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ABSTRACT
Nephrotic syndrome is a rare condition with an incidence of 2-7 cases/100.000 children per year and
three new cases/100.000 adults per year. It occurs as a result of severe alteration of the glomerular filtration
barrier of various causes, allowing proteins, mostly albumin, to be lost in the urine. Nephrotic syndrome
complications are driven by the magnitude of either proteinuria or hypoalbuminemia, or both. Their frequency
and severity vary with proteinuria and serum albumin level. Besides albumin, many other proteins are lost
in urine. Therefore, nephrotic patients could have low levels of binding proteins for ions, vitamins, hormones,
lipoproteins, coagulation factors. The liver tries to counterbalance these losses and will increase the unselective
synthesis of all types of proteins. All of these changes will have different clinical consequences. The present
paper aims to discuss the pathophysiological mechanism and new therapeutic recommendations for nephrotic
syndrome edema and thromboembolic complications.
Keywords: nephrotic syndrome, nephrotic edema, diuretics, thromboembolic complications,
anticoagulant therapy.
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INTRODUCTION

he nephrotic syndrome (NS) is the result of a severe alteration in the glomerular filtration barrier of different
causes, allowing large quantities of
proteins to be lost in urine. It is defined
by proteinuria over 3.5 g per day in adults or
40 mg/m2 per hour in children, in association
with a low serum albumin (< 3.5 g/dL). Both
criteria are mandatory for diagnosis (1). Howe
ver, sometimes, hypoalbuminemia does not occur simultaneously with proteinuria, hence serum albumin and proteinuria should be

considered in dynamic to establish the diagnosis.
Proteinuria over 3.5 g per day without hypoalbuminemia is defined as nephrotic-range proteinuria and it is rather the result of glomerular
hyperfiltration related to obesity, reduction in
nephron mass, or other glomerular lesions. The
two conditions are not synonymous, having different etiologies, treatment and prognosis.
The other manifestations seen in nephrotic
patients – e.g., edema, hyperlipidemia,
infections, acute kidney injury – are frequent but
inconstant. Therefore, they are not essential for
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diagnosis. However, the most common clinical
presentation of nephrotic patients is edema,
which should be differentiated from generalized
edema of two other conditions frequently seen
in common practice, heart failure and liver
cirrhosis. Two clinical clues facilitate the
differentiation. As patients with heart failure or
cirrhosis are uncomfortable lying flat, they do not
develop facial edema, and their urine is not
foamy (1).
Thus, the diagnosis of NS is based on laboratory data. Nephrotic syndrome should be suspected when a dipstick test gives an intense
positive reaction for protein. Accordingly, urine
should be tested with a dipstick in every edematous patient. The 24-hour urine collection is the
gold-standard method to quantify proteinuria.
However, the collection of a 24-hour urine sample being time-consuming and inconvenient, it is
frequently inaccurate. Protein-creatinine ratio in
spot urine is easier to obtain, but has a greater
variability, so it should be rather used for monitoring or screening than for NS diagnosis (1, 2).
As mentioned, a low serum albumin is also
required for diagnosis, and should be measured
in patients with heavy proteinuria.
Patients diagnosed with NS should be referred to a nephrologist, as only in few cases –
non-hematuric diabetic patients, pediatric patients – a kidney biopsy is not recommended for
diagnostic and specific therapy of the underlying
condition.
The cause of NS is a severe alteration of the
glomerular filtration barrier, allowing large quantities of protein, mostly albumin, to freely pass in
urine. Various glomerular lesions are associated
with NS. Their type varies with age, sex and ethnicity. Given the high prevalence of diabetes
mellitus, diabetic nephropathy is the commo
nest, followed by minimal change disease in children, focal and segmental glomerulosclerosis in
adults with African ancestry and membranous
glomerulopathy in Caucasian adults. In young
females, systemic lupus erythematosus should be
suspected and in patients over 65 years, solid
cancers, lymphomas or clonal B cell proliferations are seen with increasing frequency. As
many of these conditions could benefit from the
use of a specific therapy, a histopathologic dia
gnosis is necessary.
Currently, genetic abnormalities of some components of the glomerular filtration barrier are
154
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identified. Consequently, genetic testing is regar
ded as a new tool for diagnosis but it is costly and
available in a limited number of centers.
Although NS is a rare condition, with an incidence of 2-7 cases/100.000 children per year
and three new cases/100.000 adults per year, in
many cases it needs specific therapy; also, its
complications are frequent and should be acknowledged and properly treated.
Nephrotic syndrome complications are dri
ven by the magnitude of either proteinuria, hypoalbuminemia or both, and their frequency
and severity increase when proteinuria is higher
than 8 g/day serum or when albumin decreases
under 2 g/dL. Although proteinuria is the initia
ting event, the relationship between serum albumin level and proteinuria is inconstant, as part of
patients do not develop hypoalbuminemia despite massive proteinuria. Thus, the precise
mechanism of hypoalbuminemia is still debated.
Hepatic synthesis seems not surpassed by albuminuria, in absence of inflammation. As inflammation is frequent in NS, this could be an explanation. Other possible explanations are the high
catabolic rate of filtered albumin, reabsorbed by
the proximal tubules, gastrointestinal losses or
capillary hyperpermeability but none of these
has been proved so far (3, 4).
Besides albumin, many proteins are lost in
urine because of the altered filtration barrier.
Therefore, nephrotic patients could have low
levels of many binding proteins for ions (iron,
copper, zinc), vitamins (vitamin D), hormones
(steroid or thyroid hormones). Also, lipoproteins,
coagulation factors or different drugs (like coumarin anticoagulant or diuretics) are lost in urine
with different clinical consequences. The liver is
stimulated to counterbalance the losses and the
unselective synthesis of all types of proteins will
increase, also with clinical consequences (5).
Therefore, the manifestations of NS are
thought to be generated by a combination of increased urinary losses and higher hepatic synthesis (5).
Nephrotic edema
Edema is the commonest clinical expression of
NS. Its onset varies from gradual (for example, in
focal and segmental glomerulosclerosis or membranous nephropathy) to sudden, often “overnight”, like in minimal change disease. The clinical expression ranges from simple weight gain to
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soft, fluffy white declive edemas, or rarely deve
lopment of serous effusions, even anasarca.
However, one third of patients with NS do not
have edema.
Mechanisms of nephrotic edema formation
The mechanism of edema formation in NS is still
incompletely understood. Edema formation involves a combination of hypoalbuminemia, renal salt retention and increased permeability for
water of the peripheral capillaries. Over time,
two theories have been proposed: secondary renal sodium retention (the “underfill” hypothesis)
and primary renal sodium retention (the “overfill” hypothesis) (Figure 1).
Underfill hypothesis
The underfill hypothesis considers that the main
pathogenetic factor is a hypoalbuminemia-induced decrease in plasma oncotic pressure. As
the serum albumin level falls with a consequent
drop in intravascular oncotic pressure, the intravascular–interstitial albumin gradient of concen-

tration decreases, which allows the extravasation
of intravascular water to the interstitium. Hypovolemia decreases blood pressure and induces
orthostatic hypotension.
The low intravascular volume activates the
systems of volume control (renin-angiotensin-aldosterone, non-osmotic vasopressin enhanced
secretion, decrease in natriuretic peptides),
which stimulates sodium and water retention.
Thus, edema is formed due to the coupled action of the leak of water in the interstitium and
the secondary renal water and sodium retention.
Finally, blood volume is restored, blood pressure
normalizes and coexists with edema.
However, albumin concentration was also
proved to decrease in the interstitium, which
mitigates the oncotic gradient and limits the intravascular–interstitial water shift. Moreover,
clinically, only a third of analbuminemic patients
have edema and signs of a low intravascular vo
lume are frequently missing in nephrotic patients. Therefore, the underfill hypothesis seems
to work only in certain nephrotic edema.

FIGURE 1. Underfill and overfill hypothesis of nephrotic edema. ANP=atrial natriuretic
peptide; AVP=arginine vasopressin; BP=blood pressure; ENaC=epithelial natrium channel;
NE=norepinephrine
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Overfill hypothesis
The overfill hypothesis is based on experimental
evidence. In a rat model of unilateral nephrotic
kidney, only the nephrotic kidney avidly retained
sodium, suggesting that, in NS, sodium retention
is primary, not secondary renal. Thereafter, the
hyperactivity of amiloride sensitive epithelial sodium channel (ENaC), located in the distal convoluted tubule, was identified as responsible of
the increased sodium reabsorption.
Filtered along with other proteins, serin-proteases can open ENaC by cleaving its extracellular loops subunits α and ϒ, thus increasing sodium reabsorption. For instance, under the action
of urokinase, filtered plasminogen is converted
to plasmin, which opens ENaC by cleaving its extracellular loops. Activation of ENaC by filtered
proteases was proved even in patients with nonnephrotic proteinuria (6, 7).
In contrast to other proteases, PCSK9, a
member of the proprotein convertase family,
which modulates LDL receptor expression, also
regulates ENaC expression by increasing its de
gradation in proteasome, thus limiting sodium
reabsorption. However, in animal models,
PCSK9 showed a neutral effect on blood pressure. The precise role of PCSK9 remains to be
studied, as kidney is a major source of plasma
PCSK9 in nephrotic syndrome (8-12).
Renal reabsorption of sodium and water, resulting from uncontrolled ENaC activation, increases blood volume and transcapillary hydraulic
pressure, shifting water from capillaries to the interstitium. Thus, primary renal increased reabsorption of sodium seems to be the first step in
extracellular volume expansion in some patients,
and in conjunction with hypoalbuminemia, to
participate in formation of nephrotic edema. This
is therapeutically important, because ENaC is selectively inhibited by amiloride. Moreover, emerging clinical data suggest that amiloride can be a
more targeted therapy in the overfill nephrotic
edema (12, 13). Thereafter, at equilibrium, water
shift in the interstitium and suppression of volume
control systems – renin-angiotensin-aldosterone,
AVP and natriuretic peptides – restores blood
volume and normalizes blood pressure.
The variability of clinical presentation of nephrotic edema seems related to these two pathogenic mechanisms. Low blood pressure, severe
hypoalbuminemia (<1 g/dL) and low glomerular
filtration rate, more frequently seen in minimal
156
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change disease, are associated with the underfill
mechanism, while primary sodium retention is
associated with high blood pressure, less severe
hypoalbuminemia (2.5-2 g/dL) and almost normal GFR. These clinical clues are useful to personalize therapy of nephrotic edema (Table 1).
To note, the pathogenetic mechanism of edema
can change over time in the same patient.
Capillary hyperpermeability
Capillary permeability for proteins and the hydraulic permeability for water is increased
two-fold in NS and changes in capillary basement
membrane thickness and composition were reported (15, 16). However, the mechanism of
these changes is still not known. A permeability
factor, probable a byproduct of the originary immunopathogenic mechanism of underlying glomerulopathy, was proposed but never proved.
Accordingly, the magnitude of hyperpermeability
may vary depending on the underlying glomerulopathy and can be influenced by immunosuppression. Recently, a putative target for the hyperpermeability factor – cytokine receptor-like factor
1 – was suggested (17).
A study investigating the mechanism of ascites formation in rats with puromycin induced NS
found an increase in peritoneum water filtration
coefficient on paracellular and transcellular pathways and a decrease in the reflection coefficient
of proteins. These changes were related to an
oxidative stress-associated overexpression of
NF-B and aquaporins, and were prevented by
reactive oxygen species scavenging and inhibition of NF-B (18). It is not known whether similar
abnormalities exist in other territories but this
observation underlines the complexity of nephrotic edema formation.
TABLE 1. Factors which help to differentiate overfill from
underfill nephrotic edema [adapted from (14)]
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Nevertheless, capillary hyperpermeability
could contribute to edema formation in both underfill and overfill hypothesis (Figure 1).
Therapy of nephrotic edema
Nephrotic edema should be looked like a consequence of the glomerular lesion. Accordingly, its
final therapy should be addressed to underlying
glomerulopathy. However, to increase patients’
comfort or prevent organ dysfunction by severe
serous effusions, pathophysiologically-oriented
edema-treatments are needed. Thus, therapy of
edema should be considered as a symptomatic
therapy.
As edema formation implies sodium (and water) retention, the only purpose of the nephrotic
edema therapy is to obtain a negative sodium
balance by dietary sodium restriction and diure
tic therapy.
Dietary salt restriction
Salt restriction is the first line of nephrotic edema
therapy, which can improve minor edema without diuretics.
Sodium intake should be reduced under
90 mmol/day (the equivalent of 2 g of salt) but
adherence to a low-salt diet is problematic and
incompliance to diet is a common cause of resistance to diuretic therapy. Thereby, dietary
counselling should be offered to help institute a
low-sodium diet (19).
Diuretics
Diuretic therapy is added to negativize sodium
balance. Loop diuretics (such as furosemide) are
the first line of therapy and are indicated in mo
derate to severe edema.
Furosemide
Free furosemide in urine blocks the Na/K/2Cl
(bumetanide-sensitive) channel, located at the
apical (endolumenal) pole of nephrocytes in the
thick ascending loop of Henle, and inhibits sodium and water resorption (Figure 2). As furosemide is transported in blood highly bound to albumin, it is not filtered by the glomerulus and
can reach its site of action only after being secreted in the glomerular filtrate by the proximal
tubule cells. In nephrotic patients, serum albumin is low, and less bound furosemide is avai
lable to proximal tubule cells for transport in free
form to urine. At the same time, albuminuria is

FIGURE 2. Sodium reabsorption along the nephron (percent)
and diuretic site of action. ENaC: amiloride-sensitive
epithelial sodium channel; Na/K/2Cl: bumetanide-sensitive
sodium-potassium-chloride channel;
NCC: thiazide-sensitive Na/Cl cotransporter

high and bounds free furosemide in glomerular
filtrate, reducing with 50-60% its concentration
at the site of action and limiting the diuretic effect. That is why higher initial furosemide doses
(80-120 mg) are needed in nephrotic patients.
On the other hand, after administration of an
albumin infusion, most of infused albumin will
be lost in urine along with furosemide, dimini
shing its diuretic action. Accordingly, simulta
neous furosemide and albumin infusions should
be avoided (20).
Absorption of furosemide from the digestive
tract is erratic, so its bioavailability on oral route
is under 50%, further reduced by intestinal edema. For this reason, parenteral administration is
preferred in severe nephrotic patients. Major
part of furosemide is excreted unchanged in
urine (Table 2).
Duration of diuretic action of furosemide is
about seven hours. Correspondingly, the daily
dose should be fractioned in two or three portions. Moreover, the risk of ototoxicity is higher
in bolus administration of large doses. Thus, administration in perfusion is recommended when
high doses are prescribed.
The natriuretic effect of furosemide is proportional with the excess of extracellular volume. In
chronic administration, the natriuretic effect diminishes as the extracellular volume contracts,
and sodium excretion equals sodium intake
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TABLE 2. Clinical pharmacology of diuretics usually used in nephrotic edema

(‘’braking’’ phenomenon). This is due to remo
deling – hypertrophy and hyperplasia – of ne
phrocytes in the distal nephron in response to
excessive sodium load, angiotensin II and aldo
sterone stimulation and to changes in potassium
balance (21). The “braking” of furosemide natriuretic effect could be a problem when the extracellular volume persists in spite of escalation in
furosemide doses, a frequent situation in NS. Association of diuretics inhibiting sodium absorption in the distal nephron, i.e., thiazides, can
promote natriuresis, thus overcoming the
“braking” phenomenon.
Since furosemide firstly reduces the intravascular water and hypoalbuminemia impedes ra
pid water transfer from the interstitium to blood
vessels, abrupt decongestion may cause hypovolemia and produce even acute renal injury in
some cases. Also, NS-associated thrombotic risk
could be augmented by diuretic-induced hypovolemia, and anticoagulant treatment should be
considered. Moreover, not only salt and water
are excreted while on furosemide therapy, but
also potassium, calcium and magnesium. Thus,
edema should be reversed slowly aiming a less
than 2 kg/day reduction in weight, and therapy
in alternate days is recommended. To avoid diuretic-associated adverse events, clinical (blood
pressure, weight, diuresis) and laboratory (serum
158
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creatinine, urea and electrolytes) parameters
should be monitored (19, 22, 23).
Thiazides (hydrochlorothiazide) and thiazide-like (metolazone, chlorothiazide, indapa
mide) diuretics decrease sodium reabsorption in
the distal convoluted tubule by inhibiting the
thiazide-sensitive Na/Cl cotransporter (NCC)
(Figure 2). Like furosemide, they act at the endolumenal pole of nephrocytes and must be secre
ted by active transport in urine by proximal tubule cells. They are well absorbed orally, widely
distributed and subjected to a variable degree of
hepatic metabolism. The diuretic effect starts
2-4 hours after administration. In opposition to
hydrochlorothiazide, thiazide-like diuretics, of
which only indapamide is available in Romania,
have a longer diuretic effect (24 hours in
slow-release formulations) (Table 2) (19).
Hypokalemia, hyponatremia, hypomagnesemia, hyperuricemia and, eventually, hypercalcemia or hypochloremic alkalosis were associated
with thiazide therapy. Notably, thiazides and
thiazide-like diuretics adversely affect blood li
pids and increase the risk of diabetes mellitus. All
these adverse effects are dose dependent (24).
Because of the sulphone amide moiety, thiazides
and furosemide could produce various allergic
reactions, and some may be severe (vasculitis,
Stevens-Jones syndrome).
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Thiazides are largely used in the treatment of
hypertension but are not recommended as first
line therapy in NS because they increase the natriuresis with less than 5%. However, thiazides
are useful in case of resistance to loop diuretic,
because they promote natriuresis distally from
furosemide site of action, thus opposing to bra
king phenomenon. Although their diuretic action declines with eGFR and are not effective
when eGFR is lower than 30 mL/min when used
in monotherapy, in association with furosemide,
thiazides in larger doses (hydrochlorothiazide
50-100 mg/day fractioned in two doses or indapamide 2-5 mg/day) still increase diuresis even
at eGFR <30 mL/min.
Mineralocorticoid receptor antagonists
(MRAs) – non-selective (spironolactone), selective (eplerenone) – are potassium-sparing diure
tics which competitively inhibit mineralocorticoids receptors in the distal convoluted tubule,
promoting sodium and water excretion and potassium reabsorption (Figure 2). Unlike furosemide and thiazides, MRAs reach the distal tubule
nephrocytes through blood, not through urine,
and therefore do not need to be secreted in
urine. They are well absorbed (absorption is enhanced when taken with food), extensively metabolized in the liver and excreted as metabolites, some active (canrenone) in case of
spironolactone, in urine. For this reason, MRAs
are not recommended when eGFR is lower than
30 mL/min. The diuretic action of spironolactone starts few days after administration, while
that of eplerenone only 6-8 hours, and it lasts
2-3 days and 24 hours, respectively (Table 2).
Aldosterone has not only mineralocorticoid
but also proinflammatory and profibrotic actions. Mineralocorticoid receptor antagonists antagonize all these actions not only in the kidney
but also in the heart, blood vessels and brain.
Thus, they are indicated in treatment of hypertension, heart failure, myocardial infarction and
edema of liver cirrhosis. In NS, MRAs were less
tested, with good results in diabetic kidney di
sease (reduction of proteinuria by 31%) but with
contradictory results in small studies in NS of
other causes (25, 26). Accordingly, MRAs could
be useful in association with furosemide in resistant NS. However, their dose should be higher
(spironolactone 200 mg/day) than indicated for
hypertension or heart failure. Moreover, MRAs

could reduce proteinuria and prevent kidney interstitial fibrosis.
The main MRAs adverse effect is hyperkalemia, which is more frequent in patients with decreased renal function. Because some of their
metabolites are similar to progesterone, spironolactone, but not eplerenone, has progestogenic
and antiandrogenic effects.
To avoid these adverse effects, new non-steroid selective MRAs were developed. Finerenone had more potent anti-inflammatory and
antifibrotic effects than steroidal MRAs. In a controlled study in patients with diabetic kidney disease, many with albuminuria >300 mg/day, finerenone not only reduced albuminuria by 30%
but also improved both kidney composite endpoint (a more than 40% reduction in eGFR or
death of renal causes) and cardiovascular composite end-point (death from cardiovascular
causes, non-fatal myocardial infarction, non-fatal
stroke, or hospitalization for heart failure) by
18% and 14%, respectively. However, hyperkalemia was two-fold higher than in the placebo
group (15.5 vs. 7.7%) (27). To date, there are no
study investigating finerenone in NS. Another
non-steroid selective MRA, AZT9977, has also
showed natriuretic effects, and could be useful
in future in nephrotic edema (28).
Aldosterone effects mediated by its receptors
were recently described as “genomic”, in contrast to the “non-genomic”, no receptor-media
ted, effects, i.e., fibrosis and inflammation. Mi
neralocorticoid receptor antagonists block
aldosterone receptors but increase the adrenal
secretion of aldosterone, potentially enhancing
the “non-genomic” effects. To overcome the exa
cerbation of the “non-genomic effects”, inhibitors of aldosterone synthetase were developed
and are now tested in preclinical studies (29).
Potassium binders, patiromer and sodium zirconium cyclosilicate, tested for prevention of
RAASi-induced hyperkalemia, could be also a
solution for MRAS-related hyperkalemia (30, 31).
Amiloride is a potassium-sparing diuretic
which increases natriuresis by selectively blo
cking ENaC in the distal connecting tubule (Fi
gure 2). After oral administration, it has a bioavailability of 50% (reduced to 30% when taken
with food), it is distributed in a large volume, not
being protein-bound, and is excreted unchanged, 50% in urine and 40% in feces. The
natriuretic effect starts two hours after admini
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stration, it is maximal after 6-10 hours and persists for 24 hours (Table 2) (32).
Because in normal conditions only 5% of filtered sodium is available for reabsorption in the
distal nephron, amiloride has a lower natriuretic
effect than loop diuretics, and it is recommen
ded in hypertension in association with other diuretics, usually thiazides. However, as ENaC is
upregulated by aldosterone, blocking ENaC is
also useful in the case of primary or secondary
hyperaldosteronism. In patients with nephrotic
edema, amiloride could be useful in two situations: firstly, in overfill patients, where ENaC activation seems to be the primary mechanism of
increased distal sodium reabsorption and
amiloride inhibits urokinase, and urokinase ge
nerates plasmin from filtered plasminogen,
which opens ENaC, but there are few clinical
data (12, 13); and secondly, in association with
loop diuretics, to overcome the aldosterone-induced hipokalemia and diuretic resistance (vedi
infra). However, the amiloride–furosemide association was not properly investigated (14).
The distal tubule reabsorption of cations –
K+, H+, Ca2+ and Mg2+ – depends on the
lumen-negative transepithelial voltage created
by ENaC-mediated resorption of sodium. Accordingly, hiperkalemia is the main adverse effect of amiloride; it is more frequent in the case
of low kidney function and when associated with
MRAS, renin-angiotensin system inhibitors
(RASIs) or non-steroidal anti-inflammatory drugs
(NSADs). Hyperkalemic acidosis is also possible
(32). Acute kidney injury is also a possibility, as
described by Hinrich et al, who have reported
that the rapid amiloride-induced depletion of
extracellular water resulted in dangerous hyperkalemia and acute kidney injury, imposing reduction of amiloride doses (12).
Vaptans are “aquaretics” used to treat dilutional hyponatremia associated with diuretic use
in heart failure and liver cirrhosis. Vaptans act by
selectively antagonizing vasopressin V2 receptors in the collecting tubules, resulting in reduced
expression of aquaporin-2 and increased excretions of free water. Tolvaptan (15, increased to
30 mg/day) was given to three patients with diuretic-resistant nephrotic edema (two membranous nephropathy, one minimal change disease)
in conjunction with furosemide. Two patients
responded with an increase in diuresis and, surprisingly, sodium urinary levels also increased
160
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but sodium plasma levels were stable. In the
not-responding patient, aquaporin-2 expression
in the collecting group and its urinary excretion
were lower, in contrast to responders. However,
as diuresis increased after corticotherapy, the authors suggested that aquaporine-2 expression
was restored by immunosuppressive treatment
(33). On the other hand, they speculated that
tolvaptan also inhibited the AVP-induced overexpression of ENaC, which explained the higher
sodium excretion and had stabilized plasma sodium level (34).
Although preliminary, the reports suggest a
role of vaptans in the therapy of resistant NS.
Synthetic analogs of human natriuretic atrial hormone (ANP) increase natriuresis and were
tested in edema of heart failure and in acute kidney injury. Carperitide in association with furosemide reduced more weight and increased less
serum creatinine when compared to furosemide
alone in a controlled study in diabetic patients
with nephrotic edema. However, ANP inhibits
RAS, lowers blood pressure and induces renal
vasodilation. Accordingly, in hypovolemic nephrotic patients, it could precipitate acute kidney injury (35).
Management of nephrotic edema
As there are no guidelines for therapy of nephrotic edema, the management is guided by
the severity of edema, volemic status and therapeutic response. In every situation, therapy of
the underlying glomerulopathy should be considered because it is the only way to attenuate
proteinuria. Moreover, in some situations, e.g.,
minimal change disease, immunosuppressive
therapy could reduce proteinuria and solve edema in a short time (97-14 days), mitigating the
need of diuretics.
Minor edema (small pedal edema and puffy
eyes, weight gain around 5 kg) could benefit
from salt restriction and, eventually, thiazides
24-50 mg when eGFR 50 mL/min) or orally furosemide (40-80 mg/day, in 2-3 portions, when
eGFR <50 mL/min) (36).
When edema is moderate (massive lower limb
edema, weight gain around 10 kg) or severe edema (massive edema, pleural effusion, therapy
ascites, weight gain >15 kg), salt restriction should
also be instituted. Loop diuretics are the first
line of therapy (furosemide PO/IV starting from
160 mg/day and increasing up to 480 mg/day in
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TABLE 3. Therapy of
nephrotic edema

case of unsatisfactory response). In severe ne
phrotic edema, association with thiazides, MRAs,
amiloride or indapamide may hasten edema depletion. To note, amiloride seems to be a better
second line solution in overfill patients due to ENaC
role in sodium retention. The utility of albumin in
underfill patients is controversial. It could be a solution in severe hypoalbuminemic patients, unresponsive to loop diuretics (vedi infra) (Table 3) (36).
Unresponsive edema is defined as a failure
to achieve the therapeutically desired reduction
in edema even when a maximal dose of diuretic
is employed (37). In most cases, this is due to
non-adherence to medical advice, but pharmacokinetic and pharmacodynamic effects could
also be implied (Table 4).
To overcome diuretic resistance, it is cautious
to follow a gradual approach. First of all, the possibility of not following a low-sodium diet and
the use of drugs interfering with diuretics (most
commonly, non-steroidal anti-inflammatory
agents) should be ruled out.

Then, furosemide should be switched to intravenous administration, and its frequency and
dosage should be reviewed and adjusted. In case
there is n no response after correction, furosemide should be administered in infusion
(20 mg/min).
Association of diuretics of different classes is
the next step. The largest experience is with thiazides administration, which potentiates the diuretic action of furosemide by preventing so
dium reabsorption in the distal convoluted
tubule (Figure 2). In combination with furosemide, thiazides increase diuresis even when
eGFR is low. However, doses should be increased
to 50-100 mg for hydrochlorothiazide, 2.5-5 mg
for indapamide, in two portions, 12 hours apart.
As the diuretic effect of thiazides peaks al
2-4 hours after oral administration, furosemide
should be given four hours after thiazides.
Amiloride (5 mg/day in two doses) seems a
better option, especially in overfill patients, as
sodium reabsorption mediated by ENaC was
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TABLE 4. Refractory nephrotic edema – causes and solutions

demonstrated in nephrotic syndrome. Although
amiloride could become even a first line diuretic
in overfill NS, the clinical experience with
amiloride in NS is very limited.
Mineralocorticoid receptor antagonists – spironolactone, eplerenone – in anti-proteinuric
doses (200 mg and 100 mg, respectively) also
seem to be beneficial, as in other conditions with
reduced proteinuria, but their utility in association
with loop diuretics in nephrotic proteinuria was
not properly tested. Finerenone, a non-steroidal
MRA, could be a solution, if tested, as it reduced
proteinuria by 30% in diabetic patients (37).
As previously mentioned, vaptans were also
prescribed in diuretic-resistant proteinuria with
encouraging results, but the clinical experience
is very limited.
Albumin infusions (hyper-oncotic >20 g% or
hypo-oncotic <5%) were thought to ameliorate di162
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uretic resistance by ameliorating furosemide pharmacokinetics and restoring circulating volume.
Improving the abnormalities of furosemide
pharmacokinetics in diuretic-resistant nephrotic
edema were based on animal experiments.
On one hand, as furosemide is highly bound
to albumin, in severe hypoalbuminemic nephrotic patients, less furosemide is bound to albumin, resulting in an expansion of its volume of
distribution, i.e., more furosemide is distributed
to other tissues than the kidney. Only free furosemide in urine inhibits Na/K/2Cl transporter.
Because free furosemide reaches urine after
being secreted by the proximal tubule cells,
which can be accessed only when albuminbound, hypoalbuminemia could reduce the
availability of free furosemide at its site of action.
In other words, hypoalbuminemia could blunt
the furosemide diuretic action. Thus, albumin
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infusion could restore the diuretic action of furosemide in hypoalbuminemic nephrotic patients.
On the other hand, in animal experiments,
an albumin infusion increases albuminuria, and
the increased urinary albumin binds free furosemide, diminishing its diuretic effect by limiting its
access to distal tubular cells. However, human
studies proved that furosemide binding to albumin in urine has only minor effects on its diuretic
action, and hypoalbuminemia does not seem to
influence furosemide access to tubular cells for
secretion. Thus, albumin supplementation seems
to minimally influence furosemide in hypoalbuminemic nephrotic edema (38).
There are few controlled clinical studies pro
perly investigating the efficacy of albumin–furosemide combination compared to furosemide
alone. Albumin (5% or 20%) and furosemide were
administrated either concomitantly or in succession. Not in all studies and in a recent metanalysis
combined albumin–furosemide therapy was superior to furosemide in increasing natriuresis or
diuresis and if the favorable effect existed, it was
transient and short-lived (eight hours). However,
not all studies reported whether patients were
non-responders to furosemide alone (20, 39).
As albumin solutions increase plasma oncotic
pressure, it could also improve the response to
furosemide by restoring the circulating volume
without external supplementation with other solutions. However, because of massive albumi
nuria, the effect of albumin infusion in restoring
the blood volume is short-lived (24-48 hours),
and some experimental and clinical data suggest
that increased albuminuria following albumin infusion can be even toxic for the tubule cells (40).
Moreover, the increase in circulating volume
could generate pulmonary edema in patients
with renal or heart failure (22, 23).
Thus, the benefic effects of adding albumin to
furosemide in resistant nephrotic edema is minimal. Accordingly, albumin infusion (hyper-oncotic, 20%, low salt) seems indicated in non-responding to furosemide underfill nephrotic
edema and in case of diuretic-induced symptomatic hypovolemia, only in patients with good
kidney and heart function (36).
In extremely severe refractory, life-threate
ning edema, ultrafiltration may be tried. Also,
as an extreme measure for patients with NS and
severe treatment-resistant proteinuria, bilateral
renal artery embolization may be recommended

to avoid hypoproteinemia-associated debilita
ting risks (22, 41).
Thromboembolic complications
Thromboembolic events (TEs) are among the
most serious complications of NS, as they are associated with a 6-12% mortality in the 30 days
following the event (42). Although TEs could affect any blood vessel, venous thrombotic events
(VTEs) are more frequent than arterial thromboses. Deep vein (30%) and renal vein (14%)
thromboses are the most frequent, and they are
complicated with pulmonary embolism in about
30% of cases (22, 43).
The VTEs rate of incidence in nephrotic patients (4/100 patient-years) is high and close to
that reported in those with deep vein thrombosis
from the general population (7/100 patient-years).
The main predictive factors of VTEs are both a
lower serum albumin (<2-2.5 g/dL) and a higher
proteinuria (>8-10 g/day) but the cut-offs vary according to reports. Other factors, including age
[higher frequency in adults than children (20-30%
vs. 3-20%)], sex (higher frequency among wo
men) and cause of NS [higher frequency in membranous nephropathy (38% incidence)], were also
associated with VTE risk in NS (44-46). The risk of
arterial thromboses is amplified by traditional risk
factors for atherosclerosis (43).
However, the incidence of VTEs is not firmly
established as pulmonary embolism and renal
vein thromboses can be minimally symptomatic,
needing extensive imaging evaluation (lung
scans, angiography, Doppler color ultrasound),
which is not routinely performed in reported
studies. The increase in fibrin d-dimers level can
guide the evaluation (47).
Pathogenesis of thromboembolic complications
in nephrotic syndrome
The nephrotic syndrome-associated hypercoa
gulable, thrombophilic, state is thought to be
produced by an imbalance between antithrombotic and procoagulant factors, resulting from
the combination of urinary losses and increased
hepatic synthesis, generated by lesions of the
glomerular filtration barrier. Altered platelets activation and defective fibrinolysis may also contribute. There are some indices that the thrombophilic state is initiated within the diseased
kidney. However, the pathogenesis of NS altered
coagulation is not fully understood (Figure 3).
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Plasma levels of procoagulant proteins with
high molecular weight – factors V, VIII, fibrinogen and α2-macroglobulin – are markedly elevated due to increased hepatic synthesis, probably inflammation-mediated (47). High fibrinogen
plasma levels enhance fibrin formation, platelet
hyperaggregability, and increases blood viscosity.
Of particular interest, high plasma fibrinogen
and von Willebrand factor were shown to be risk
factors of venous thrombosis even in the general
population.
Endogen anticoagulants plasma levels also
shift toward a prothrombotic state. Patients with
NS have low antithrombin III (ATIII) levels, because of urinary loss (48). Protein C is a serine
protease which regulates coagulation by proteolytically inactivating activated coagulation factors
V and VIII. It is activated by thrombin and has
protein S as cofactor. Proteins C and protein S
are vitamin K-dependent proteins that are synthesized in the liver. As both proteins have molecular weights in the domain of albumin, they
can be lost in urine. Moreover, the remaining
protein S is avidly bound by C4b-binding protein, a component of the complement system

FIGURE 3. The mechanism of thromboembolism in NS is due to
the combination of many factors, with podocyte injury playing a
central role
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(49). However, low free protein S levels were not
consistently observed (50), and protein C levels
were reported as preserved or even increased.
These observations suggest that the nephrotic
syndrome-associated risk of thrombosis may not
be related to the deficiency of proteins C and S,
which are more likely to have a protective role
(51-54).
The fibrinolytic system is also altered. Plasminogen and its activator, tissue-type plasminogen activator (tPA) decrease correlated to the
severity of proteinuria (52, 55). Meanwhile, plasma levels of α2-macroglobulin and lipoprotein
(a) are important inhibitors of fibrinolysis, which
increase due to augmented liver synthesis (52,
56). Also, the nephrotic state alters the structure
of fibrin monomers, affecting clots fibrinolytic
and viscoelastic properties, which make them
resistant to thrombolysis (57). All these changes
suggest a diminished fibrinolytic activity suppor
ting the NS-associated hypercoagulable status.
Mild increases in platelet count and platelet
hyper-reactivity were reported in NS. Increase
platelet aggregability, alteration in several platelet surface markers (P-selectin) and active substances released from α-granules (β-thrombo
globulin) and phosphatidylserine exposure on
membrane have been documented. Platelet hyper-reactivity is multifactorial and is associated
with hypoalbuminemia, changes in lipids plasma
levels and hyperfibrinogenemia (58).
Also, the low circulating volume decreases
the blood flow, while hyperlipemia increases
blood viscosity, favoring thrombosis.
All these abnormalities combine with individual genetic predispositions (mutations in
genes of factor V Leiden, plasminogen activator
inhibitor), which were reported to increase the
VTE risk in about 30% of nephrotic patients with
VTE, environmental and acquired risk factors
such as inflammation, drugs (corticosteroids and
diuretics), central venous catheters, and prolonged bed rest (47, 59).
Prophylactic anticoagulant therapy
Thromboembolic events are a preventable cause
of morbidity and mortality in patients with NS
but the decision to initiate prophylactic anticoagulant therapy should carefully balance the anticoagulation-associated risk of bleeding against
the risk of thrombosis (Figure 4). However, there
is a paucity of controlled studies evaluating these
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aspects. As a result, the recommendations are
consensual, based on studies addressing membranous nephropathy, which was more intensively investigated (60).
The anticoagulation-associated risk of
bleeding was not properly evaluated in nephro
tic patients, as there are no controlled studies.
Accordingly, scales of risk used in the general
population, including HAS-BLED, Hypertension,
Abnormal renal/liver function, Stroke, Bleeding
history or predisposition, Labile international
normalized ratio, Elderly (>65 years), Drugs/alcohol concomitantly, available at https://www.
mdcalc.com/has-bled-score-major-bleedingrisk, are recommended. The risk is low for a
HAS-BLED score 0-1, medium or 2 and high for
3+. Generally, anticoagulation is contraindica
ted when the risk of bleeding is high (43).
The VTEs risk is clearly related to the severity
of NS reflected by serum albumin (sAlb) level,
but it also depends on the underlying glomerulopathy. The VTE risk thresholds levels for albumin were best investigated in membranous nephropathy, where the risk seems the highest as
compared to other nephrotic glomerulopathies,
where the risk seems lower, implying a lower albumin threshold (61). Some additional factors
could increase the VTEs risk and should be taken
into account in the clinical decision to start anticoagulation (Table 4) (19, 62, 63). However,
there is insufficient information to define a risk

score, and the decision to indicate prophylactic
anticoagulation needs clinical judgement based
on these VTE risk factors.
Anticoagulant drugs. Warfarin is recommended by KDIGO 2021 for TEs prophylaxis,
and low molecular weight heparins (LMMWH)
as an alternative, in similar doses, to those reco
mmended for deep vein thrombosis prophylaxis
in the general population (19, 61). However, this
recommendation is not based on evidence, as
controlled studies against placebo or other comparator to evaluate the efficacy and safety in TEs
prophylaxis in nephrotic syndrome were not
conducted. In a recent retrospective study, Keddal et al compared the outcomes between group
anticoagulated prophylactically with warfarin or
LMWH and a control group without anticoagulation in 79 non-diabetic patients with NS. They
concluded that prophylactic anticoagulation
with either agent considerably reduced the number of clinically diagnosed TEs in nephrotic patients with serum albumin <2 g/dL without a
statistically significant risk of bleeding.
The pharmacokinetics and pharmacodynamics of both drugs could be modified in NS. As
warfarin is highly bound to albumin, its free level
increases in NS and its elimination time is shor
tened, making its pharmacokinetic unpredictable (64). Low molecular weight heparins act by
potentiation of antithrombin which could have
low levels in NS; they are protein bound and

FIGURE 4. Algorithm for anticoagulant therapy in nephrotic syndrome – adapted after (62).
DOACs=direct-acting oral anticoagulants; HAS-BLED=hypertension, abnormal renal/liver function,
stroke, bleeding history or predisposition, labile international normalized ratio, elderly (> 65 years) score;
LMWHs=low molecular weight heparins; sAlb=serum albumin
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TABLE 5. Factors associated with venous thromboembolic
events in nephrotic syndrome (65)

hypoalbuminemia could increase free drug fraction (and activity); also, they are primarily excreted in urine (43).
Thus, close monitoring of coagulation is ne
cessary in users of the two above-mentioned
drugs. In case of warfarin, the international normalized ratio (INR) should be maintained between 1.5-2.5, while in case of LMWHs, activated partial thromboplastin time (aPTT) or
anti-factor XIa activity should be occasionally assessed (48, 65).
Aspirin (75 mg) was also used for TEs prophylaxis in NS, and when retrospectively compared
to LMWH and no prophylaxis, it has better prevented VTEs (66). In another study, a persona
lized regimen of prevention according to serum
albumin level – LMWH switched thereafter to
warfarin (when albumin <2 g/dL) or aspirin
(when serum albumin 2-3 g/dL) – was admini
stered to 143 patients with NS of various primary
glomerulopathies. No VTEs were observed in patients on established prophylaxis for one week
and major gastrointestinal bleeding was observed
only in one, and only two patients needed blood
transfusion (67). Others proposed aspirin prophylaxis even when the risk of both VTEs and
166
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bleeding is high as well as in patients at medium
risk for VTE (albumin ≥2.5 g/dL) and at high risk
for cardiovascular events (high Framingham
score) (68). Thus, aspirin can be a solution in nephrotic patients with moderate risk bleeding and
VTE. Also, prophylactic aspirin has been proposed for patients with serum albumin levels
≥ 2.5 g/dL but elevated Framingham risk scores
due to high rates of arterial cardiovascular events
(69).
Direct-acting oral anticoagulants (DOACs) –
factor Xa direct inhibitors (apixaban, rivaroxaban) or direct thrombin inhibitors (dabigatran) –
would have some advantages in NS-associated
TEs prophylaxis, because they can be administered orally and do not need monitoring. However, as they are protein bound, their pharmacokinetics could be altered in NS, resulting in
sub- or supra-therapeutical levels, and their safety is uncertain when eRFG is lower than
30 mL/min, as they are mainly excreted in urine
(43, 62). In a randomized study on dialysis patients with atrial fibrillation (69), the incidence of
bleedings was similar in those treated with apixaban (5 mg bid) or warfarin, but the study was
underpowered as it was prematurely stopped
due to lack of funding, and many patients in the
warfarin arm were not in anticoagulation target
(70).
Additionally, the clinical experience with
DOACs in NS is limited to a small pilot rando
mized trial and few case or series were prescribed not for prophylaxis but for therapy of
thromboses. Although preliminary, these results
are encouraging. Therefore, DOACs could be an
option in nephrotic patients with side effects, inadequate therapeutic effects from warfarin or
LMMW (19).
The duration of prophylactic treatment is
unknown but it most likely extends to the remission of nephrotic syndrome or when albumin
level is above 3 g/dL (19, 63).
Anticoagulation for thrombotic events
In case of thromboembolic (venous, arterial, pulmonary) events as well as in case of non-valvular
atrial fibrillation, full anticoagulation is recommended for 6-12 months and/or for the duration
of nephrotic syndrome (19, 61). q
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