analysis.
†Factors included in the multivariate analysis.

years agrees with the natural epidemiology of monoclonal
gammopathy, whose index of ﬁrst ﬂare occurs during the
ﬁfth decade.17,18 As part of the inclusion criteria, monoclonal gammopathy was present in every patient, whereas
rates in previous studies ranged from 76% to 82%.4,7,16,19
Heavy chain was always an IgG, as well, in all but 5

Figure 3 Kaplan-Meier curve of cumulative probability of
survival in 65 patients with monoclonal gammopathyassociated systemic capillary-leak syndrome with or without
preventive treatment with intravenous immunoglobulin.
Probabilities of survival were compared using the log rank
test. IVIg þ ¼ patients treated with intravenous immunoglobulin; IVIg  ¼ patients not treated with intravenous
immunoglobulin.

previously reported patients: 3 had an IgA (2 with typical
attacks20-22 and one with a chronic form at onset23), and 2
had an IgM (with chronic forms24,25). Predominance of
kappa light chain is concordant with previous reports.2,4,16,26 Five patients developed myeloma during their
follow-up. Considering the number of patients in the cohort
(n ¼ 69), the median duration of follow-up (5 years), and a
theoretical risk of progression of monoclonal gammopathy
toward myeloma (1% each year),17,18 the prevalence of
myeloma in our cohort seems to be consistent with the
natural evolution of monoclonal gammopathy. There was no
association between the initial level of the monoclonal
component and the end-of-follow-up mortality. However,
there was an association with the frequency of severe
relapse after diagnosis. Patients with a high level of
monoclonal component at diagnosis were more susceptible
to severe relapse. This ﬁnding emphasizes the role of the
monoclonal gammopathy or the plasma cell clone in the
pathophysiology of Clarkson disease.
Preventive treatments in our cohort were strongly
correlated with time. Indeed, prior to the use of IVIg, the
combination of terbutaline and theophylline was administered as the only preventive therapy. After the year
2000, IVIg was administered as a second-line therapy, in
cases of theophylline and terbutaline failure. During the
last decade, patients were treated with IVIg as a ﬁrst-line
therapy and theophylline, terbutaline, or thalidomide were
considered only in cases of IVIg failure. IVIg was the
primary preventive treatment administered in our cohort
(74%). Only one-third of our patients received betaagonists, compared with 42% to 92% of the patients
previously reported.4,5

Pineton de Chambrun et al

IVIg Improve Survival in MG-SCLS

Table 5 Comparison Between Patients Treated or Not with
Intravenous Immunoglobulins in 65* Patients with Monoclonal
Gammopathy-Associated Systemic Capillary-Leak Syndrome

Women
Start of follow-up after
year 2000
Alive at the end of
follow-up
Age at onset,† y
Age at diagnosis, y
Duration of follow-up, y
Time from onset to
diagnostic, mo
Myeloma
Number of attacks prior
to diagnosis
Severe attacks
Recurrence of attacks
after diagnosis
Severe attacks
Number of attacks
after diagnosis
Severe attacks

IVIg
n ¼ 48

No IVIg
n ¼ 17

P-Value

23 (47.9)
7 (14.6)

10 (58.8)
11 (64.7)

.5
<.0001

40 (83.3)

5 (29.4)

<.0001

51.3  13
52.2  12.9
5.4 [3.4-10.2]
6 [0.1-21.8]

55.7  9.6
57  9
4.5 [2.4-11.7]
9.2 [0.6-21.7]

.2
.2
.6
.5

1 (2.1)
2 [1-3.75]

4 (23.5)
2 [1-3.5]

.015
.9

1 [1-2]
31 (64.6)

1 [1-2]
16 (94.1)

.8
.03

22 (45.8)
1.5 [0-10.5]

16 (94.1)
2 [1.5-5]

<.0001
.4

0 [0-2]

1 [1-3.5]

.01

Values are expressed as n (%), continuous variables as mean 
standard deviation or median [interquartile range].
IVIg ¼ intravenous immunoglobulins.
*Four patients died on their ﬁrst attack and were not included in the
follow-up analysis.
†Onset was deﬁned as the ﬁrst attack reported.

Overall 5- and 10-year survival rates of the 65 patients
with follow-up were 78% and 69%, respectively, consistent
with the survival rate of 24 patients from the Mayo Clinic
cohort,4 but slightly higher than the survival rate reported in
2 reviews (5- and 10-year survival of 70% and 66%,
respectively).16,26
Importantly, preventive treatment with IVIg and terbutaline were the only factors signiﬁcantly associated with
survival in multivariate analysis. Neither the use of thalidomide nor theophylline was associated with improved survival. IVIg’s efﬁcacy in preventing recurrence of episodes
has been reported in several case reports and short series
during the last decade.8-15 We previously reported the efﬁcacy of a preventive treatment in reducing mortality in 28
patients,5 but lacked statistical power to determine which
treatment between IVIg and beta-agonists was responsible
for this effect. Herein, we widen the evidence supporting
IVIg’s efﬁcacy on severe attacks and mortality prevention.
Patients treated with IVIg were more likely to be free of
recurrence or severe recurrence, and to be alive at the end of
follow-up. Furthermore, all but one patient who did not
experience a severe relapse were treated with IVIg.
Multivariate analysis also considered terbutaline as an
independent predictor of survival, although it was not
associated with survival in univariate analysis. Patients with
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Table 6 Comparison Between Patients Treated or Not with
Terbutaline in 65* Patients with Monoclonal GammopathyAssociated Systemic Capillary-Leak Syndrome

Women
Start of follow-up after
year 2000
Alive at the end of
follow-up
Age at onset,† y
Age at diagnosis, y
Duration of follow-up, y
Time from onset to
diagnostic, mo
Myeloma
Number of attacks prior to
diagnosis
Severe attacks
Recurrence of attacks after
diagnosis
Severe attacks
Number of attacks after
diagnosis
Severe attacks

Terbutaline
n ¼ 22

No Terbutaline
n ¼ 43
P-Value

14 (63.6)
12 (54.5)

19 (44.2)
35 (81.4)

.2
.04

16 (72.7)

29 (67.4)

.8

52.7  11.4
53.8  10.6
7.3 [4.7-12.8]
6.9 [0.5-21]

52.3  12.9
53.3  13.1
4.5 [2.5-8.1]
8.1 [0.1-22.3]

.9
.8
.014
.5

1 (4.5)
2 [1-3]

4 (9.3)
2 [1-4]

.6
.5

1 [1-2]
20 (90.9)

1 [1-2]
27 (62.8)

.2
.02

17 (77.3)
5 [2-14]

21 (48.8)
1 [0-5]

.035
.003

2 [0.75-5]

0 [0-1]

.006

Values are expressed as n (%), continuous variables as mean 
standard deviation or median [interquartile range].
*Four patients died on their ﬁrst attack and were not included in the
follow-up analysis.
†Onset was deﬁned as the ﬁrst attack reported.

severe recurrence were more likely to be treated with terbutaline than patients without severe recurrence. Moreover,
recurrence and severe recurrence were more frequent in
patients treated with terbutaline than in patients not treated
with terbutaline. These contradictory results could suggest
the existence of a confounding factor in the interpretation of
terbutaline efﬁcacy. Yet, this could also suggest that terbutaline did not lower recurrence but only the severity of episodes, responsible for an overall effect on mortality.
Altogether, these results suggest the use of IVIg as ﬁrstline prevention therapy in patients with monoclonal
gammopathy-associated systemic capillary-leak syndrome.
Results regarding the efﬁcacy of terbutaline should be
considered carefully, and terbutaline could be considered in
cases of IVIg failure.
Our study has several limitations. First, because patients
were recruited over 2 decades, treatment regimens were
inevitably heterogeneous. Second, we included and
compared new and old patients whose cases had already
been published. However, this allowed us to report the
largest cohort to date and to increase the power of our statistical analysis. Last, we did not analyze the effects of other
preventive treatments (eg, calcium channel blockers, corticosteroids, Ginkgo biloba extract, and pentoxifylline) in the
survival analysis, which might induce a potential bias. Yet,
these treatments were administered in only a limited number
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Table 7 Comparison According the Occurrence of a Severe Attack after Diagnosis in 65* Patients with Monoclonal GammopathyAssociated Systemic Capillary-Leak Syndrome

Women
Start of follow-up after year 2000
Alive at the end of follow-up
Age at onset,† y
Age at diagnosis, y
Duration of follow-up, y
Time from onset to diagnostic, mo
Monoclonal component level at diagnosis 5g/L
Myeloma
Number of attacks prior to diagnosis
Severe attacks
Attacks after diagnosis
Severe attacks
Number of attacks after diagnosis
Severe attacks
Preventive treatments
Intravenous immunoglobulins
Theophylline
Terbutaline
Thalidomide

Severe Recurrence
n ¼ 38

No Severe Recurrence
n ¼ 27

P-Value

19 (50)
21 (55.3)
19 (50)
50.7  11.3
52.1  11.3
6.65 [3.4-12.7]
8.9 [0.5-22.8]
17 (44.7)
4 (10.5)
2 [1-4]
1 [1-2]
38 (100)
38 (100)
5 [2-14]
2 [1-5]
30 (78.9)
22 (57.9)
19 (50)
17 (44.7)
5 (13.2)

14 (51.9)
26 (96.3)
26 (96.3)
54.8  13.1
55.5  13.4
4.5 [2.3-7.1]
0.6 [0.1-16.5]
7 (25.9)
1 (3.7)
2 [1-3]
1 [1-2]
9 (33.3)
0 (0)
0 [0-1]
0 [0-0]
26 (96.3)
26 (96.3)
3 (11.1)
5 (18.5)
0 (0)

1
<.0001
<.0001
.2
.3
.01
.1
.006
.4
.1
.4
<.0001
na
na
na
.02
<.0001
.001
.035
.07

Values are expressed as n (%), continuous variables as mean  standard deviation or median [interquartile range].
*Four patients died on their ﬁrst attack and were not included in the follow-up analysis.
†Onset was deﬁned as the ﬁrst attack reported.

of patients, over short periods of time, and their efﬁcacy is
highly controversial.

CONCLUSION
This study reports on a large cohort of patients with welldeﬁned monoclonal gammopathy-associated systemic
capillary-leak syndrome. Five- and 10-year survival rates
were 78% and 69%, respectively. Multivariate analysis
determined preventive treatment with IVIg as the primary
factor associated with survival. These results suggest the use
of IVIg as the ﬁrst-line preventive agent in monoclonal
gammopathy-associated systemic capillary-leak syndrome.
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