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Abstract

The clinical features of patients with secondary hemophagocytic lymphohistiocytosis (sSHLH) complicated with capillary
leak syndrome (CLS) remain controversial. The data of 259 sHLH patients were retrospectively analyzed. The clinical
manifestations, laboratory findings, treatment, and prognosis of the CLS-sHLH group and non-CLS-sHLH group were com-
pared. The levels of fibrinogen, albumin, and serum calcium in the CLS-sHLH group were lower than in the non-CLS-sHLH
group, and serum triglycerides in the CLS-sHLH group were higher than in the non-CLS-sHLH group (P <0.05). Univariate
analysis showed that fibrinogen level was an independent prognostic factor in sHLH patients complicated with CLS. The
median survival time was significantly shorter in patients with fibrinogen < 1.3 g/L than in patients with fibrinogen> 1.3 g/L.
(P <0.05). Patients with improved CLS conditions in the CLS-sHLH group had significantly increased albumin and serum
calcium after treatment (P < 0.05); patients without improved conditions in the CLS-sHLH group also had significantly
increased albumin after treatment (P < 0.05), but the serum calcium did not change significantly (P >0.05). sHLH patients
complicated with CLS had significantly worse prognosis than without CLS. Significant reduction in fibrinogen may be an
independent prognostic factor for poor prognosis in SHLH patients complicated with CLS.
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Introduction

Capillary leak syndrome (CLS) has varied clinical mani-
festations, such as generalized edema, weight gain, hypo-
tension, hypoalbuminemia, oliguria, and polyserositis. CLS
results from massive fluid and protein leakage due to an
impaired capillary endothelium and increased vascular per-
meability caused by various disease conditions [1]. Accord-
ing to the etiology, CLS can be divided into idiopathic and
secondary CLS [2]. Idiopathic CLS is caused by an unex-
plained episodic systemic capillary hyperpermeability.
Secondary CLS is secondary to other, underlying diseases,
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including hemophagocytic lymphohistiocytosis (HLH),
and their treatment. HLH is triggered by excessive immune
activation and excessive cytokine production by abnor-
mally high numbers of lymphocytes and macrophages [3].
According to the etiology, HLH can be divided into primary
HLH and secondary HLH (sHLH) [4]. sHLH is a disease
with excessive immune activation caused by factors such as
infection, tumors, and autoimmune diseases, usually without
known genetic defects or family history [5].

The most common cause of secondary CLS is sepsis,
followed by malignant hematological diseases such as lym-
phoma, acute leukemia, and HLH. Secondary CLS can also
be caused by extracorporeal circulation treatment, severe
trauma, implantation syndrome, differentiation syndrome,
ovarian hyperstimulation syndrome, viral hemorrhagic fever,
autoimmune diseases, snake bites, and ricin poisoning.
Drugs that can be used for treating secondary CLS include
interleukin (IL)-2, IL-11, some monoclonal antibodies, and
gemcitabine [1, 6-9].

There are very few reports on CLS related to HLH,
which may be related to the insufficient understanding of
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the disease by clinicians. By retrospectively analyzing the
clinical features and laboratory data of 47 sHLH patients
complicated with CLS and 212 sHLH patients without CLS,
this study aims to investigate the general clinical characteris-
tics, treatment, and prognosis of sHLH patients complicated
with CLS.

Materials and methods
Study subjects

The study subjects were 259 newly diagnosed sHLH patients
in our hospital between January 2015 and December 2018.
All diagnoses met the HLH-2004 diagnostic criteria. Based
on whether they were complicated with CLS, the patients
were divided into the CLS-sHLH group and non-CLS-sHLH

group. There were 47 patients in the CLS-sHLH group,
including 31 males and 16 females, with a median age of
50 (13-85) years. There were 212 patients in the non-CLS-
sHLH group, including 119 males and 93 females, with a
median age of 52 (15-86) years. The baseline clinical char-
acteristics of patients in the two groups are shown in Table 1.
The patients in the CLS-sHLH group were divided into the
CLS remission subgroup and the CLS non-remission sub-
group based on the disappearance of CLS symptoms after
treatment. There were 35 and 12 patients in the CLS remis-
sion subgroup non-remission subgroup, respectively.

Diagnostic criteria
HLH diagnosis was based on the HLH-2004 diagnostic

criteria [4]. HLH can be diagnosed if one of the following
two conditions is met: (1) the presence of genetic defects

Table 1 Baseline clinical

o Characteristics CLS-sHLH group (N=47) non-CLS-sHLH group P value
characteristics of CLS-sHLH (N=212)
group and non-CLS-sHLH
group Median age (years) 50 (13-85) 52 (15-86) 0.599
Gender 0.217
Male 31 (66.0) 119 (51.4)
Female 16 (34.0) 93 (43.9)
Fever® 47 (100.0) 212 (100.0) 1.00
Splenomegaly 40 (85.1) 177 (83.5) 0.786
ANC (x 10% 0.93 (0-3.4) 0.94 (0-4.1) 0.898
HB (g/L) 89 (43-142) 92 (37-154) 0.387
PLT (x10°) 52 (7-65) 53 (5-87) 0.393
TG (mmol/L) 3.17 (0.96-14.6) 3.02 (0.42-9.44) <0.001*
Fibrinogen (g/L) 1.30 (0.24-3.93) 1.49 (0.20-6.89) 0.001*
EBV-infection 0.236
Positivity (%) 23 (48.9) 83 (39.2)
Negativity (%) 24 (51.1) 125 (58.9)
Unknown 0 4(1.9)
Bone marrow hemophagocytosis 0.261
Present (%) 41 (87.2) 170 (80.2)
Absent (%) 6 (12.8) 42 (19.8)
Ferritin (ug/L) 3494 (926.7-15000) 3035 (139-15000) 0.251
sCD25° 0.126
>2000 ng/L 45 (95.7) 187 (88.2)
<2000 ng/L. 2(4.3) 25 (11.8)
Albumin (g/L) 22.3 (16.8-25) 39 (16.9-49.8) <0.001*
Serum calcium (mmol/L) 1.875 (1.31-3.84) 1.99 (0.86-2.87) 0.039*

Continuous variables are presented as median with interquartile range (IQR) and categorical variables are
shown as frequency and percentage (n, %)

CLS capillary leak syndrome, sHLH secondary hemophagocytic lymphohistiocytosis, ANC absolute neu-
trophil count, HB hemoglobin, PLT platelet, TG triglyceride, sCD25 soluble interleukin-2 receptor

*Significantly different

“Persistent fever (temperature > 38.5 °C for more than 1 week)

The serum level of sCD25 was measured by double antibody sandwich method with quantitative ELISA
kit. The normal value range was 0-2000 ng/L
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of HLH confirmed by molecular biological examination;
(2) five out of the following eight indicators are observed:
fever (body temperature > 38.5 °C) lasting > 7 days; spleno-
megaly; peripheral blood cell reduction by two or three cri-
teria (hemoglobin < 90 g/L, platelets < 100X 10°/L, absolute
neutrophil count (ANC) < 1.0 10°/L) that was not caused
by decreased bone marrow hematopoietic function; hypertri-
glyceridemia and/or hypofibrinogenemia (fasting triglycer-
ides >3 mmol/L or three standard deviations higher than the
standard for the patient’s age, fibrinogen< 1.5 g/L or three
standard deviations lower than the standard for the patient’s
age); phagocytosis in bone marrow, spleen, or lymph nodes;
decreased or absent natural killer cell activity; serum ferri-
tin > 500 pg/L; and increased soluble interleukin-2 receptor
(sCD25) level.

Currently, there is no unified CLS diagnostic standard.
The CLS diagnostic criteria in this study were the following
[10]: after crystalloid fluid therapy, the blood pressure still
progressively decreased, with CVP <5 cm H,O or lower than
90/60 mmHg; serum albumin < 25 g/L; progressive edema,
weight gain, or accompanying polyserositis; reduced oxy-
genation index; chest X-ray showing pleural effusion; and
critical illness after fluid resuscitation in patients who did
not have edema caused by cardiogenic, hepatic nephrotic,
neurogenic, hemorrhagic, or septic shock-related factors [6].
In this study, all 47 CLS-sHLH patients had CLS at the ini-
tial diagnosis of sHLH.

Patients in the CLS-sHLH group were divided into the
CLS remission group and non-remission subgroup according
to whether the symptoms of CLS disappeared or not. After
treatment, the weight of patients in the CLS remission group
decreased to before onset, edema and oliguria disappeared,
blood pressure returned to normal, multi-serosal cavity effu-
sion disappeared, and serum albumin and serum calcium
increased significantly after treatment. The opposite was true
for the group with no improvement in CLS.

Clinical analysis experimental methods
and follow-up

The clinical and laboratory data of all sHLH patients
complicated with CLS were retrospectively analyzed. All
included patients underwent routine blood testing, a compre-
hensive metabolic panel, coagulation function testing, fer-
ritin testing, virology [including Epstein—Barr virus (EBV),
cytomegalovirus (CMV)], sCD25, blood and bone marrow
culture, immunoglobulin, and rheumatoid panel testing;
imaging (positron-emission tomography/computed tomog-
raphy (CT) and/or CT, X-ray, B-mode ultrasound) examina-
tion; bone marrow smear and pathology; bone marrow cell
chromosome analysis; and immunophenotyping.

The follow-up ended on February 15, 2019 and was
mostly done through reviewing medical records and

telephone calls. Overall survival (OS) is defined as the time
from diagnosis to the end of the follow-up or the time of
patient death.

Statistical methods

SPSS 24.0 software was used for statistical analysis.
Measurement and count data were analyzed by the ¢ test
and the Chi-squared test, respectively. Spearman correla-
tion was used to analyze the correlation between variables.
The Kaplan—Meier test and the log-rank method were used
for survival analysis. P <0.05 was considered statistically
significant.

Results

Comparison of the basic characteristics
between the two sHLH groups

The CLS-sHLH group and non-CLS-sHLH group had 30
and 118 cases of lymphoma-associated hemophagocytic
syndrome (LAHS) [11], respectively, which were not sig-
nificantly different proportions (P >0.05). Compared with
the non-CLS-sHLH group, the CLS-sHLH group had lower
levels of fibrinogen (FIB), albumin, and serum calcium and
higher serum triglycerides (P <0.05). The two groups had
no significant differences in neutrophil count, hemoglobin,
platelets, serum ferritin, or sCD25 (P> 0.05).

Clinical characteristics of the 47 patients
in the CLS-sHLH group

All patients had varying degrees of bilateral pitting edema,
which could be manifested as bilateral lower extrem-
ity edema, facial edema, and generalized edema; weight
gain, with an average body weight increase of more
than 10%; progressively decreased blood pressure even
after active crystalloid fluid therapy, with a blood pres-
sure < 90/60 mmHg; average oxygen saturation <95% and
serum albumin <25 g/L; and polyserositis observed by
imaging study. Of them, 43 patients had oligouria symptoms
(<400 mL/24 h).

The survival curves of the CLS-sHLH
and non-CLS-sHLH groups

Among the 47 patients in the CLS-sHLH group, 35 patients
died, for a mortality rate of 74.5% (35/47). The deceased
included 27 patients with malignant tumors, four with infec-
tion-related CLS-sHLH, two with autoimmune diseases, and
two patients with CLS-sHLH of unknown cause. Among
the 212 patients in the non-CLS-sHLH group, six were
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lost to follow-up, and 113 died. The mortality was 54.9%
(113/206). There were 84 cases of malignant tumor-associ-
ated death, 26 cases of infection-related death, one case of
autoimmune disease-related death, and two cases of death
from unknown causes. The CLS-sHLH group and non-CLS-
sHLH group had a 1-year OS of 29.3% and 45.5%, respec-
tively (P=0.048), and the 3-year OS rates were 22.8% and
42.8% (P=0.014). The median survival time was 60 days in
the CLS-sHLH group and 150 days in the non-CLS-sHLH
group (P=0.011). Figure 1 shows the survival curves of the
CLS-sHLH group and the non-CLS-sHLH group.

Subgroup analysis

Age, sex, malignant tumor presence, and laboratory indica-
tors with between-group differences (including fibrinogen,
triglyceride, albumin, serum calcium ion) were included in
Kaplan—Meier analysis to explore the prognostic factors for
OS in the 47 patients in the CLS-sHLH group. The results
showed that fibrinogen level was the only factor affecting
the OS of sHLH patients complicated with CLS (P <0.05)
(Table 2). Fibrinogen> 1.3 g/L vs <1.3 g/L was used as the
dichotomous variable to plot the survival curves. The curves
showed that the median survival time of patients in the group
with fibrinogen < 1.3 g/L was significantly shorter than that
of the fibrinogen> 1.3 g/L group (33 days vs 120 days,
P <0.05). Figure 2 shows the comparison of OS between the
sHLH-CLS patients in the fibrinogen> 1.3 g/L group and the
fibrinogen < 1.3 g/L group. The clinical symptoms of CLS
in the CLS improvement subgroup (35 patients) disappeared
after 5-14 days. Spearman correlation analysis showed that

— CLS-sHLH group

S 1
< --- non-CLS-sHLH group
=
2
>
14
=
ZI I Tt P
=
=
)
>
O -
1 P=0.011
0 T T T 1
0 500 1000 1500 2000

Survival time (days)

Fig.1 The survival curves of the CLS-sHLH group and the non-
CLS-sHLH group. Among the 47 patients in the CLS-sHLH group,
35 patients died; 212 patients in the non-CLS-sHLH group, six
were lost to follow-up, and 113 died. The median survival time was
60 days in the CLS-sHLH group and 150 days in the non-CLS-sHLH
group (P=0.011)
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Table 2 Univariate analysis of prognostic factors affecting OS in
patients with sHLH complicated with CLS

Parameters N Median x? P value
OS (days)

Age 2273 0.132
<60 years 34 75
> 60 years 13 35

Gender 0.18 0.671
Male 31 60
Female 16 45

Fibrinogen (g/L) 4.227  0.04%
<13 24 33
>13 23 120

Triglyceride (mmol/L) 0.144  0.705
<3.17 24 90
>3.17 23 30

Albumin (g/L) 0.003 0.96
<223 24 45
>22.3 23 60

Serum calcium (mmol/L) 1.923  0.166
<1.875 24 45
>1.875 23 75

Underlying diseases 1.989  0.158
Non-malignancy-associated 15 90
Malignancy-associated 32 40

*Significantly different

CLS improvement time was negatively correlated with sur-
vival time (r=0.628, P <0.001).
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Fig.2 The comparison of OS between the sHLH-CLS patients in the
fibrinogen > 1.3 g/L group and the fibrinogen <1.3 g/L group. Fibrin-
ogen>1.3 g/L vs< 1.3 g/L was used as the dichotomous variable to
plot the survival curves. The curves showed that the median survival
time of patients in the group with fibrinogen<1.3 g/L was signifi-
cantly shorter than that of the fibrinogen> 1.3 g/L group (33 days vs
120 days, P <0.05)
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Therapeutic methods

Treatment of the 47 patients in the CLS-sHLH group, for
active treatment of sHLH, reasonable fluid therapy, diuretic,
oxygen supply, and symptomatic supportive treatment were
simultaneously provided. The sHLH treatment methods varied
depending on etiology.

Treatment for the 32 sHLH patients with malignant tumors,
17 patients complicated with LAHS were treated with dexa-
methasone combined with etoposide (VP-16) and/or lipo-
somal doxorubicin. A lymphoma regimen was then applied
after remission, four patients received a regimen of cyclo-
phosphamide, epirubicin, oncovin, and prednisone (CEOP)
or rituximab + CEOP; three received doxorubicin, etoposide,
and prednisone (DEP); two received cyclophosphamide, doxo-
rubicin, Oncovin, and prednisone; one patient (with Hodgkin’s
lymphoma) received adriamycin (doxorubicin), bleomycin,
vinblastine, and dacarbazine chemotherapy; and three gave
up treatment. Two patients with myelodysplastic syndrome
also received DEP chemotherapy.

Treatment for ten patients with infection-related sHLH,
eight patients were treated with hormones and anti-infective
agents combined with immunoglobulin therapy, and VP-16
was not used. One patient with HIV was transferred to a local
infectious disease hospital for anti-HIV treatment, and one
patient with EBV was treated with HLH-1994 chemotherapy.

Treatment for three patients with autoimmune diseases-
related HLH, all three patients were treated with immu-
nosuppressive agents (cyclosporine, methotrexate, and/or
cyclophosphamide) combined with hormone therapy. Two
patients with sHLH of unknown cause were given HLH-
1994 chemotherapy.

In the CLS-sHLH group, 35 cases died eventually, among
which eight cases died as follows: three cases abandoned
treatment, three cases died due to cerebral hemorrhage
(including two cases sudden loss of consciousness, one case
seizures), one case suffered massive gastrointestinal hemor-
rhage, and one case died of acute pulmonary edema. Death
occurred in 27 patients which were not sensitive or resistant
to treatment, could aggravate CLS. Fifteen patients failed to
accept systematic primary disease treatment after response,
which resulted in HLH recurrence and death, including
nine cases of lymphoma-associated HLH, five cases of
infection-associated HLH, and one case of EBV-associated
HLH. Twelve patients died of primary disease (lymphoma-
associated HLH) progression, and there was no evidence of
active HLH at death.

Clinical features of patients in the CLS remission
subgroup and the CLS non-remission subgroup

The clinical symptoms of CLS disappeared in the 35
patients in the CLS remission subgroup after 5-14 days.

The CLS symptoms did not disappear in the 12 patients in
the CLS non-remission subgroup, all of whom died within
15-30 days. After treatment, patients in the CLS remission
subgroup had a body weight decrease back to the pretreat-
ment weight, edema and oliguria disappeared, and blood
pressure returned to normal. Polyserositis disappeared in 28
out of the 35 patients (P <0.05). Serum albumin and serum
calcium significantly increased and quickly reestablished
after treatment (P <0.05). After treatment, patients in the
CLS non-remission subgroup still had hypotension, edema,
oliguria, and polyserositis (P> 0.05), significantly increased
albumin (P <0.05), and no significant changes in serum cal-
cium (P > 0.05). Prognostic factors for OS such as weight,
edema, hypotension, oliguria, multiple serous effusions,
albumin, and serum calcium.

Discussion

Currently, there are very few studies on sHLH-induced
CLS, only a few case reports [12—14]. In clinical practice,
we have found that HLH patients complicated with CLS
had rapid disease progression and poor prognosis. Therefore,
we explored the clinical features of HLH patients compli-
cated with CLS to improve the clinical understanding of
this disease.

This study included a total of 259 newly diagnosed
sHLH patients in our hospital. Among them, 47 patients
were complicated with CLS, for an incidence rate of 18.1%,
suggesting that the incidence of CLS is relatively high in
sHLH patients. A large proportion of patients in this study
had malignant lymphomas and EBV, and the rates of these
were similar between the CLS-sHLH group and the non-
CLS-sHLH group. sHLH has four causes: malignant tumors,
infections, autoimmune diseases, and unknown causes.
There were no significant differences in the distribution of
causes of sHLH between the CLS-sHLH group and the non-
CLS-sHLH group, suggesting that the cause of sHLH had
no significant impact on the occurrence of CLS. Our results
show that CLS was most common in patients with sepsis,
but this does not suggest non-infection-related HLH patients
are more prone to develop CLS.

The pathogenesis of sHLH-induced CLS is still not clear.
One hypothesis is that excessive inflammatory cytokines due
to HLH can damage the vascular endothelial cells, resulting
in increased vascular permeability and the occurrence of
CLS. Different degrees of pleural effusion lead to hypox-
emia and hypoxia that can aggravate vascular endothelial
cell injury, forming a vicious cycle and eventually leading
to multiple-organ dysfunction syndrome (MODS) [15].
According to Tahirkheli et al. [16], CLS is often divided
into a leakage period and a recovery period. Leakage
period refers to the period of increased systemic capillary
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permeability, with clinical presentations such as progressive
generalized edema, weight gain, hypoproteinemia, hypoten-
sion, and oliguria. In the recovery period, patients’ capil-
lary permeability gradually returns to normal, manifesting
as gradual subsidence of edema, decreased body weight,
increased blood pressure and central venous pressure, and
increased urine output. Mullane et al. [17] reported that
after active treatment, one patient had completely alleviated
edema, reduced body weight, increased albumin, gradually
disappearing symptoms, and continuously improving condi-
tion. In our study, all 47 patients in the CLS-sHLH group
had clinical features of CLS at the early stage of sHLH.
After active and effective treatment, the CLS symptoms dis-
appeared in 5—14 days in the CLS improvement subgroup.
Druey et al. [18] found that CLS patients had hemo-
concentration and hypoproteinemia, which easily led to
venous thrombosis, resulting in coagulation factor defi-
ciency. Cheng et al. [19] reported that CLS patients had
decreased serum calcium. Xie et al. [20] showed that CLS
patients had significantly higher-than-normal serum IL-1p,
IL-6, CCL2, VEGF, and CXCL10. However, there are very
few studies on the changes in triglycerides and fibrinogen
levels in patients with CLS. The present study found that
fibrinogen, albumin, and serum calcium in the CLS-sHLH
group were lower than in the non-CLS-sHLH group, and
triglycerides in the CLS-sHLH group were higher than
in the non-CLS-sHLH group, suggesting that the signifi-
cantly decreased fibrinogen, albumin, and serum calcium
and elevated triglycerides might indicate the possibility
of CLS. In addition, this study found that albumin and
serum calcium significantly increased in the CLS remis-
sion subgroup after active treatment (including albumin
infusion). Albumin increased, but serum calcium did not,
in the CLS non-remission subgroup, and these patients
still had hypocalcemia. The causes of hypocalcemia in
patients with sepsis may be impaired parathyroid function,
inflammation cascade, hypomagnesemia, hypoalbumine-
mia, and increased procalcitonin. Chernow et al. [21], in
a retrospective study, reported that in adult ICU patients,
the incidence of hypocalcemia was closely related to the
in-hospital mortality rate. Muller et al. [22] also showed
that hypocalcemia affected more than two-thirds of criti-
cally ill patients and patients with sepsis, and hypocal-
cemia was associated with poor prognosis. Severe sHLH
combined with CLS, excessive immune activation, and
hypoalbuminemia result in lower serum calcium, which
may adversely affect the prognosis. Our univariate analysis
showed that fibrinogen level was an adverse prognostic
factor affecting sHLH patients complicated with CLS.
Low fibrinogen is one of the diagnostic criteria for HLH,
and it is caused by factors such as abnormal coagulation
function and impaired liver function. Signoff et al. [23]
proposed that hypofibrinogenemia was associated with
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poor prognosis or SHLH in children with sepsis. When
the hemophagocytic syndrome was complicated with CLS,
the incidence of DIC was higher. Laboratory findings lev-
els of inflammatory markers, including C-reactive protein,
p-dimer, interleukin-6, interleukin-8, and TNF-alpha may
suggesting DIC in patients with low level of fibrinogen.

sHLH patients complicated with CLS had rapid dis-
ease progression and critical condition. Once diagnosed,
these patients need immediate treatment. HLH and CLS
have similar clinical symptoms as many other diseases. In
addition, due to an insufficient understanding of HLH and
CLS, there are many missed diagnoses and misdiagnoses,
delaying treatment, which might be one of the reasons for
its high mortality. Currently, there is no specific treatment
for CLS, and active treatment of primary disease based on
fluid therapy is a key measure [15]. In this study, all CLS
patients received active treatment for the primary diseases.
Colloidal fluid (albumin, plasma, and hydroxyethyl starch)
and crystalloid were properly provided, supplemented by
diuretic and oxygen therapy.

Currently, there are two views on the application of albu-
min for CLS treatment. Wilkes and Navicick [24] found that
albumin infusion not only did not significantly improve the
survival rate of patients but also reduced the survival rate to
some extent. During the leaking period of CLS, albumin can
leak from capillaries and redistribute throughout the body
after infusion, which has a relatively fast effect on colloid
osmotic pressure. Currently, plasma substitutes, including
macromolecules, are advocated for the treatment of CLS,
while fresh-frozen plasma and human serum albumin are
not recommended. Arif et al. [25] proposed that hypopro-
teinemia is a marker of acute respiratory distress syndrome
in patients with severe pulmonary edema. Kawabe et al. [26]
found that increasing the dose and rate of albumin infusion
can play a protective role for patients with decreased serum
total protein level, which can significantly improve their
prognosis. Margarson et al. [27] proposed that hyperon-
cotic albumin infusion could increase interstitial fluid reab-
sorption and reduce capillary leakage. In the present study,
symptoms of all included patients improved after albumin
infusion combined with diuretic therapy. Even patients in the
CLS non-remission subgroup had increased albumin after
treatment, indicating that albumin infusion could effectively
increase plasma colloid osmotic pressure and increase inter-
stitial fluid reabsorption, showing a positive effect on vol-
ume expansion. After active treatment, 35 patients in this
study had good results from their initial sHLH treatment
and improved CLS. The initial treatment of sHLH in twelve
patients failed, and CLS did not improve. Our findings con-
firm that timely and effective treatment of primary diseases
could control disease progression. After the initial effective
treatment of HLH, the symptoms can be completely allevi-
ated and the control cytokine storm controlled, followed by
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improved CLS. If the cytokine storm cannot be effectively
controlled by initial treatment, CLS will not be improved.
Lee et al. [15] found that when patients with sepsis
developed CLS, the incidence of impaired endothelial
cell function, shock, microvascular thrombosis, and organ
failure increased, and thus the mortality rate significantly
increased. Sauaia et al. [28] found that MODS score could
reflect the extent of organ failure and predict mortality
in critically ill patients. The MODS score increased in
sHLH patients complicated with CLS. The occurrence of
CLS may be related to the aggravation of HLH into the
MODS stage. CLS can induce edema and dysfunction in
vital organs and cells, thus aggravating the disease condi-
tions. In the present study, the mortality in the CLS-sHLH
group was higher than that in the non-CLS-sHLH group.
The median survival time of the CLS-sHLH group was
lower than that of the non-CLS-sHLH group, suggesting
that the occurrence of CLS is a factor of poor prognosis in
HLH patients. In addition, the correlation analysis showed
that the longer the disease course of CLS was, the worse
the prognosis was. Therefore, early diagnosis and early
treatment are critical for sHLH patients with CLS.

Conclusions

The incidence of CLS is relatively high in sHLH patients
(18.1%). In sHLH patients, the occurrence of CLS has no
significant correlation with the etiology of sHLH. Fibrino-
gen level may be a prognostic factor for sHLH patients
with CLS (those with fibrinogen <1.3 g/L had a worse
prognosis). sHLH patients combined with CLS had rapid
disease progression and poor prognosis. The median sur-
vival time was significantly lower in sHLH patients com-
plicated with CLS than those without CLS. For patients
with improved CLS, the longer the time required for CLS
to improve, the worse the prognosis.
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