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Abstract 

Objective  Capillary leak syndrome (CLS) is characterized by severe systemic edema without specific treatment, 
resulting in a high mortality rate. This study investigated whether there is organ edema in neonatal CLS patients 
and specific treatment strategies to improve patient prognosis.

Methods  Thirty-seven newborns diagnosed with CLS were included in this study. (1) Routine point-of-care ultra‑
sound (POCUS) was used to identify whether the patients had visceral edema or fluid collection. (2) All patients were 
treated with 3% NaCl intravenously, and the clinical manifestations, laboratory indices and outcomes were compared 
before and after treatment.

Results  (1) Diffuse severe edema was found in 92.0% of the patients. (2) The POCUS examination revealed that CLS 
patients exhibited significant visceral edema in addition to diffuse severe edema, which included pulmonary edema 
in 67.6%, cerebral edema in 37.8%, severe intestinal edema in 24.3%, severe myocardial edema in 8.1%, pericardial 
effusion in 5.4%, pleural effusion in 29.7% and peritoneal effusion in 18.9%. Two patients (5.45%) had only myocardial 
edema without other manifestations. (3) Before and after the intravenous injection of 3% NaCl, there were no sig‑
nificant differences in the serum sodium or potassium levels of CLS patients, while the hemoglobin and hematocrit 
levels were significantly lower after treatment (p < 0.01). Her plasma ALB concentration and arterial pressure returned 
to normal levels after the treatment was completed. (4) All the patients survived, and no side effects or complications 
were observed during or after treatment with 3% NaCl.

Conclusions  (1) In addition to diffuse severe edema, visceral edema and effusion are common and important clinical 
manifestations of neonatal CLS and need to be detected by routine POCUS. (2) The intravenous injection of 3% NaCl 
is a safe, effective and specific treatment strategy for neonatal CLS, with a survival rate of 100% and no adverse effects.
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Introduction
Capillary leak syndrome (CLS) is a rare, potentially 
life-threatening systemic disease caused by increased 
vascular permeability due to cytokine damage to the 
endothelium. This disease causes the intravascular fluid 
and proteins to shift into the interstitial space, with 
subsequent hypovolemic hypotension and shock [1–
3]. Generally, the major clinical characteristics of CLS 
include diffuse severe edema, hypovolemia or hypov-
olemic shock, hypoproteinemia and hemoconcentra-
tion [1–3]. Because decreased urine volume and edema 
are the first and most important clinical manifesta-
tions, CLS is often misdiagnosed as renal failure [2]. 
With the improvement of understanding of the disease, 
an increasing number of CLS patients have been diag-
nosed, and the incidence of CLS has been reported to 
account for 1.62% of hospitalized critically ill neonates 
[4]. Even so, CLS is still diagnosed on the basis of the 
clinical manifestations mentioned above, which can be 
detected by the "naked eye". Because lung ultrasound 
(LUS) is routinely performed in our department and 
has replaced chest X-ray for the diagnosis of neonatal 
lung diseases [5, 6], we found that some infants with 
CLSs have severe pulmonary edema or pleural effusion. 
Therefore, point-of-care ultrasound (POCUS) was rou-
tinely performed to detect whether CLS patients had 
edema or effusion in other organs.

Among the treatment strategies for CLS, intravenous 
infusion of 6% hydroxyethyl starch has long been the 
most common treatment; however, this approach is 
effective only for mild and early-stage CLS and not for 
severe or late-stage CLS. The mortality rate of CLSs has 
remained above 30% and is as high as 50% [4, 7]; there-
fore, it has become important for clinicians to explore 
therapeutic measures that can effectively reduce the 
mortality of CLSs without obvious side effects.

In May 2017, we diagnosed an infant with severe 
CLS whose disease worsened despite treatment with 
6% hydroxyethyl starch. Based on the pathophysiologi-
cal mechanism of the disease, we hypothesized that 
an intravenous hypertonic solution might have some 
effect. Therefore, with the informed consent of the 
parents, the patient was given 3% NaCl intravenously 
followed by furosemide. The patient showed signifi-
cant improvement, with a significant increase in urine 
volume, a gradual decrease in edema, and eventual 
recovery and discharge from the hospital. Therefore, 
we carried out this prospective study to investigate and 
observe the efficacy and side effects or complications of 
3% NaCl combined with furosemide for the treatment 
of neonatal CLS.

Methods
Patients
A total of 37 CLS patients diagnosed between March 
2017 and December 2022 were included in this study. 
CLS was diagnosed according to the following criteria 
[1–4, 7, 8]: (1) definite cause or original etiology: severe 
infection, severe fetal distress or birth asphyxia, respir-
atory distress syndrome (RDS) or meconium aspiration 
syndrome (MAS); and (2) typical clinical manifesta-
tions: diffuse systemic severe edema, hypovolemia or 
hypovolemic shock, hypoproteinemia, hemoconcentra-
tion, a significant reduction in or the absence of urine, 
and significant weight gain within a short period of 
time. The exclusion criteria for patients were diffuse 
systemic edema simply due to heart disease, liver dis-
ease, kidney disease, inherited metabolic disease, or 
congenital malformation.

POCUS examination
All patients underwent ultrasound examinations at any 
time when necessary, including brain, heart, lung, tho-
racic cavity, liver, kidney, and abdomen ultrasound, and 
the results were recorded in detail. A Voluson S10 (GE 
Healthcare, USA) or Philips EPIQ 5 (Philips, Nether-
lands) ultrasound system was used for the examination.

Treatment strategies
Etiological or supportive treatment
Treatment of the primary underlying causes included 
the use of antibiotics if severe infection was present, 
mechanical ventilation if severe dyspnea was present, 
heparin if disseminated intravascular coagulation was 
present, intravenous nutritional support if there was 
feeding difficulty, and supplementation with alkaline 
preparations if severe metabolic acidosis was present.

Intrinsic blood volume expansion treatment
Three percent NaCl was intravenously injected accord-
ing to the following methods or procedures: (1) 3% 
NaCl was intravenously injected at a dosage of 3–5 ml/
kg within 10–20 min; (2) injections were repeated every 
6 for patients with more severe edema or every 8  h 
for patients with relatively mild edema; and (3) as the 
degree of edema decreased, the interval between intra-
venous 3% NaCl administration gradually increased to 
8-h, 12-h, and 24-h intervals and then discontinued. 
The administration interval was extended throughout 
the treatment without reducing the dose administered.
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Intravenous injection of furosemide
Furosemide was intravenously injected into patients 
with severe edema (1.0 mg/kg) or relatively mild edema 
(0.5 mg/kg) 30 min after each injection of 3% NaCl to 
promote excessive fluid excretion through the kidney.

Pleural puncture or peritoneal puncture
Pleural puncture or peritoneal puncture was performed 
for 3 patients with severe pleural effusion or peritoneal 
effusion, among whom 1 infant underwent three succes-
sive peritoneal punctures, with more than 100 mL of per-
itoneal effusion extracted. This procedure removes liquid 
from the pleural and peritoneal cavities.

Main outcome measures
The main outcome measures were as follows: (1) 
changes in serum sodium (Na+,mmol/L), potassium (K+, 
mmol/L), hematocrit (HCT,%), hemoglobin (Hb,g/L) 
and plasma albumin (g/L) levels, as well as blood pres-
sure (mmHg) changes before and after treatment; (2) the 
comparison of urine volume and body weight before and 
after treatment; (3) the cured rate or mortality rate.

Statistical analysis
The Statistical Package for the Social Sciences (SPSS) 
24.0 software was used to statistically analyze the data. A 
normality test was performed before comparing the dif-
ference of the data in each group, the parametric t test 
was used to compare the mean values of the two groups 
for data that were normally distributed, while the Wil-
coxon signed ranks test was used for those were not nor-
mally distributed. The cured discharge or mortality rate is 
expressed as a percentage. A value of p < 0.05 indicated a 
statistically significant difference.

Results
Demographic data and general information
Among the 37 CLS patients, 21 were boys (56.8%) and 
16 were girls (43.2%). Twenty (54.1%) of the patients 
were delivered by cesarean section, and 17 (45.9%) were 

delivered vaginally. There were 25 premature infants 
(67.6%) and 12 full-term infants (32.4%). The average 
gestational age was 33.7 ± 2.6  weeks (range from 27+5 
to 40 weeks). The average birth weight was 2280 ± 740 g 
(range from 900 to 3580 g).

Etiologies and clinical manifestations
Etiologies
The causes of CLS included severe infection, sepsis or 
disseminated intravascular coagulation (DIC) in 17 
patients (45.9%), RDS or MAS in 10 patients (32.4%), 
and severe fetal distress and birth asphyxia in 8 patients 
(21.6%).

Diffuse severe edema
The main and first clinical manifestation was diffuse 
severe edema, which was found in 34 of the patients 
(92.0%), suggesting that not all CLS patients presented 
with severe systemic edema.

Ultrasound findings
By the routine examination of point-of care ultrasound 
(POCUS), we found pulmonary edema in 25 patients 
(67.6%), cerebral edema in 14 patients (37.8%), severe 
intestinal edema in 9 patients (24.3%), severe myocardial 
edema in 3 patients (8.1%),pleural effusion in 11 patients 
(29.7%), peritoneal effusion in 7 patients (18.9%) and 
pericardial effusion in 3 patients (8.1%). Two patients 
(5.4%) did not have diffuse edema but presented with 
severe myocardial edema. One patient (2.7%) did not 
have diffuse edema but presented with severe cerebral 
edema, pulmonary edema and pleural effusion. Severe 
liver edema occurred in 1 patient (2.7%), and the liver 
was markedly swollen and enlarged, protruding into the 
pelvic cavity, with a hard texture and peritoneal effusion. 
The ultrasound diagnostic criteria for visceral edema are 
list in Table 1.

Hypoproteinaemia, hypovolemia or hypovolemic 
shock, and hemoconcentration were observed in all of 
the patients.

Table 1  Ultrasound diagnostic criteria for visceral edema

Organ edema Diagnostic criteria

Pulmonary [9, 10] Significantly increased B-lines, confluent B-lines, compact B-lines or white lung

Cerebral [11–13] (1) Diffuse or focal brain parenchymal increased echogenicity. (2) Lateral 
ventricle narrowed, disappeared or slit-shaped. (3) Effacement of the cerebral 
sulci. (4) The pulsation of cerebral arteries decreased or disappeared

Intestinal [14] (1) Intestinal wall was significantly thickened. (2) Except for other causes

Myocardial [15] (1) The thickness of myocardium significant increased. (2) The echo of myocar‑
dium decreased. (3) The diameter of heart chamber significantly decreased. (4) 
Except for other causes
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There were significant reductions in urine volume and 
weight gain in 34 (92.0%) of the patients.

Treatment effects and outcomes
Effects of 3% NaCl treatment on the arterial pressure of CLS 
patients
The systolic blood pressure (SBP, mmHg), diastolic blood 
pressure (DBP, mmHg) and mean arterial blood pressure 
(MBP, mmHg) were restored to normal values in all CLS 
patients after treatment with 3% NaCl (Table 2).

Effects of 3% NaCl treatment on serum sodium, serum 
potassium, hemoglobin, hematocrit, and plasma albumin 
levels, urine volume and body weight in CLS patients
After 3% NaCl treatment, the body weight decreased sig-
nificantly along with a significant increase in urine vol-
ume, the plasma albumin level increased significantly and 
returned to normal, the hemoglobin concentration and 
hematocrit level decreased significantly, and there was no 
significant change in serum sodium and potassium levels 
before and after treatment, no infants developed hyper-
natremia after 3% NaCl treatment (Table 3).

Outcomes
All 37 CLS patients were clinically cured at discharge; 
thus, the survival rate was 100%, that is, the fatality rate 
was 0%.

Discussion
According to the results of the present study, the major 
clinical characteristics of neonatal CLSs are as follows: 
(1) the most common causes are severe infection and 
sepsis, as well as RDS, and the least common causes are 
severe asphyxia and MAS. (2) The most common clini-
cal manifestations are diffuse severe edema, decreased 
urine volume, rapid weight gain, hypovolemia or hypo-
volemic shock, hypoalbuminemia and hemoconcentra-
tion [1, 2, 16]. Therefore, CLS is often misdiagnosed as 
hypovolemic shock, septic shock, polycythemia vera, or 
angioedema [17, 18]. (3) POCUS reveals internal organ 
edema or effusion, including cerebral edema, pulmonary 
edema, myocardial edema, intestinal edema and pleural 
or abdominal fluid accumulation or pericardial effusion, 
as common manifestations of CLS, even in the small 
number of infants with only organ edema as their main 
manifestation. Although brain damage and lung damage 
have been described in CLS patients [19, 20], this study 
is the first to identify severe heart damage, liver dam-
age, and intestinal damage in CLS patients by ultrasound 
examination. Without ultrasound, these manifestations 
are difficult to detect and may result in improper man-
agement and a poor prognosis. Therefore, routine ultra-
sound examination is highly valuable for patients with 
suspected or high-risk factors.

The pathogenesis of CLS has not been completely 
elucidated [21–24]. It is generally believed that capil-
lary endothelial damage and increased permeability of 
endothelial cells are caused by various factors, resulting 
in leakage of water and albumin from the plasma into the 
tissue space [21–24]. During the early phase, only small 
molecular weight substances extravasate into the tis-
sues, and the fluid and electrolytes then enter the tissue 
space. As the disease progresses, relatively large molecu-
lar weight substances such as albumin can also leak out; 
thus, the tissue colloidal osmotic pressure increases, and 
the fluid extravasates into the tissue space. Consequently, 
severe diffuse edema and a decrease in the effective cir-
culating blood volume occur, resulting in hypotension 
and injury to systemic tissues and organs [25].

Table 2  Influence of 3% NaCl treatment on blood pressure 
(mmHg, x̄ ± s)

1 mmHg = 0.133 kPa

SBP: non-normal distribution, Wilcoxon signed ranks test

SBP DBP MBP

Before treatment 53.1 ± 5.47 25.5 ± 4.45 39.3 ± 4.44

After treatment 64.1 ± 5.84 37.0 ± 5.56 50.6 ± 5.20

t/z-value 5.145 9.511 9.743

p-value 0.000 0.000 0.000

Table 3  Effects of 3% NaCl treatment on serum sodium, serum potassium, hemoglobin, hematocrit, and plasma albumin levels, urine 
volume and body weight in CLS patients (x̄ ± s)

ALB: albumin; HCT: hematocrit; Hb: hemoglobin; UV: urine volume; Wt: weight

ALB, HCT and Hb: non-normal distribution, Wilcoxon signed ranks test

Na+ (mmol/L) K +  (mmol/L) ALB (g/L) HCT (%) Hb (g/L) UV [mL/(kg·h)] Wt (g)

Before 137.7 ± 3.00 4.25 ± 0.49 22.7 ± 3.68 38.5 ± 5.17 137.0 ± 19.4 2.61 ± 0.9 2591 ± 687

After 138.2 ± 2.64 4.22 ± 0.53 30.2 ± 5.80 33.6 ± 4.72 118.5 ± 15.3 5.68 ± 1.0 2370 ± 657

t/z-value 0.803 1.310 4.603 4.775 4.719 13.847 7.365

p value 0.425 0.182 0.000 0.000 0.000 0.000 0.000
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Therefore, effectively increasing blood volume and 
maintaining a normal systemic blood supply and blood 
pressure are critical for successful treatment of this con-
dition. During the early stages, 0.9% NaCl is generally 
not the first choice due to the increased capillary perme-
ability [1, 8, 16]. Artificial colloids, such as hydroxyethyl 
starch, have a high molecular weight and an electrolyte 
composition similar to that of plasma. They can not only 
maintain colloidal osmotic pressure but also supple-
ment extracellular electrolyte and alkali reserves, main-
tain effective renal perfusion, reduce the risk of oliguria 
or anuria, reduce the release of inflammatory mediators, 
decrease inflammatory reactions and reduce endothe-
lial injury. In addition, they can plug capillaries with 
increased permeability, reduce plasma viscosity and 
improve tissue oxygen supply. Therefore, they are com-
monly used for volume expansion during CLS leakage 
stages [1, 8, 16, 26]. However, the literature and related 
experience have shown that this treatment is effective 
only for infants with mild conditions in the early phases, 
and more severe patients still have a mortality rate of 
more than 30% [4, 7]. Therefore, new treatment meth-
ods should be introduced to improve the cure rate and 
prognosis of infants with CLS and shorten the treatment 
period.

In the present study, we used 3% NaCl to treat neona-
tal CLS patients and obtained good results and excellent 
outcomes. All of the patients were cured and discharged, 
with a survival rate of 100% and a mortality rate of 0%, 
and there were no electrolyte disorders, such as hyper-
natremia or hypokalemia. With increasing urine volume, 
the body weight decreased gradually, the plasma ALB 
concentration and arterial pressure returned to normal 
levels, and the Hb and hematocrit levels improved.

The mechanism of the combination of 3% NaCl and 
furosemide in the treatment of CLS has not been well 
documented. However, according to our knowledge and 
clinical experience, the following factors may be involved. 
During the leakage stage of CLS, the infusion of 3% NaCl 
increased plasma osmolality by more than threefold in 
a short period. The effective ion concentration gradient 
produced by 3% NaCl reabsorbs the liquid that leaks into 
the tissue space from the blood circulation by the hyper-
osmotic effect, expanding the blood volume and stabi-
lizing the arterial pressure without increasing the total 
amount of liquid within the body. This approach*** to 
increasing blood volume is referred to as "intrinsic blood 
volume expansion" in this study. With the application of 
3% NaCl, the interstitial fluid can return to the blood ves-
sels to maintain an effective circulating blood volume. 
As the blood volume is restored, the hemoconcentra-
tion caused by volume reduction is restored to its proper 
state. Intravenous furosemide was given to patients 

after the above effects were achieved; this agent quickly 
drained the excess fluid in the blood vessels out of the 
body, not only reducing edema but also preventing aggra-
vation of the heart load due to a significant increase in 
blood volume. Moreover, with the introduction of hyper-
tonic sodium chloride into the circulation, the crystalloid 
osmolality of plasma increases while the colloid osmolal-
ity is relatively low, and the colloid osmolality gradient 
between blood and tissue fluid also changes. To maintain 
the osmotic equilibrium of the new colloid, the albumin 
that had leaked into the interstitial space returned to the 
plasma, after which the plasma ALB concentration was 
subsequently normalized.

Diffuse severe edema is often the first clinical manifes-
tation to be observed by clinicians, but according to our 
clinical experience, decreased blood pressure or hypo-
tension often precedes edema. When CLS is still in the 
early stage and other symptoms are not obvious, clini-
cians often use 0.9% NaCl infusion or even combination 
NaCl with vasoactive agents such as dopamine. However, 
this inappropriate treatment not only has difficulty cor-
recting hypotension but also may aggravate circulatory 
disorders and even worsen the patient’s condition. Like-
wise, albumin supplements should not be given to CLS 
patients. Although intravenous injection of 25% albu-
min is still widely recommended [1, 3], both our clinical 
experience and the literature suggest that it quickly leaks 
into the interstitial space and further exacerbates edema 
in patients [27]. After recovery, the infant’s plasma ALB 
concentration can naturally return to normal levels.

Some limitations of this treatment approach were also 
identified. First, the optimal dosage and duration of treat-
ment are not well established and may vary depending 
on the severity of the disease and individual patient fac-
tors. Second, the long-term outcomes of this treatment 
are unknown and require further investigation. Finally, 
the study was limited by its small sample size and lack 
of a control group. However, due to the high efficacy and 
safety of this treatment regimen, these limitations do not 
affect its use in clinical practice.

Conclusions
In conclusion, the results of this study indicate the fol-
lowing: (1) Visceral edema and effusion are common 
and important clinical manifestations of neonatal CLS. 
Therefore, CLS patients or those with high risk factors 
for CLS should be routinely monitored via point-of-
care ultrasound. (2) The adjuvant treatment of neonatal 
CLSs with 3% NaCl is a very effective treatment strategy 
without side effects or complications, even though the 
optimal dosage and duration of treatment are not well 
established; further research is needed to confirm the 
long-term outcomes of this treatment approach.
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