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 Dialysis disequilibrium syndrome (DDS) is defined as a clinical 

syndrome of neurologic abnormalities seen in patients undergoing 

hemodialysis. There are several theories that support the mechanism for 

DDS, such as Urea Transporter and Aquaporins in the brain, reversed 

urea effect, idiogenic osmole, metabolic and cerebral acidosis 

mechanism. Dialysis disequilibrium syndrome is a clinical condition 

diagnosed in patients at risk undergoing hemodialysis. There is no 

laboratory examination for DSS and is still a diagnosis of exclusion. The 

main target in the management of DDS is to reduce brain edema and 

prevent complications.7 If DDS is suspected in a patient, strong 

consideration should be given to discontinuing dialysis therapy. Patients 

should always be closely monitored and if any deterioration occurs, stop 

the hemodialysis immediately. Severe symptoms should improve within 

24 hours after dialysis is stopped. 
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1. INTRODUCTION 

Dialysis disequilibrium syndrome (DDS) is defined as a clinical syndrome of neurologic abnormalities seen 

in patients undergoing hemodialysis (HD) [1]. DSS is a potentially fatal complication characterized by 

nausea, vomiting, headache, and confusion to seizures [2]. DSS is more common in patients who are 

undergoing or immediately after the first hemodialysis therapy but can also occur in all patients receiving 

hemodialysis therapy. The neurologic symptoms such as restlessness, headache, confusion, and coma that 

encountered are similar to those that occur in various other conditions including increased intracranial 

pressure and acute hyponatremia [1]. DSS was first described in 1962. Several risk factors for DSS are the 

first-time hemodialysis therapy, severe uremia, metabolic acidosis, old age, and pre-existing neurologic 

diseases [3]. Emergency cases in HD can result from operator error (human error), which is partly due to 

idiosyncratic reactions. Trained dialysis personnel are essential to prevent human errors from occurring and 

also to ensure proper action when a complication occurs [4]. 

 

2. PATHOPHYSIOLOGY 

The exact mechanism for DDS is not fully understood, but there are several theories that support the 

mechanism for DDS. 
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2.1 Urea Transporters and Aquaporins in the Brain 

Urea is an organic compound that is produced by the body as a result of protein metabolism. Amino acids 

are metabolized into ammonia in the liver, which is a neurotoxin compound even at a low dose, then will be 

metabolized through the urea cycle into an organic compound, namely urea. Urea will be transported to the 

kidneys, filtered by the glomerulus, and excreted in the urine [5]. Urea has a low solubility, even though it 

can move across the cell membrane, this movement occurs slowly. The transit of urea through cell members 

is facilitated by urea transporters (UTs) consisting of urea transporter A (UT-A) and B (UT-B). UT-A is 

mainly located in the kidneys, heart, liver, testes, and colon. UT-B is found in red blood cells, vasa recta, 

and brain. Accumulation and increase of urea levels in the bloodstream, brain, and cerebrospinal fluid can 

be a result from kidney failure [5]. Aquaporins (AQP) are small cell membrane proteins that function for 

water passage and small molecules such as ammonia and carbon dioxide. There are 11 subtypes of 

aquaporins in mammals that are distributed in tissues and cells for transporting fluid in various tissues and 

organs including through the blood- brain barrier and the brain-CSF interface. AQP4 is the aquaporin that is 

believed to play the most important role in the development of cerebral edema in animal studies. Studies on 

mice with uremia have shown a decrease in UT-B1 and an increase in AQP4 and AQP9 in the brain 

parenchyma. Research on mice with uremia showed a twofold increasement in AQP4, 65% increasement in 

AQP9, and around 50% digression in UT-B1 compared to controls. The low UT-B causes a deceleration of 

urea excretion from astrocytes during rapid removal of extracellular urea through hemodialysis. Low UT-B 

and increased AQP play a role in water entry into cells and the occurrence of cerebral edema [2], [5], [6]. 

 

 
Figure 1. Changes in Brain Urea Transporter (UT-B) and Aquaporin Channel 4   and   9 (AQP4 and AQP9) 

[5] 
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2.2 Reverse Erea Effect 

Patients with uremia are always in hyperosmolar state. Urea is called as an ineffective osmole due to its 

balanced concentration in blood, brain and other tissues. This makes no differences in the osmotic gradient 

that leads to no fluid transfer. Hemodialysis removes urea from the body at a faster rate than the equilibrium 

between the brain and blood flow across the blood brain barrier. This causes a change in the osmotic 

gradient resulting fluid movement into the brain and causes edema, increased intracranial pressure, and 

symptoms of DDS [5], [7], [8]. 

 

2.3 Idiogenic Osmole 

Idiogenic osmole is an organic molecule formed by brain cells due to chronic uremia. This osmole has low 

ability to penetrate blood brain barrier, so it plays a role in the osmotic gradient for the movement of water 

into the central nervous system [9]. There are studies suggesting that the concentration of some brain 

osmolytes such as glutamine, taurine, myoinositol, and glutamate does not increase significantly after rapid 

hemodialysis [2]. Idiogenic osmoles are believed not to play a significant role in the occurrence of DDS in 

CKD patients [5]. 

 

2.4 Metabolic and Cerebral Acidosis Mechanism 

Metabolic acidosis in patients with acute kidney injury (AKI) and chronic kidney disease (CKD) is often 

compensated through hyperventilation to improve pH levels. Rapid administration of bicarbonate in 

addition to increase pH level, will also reduce compensatory mechanism of hyperventilation, resulting in an 

increase of carbon dioxide pressure (PCO2). Bicarbonate will be also converted by carbonic anhydrase into 

carbon dioxide (CO2). CO2 will diffuse into the brain and cerebrospinal fluid (CSF) to form carbonic acid 

and reduce the pH level in CSF [5]. This mechanism known as paradoxical CSF acidosis and causes higher 

production of H+ ions in the brain due to increased organic acids production in the brain. Increased brain 

osmole content leads to a 12% increase in brain water content, which is the hallmark of DDS [2]. Metabolic 

acidosis is a risk factor for DSS and rapid correction using hemodialysis affects the occurrence of DSS. 

Alkalization caused during hemodialysis results in an acute increase of hemoglobin's affinity for oxygen. 

This impacts tissue oxygenation and plays a role in cerebral and tissue hypoxia, thus exacerbating 

neurologic symptoms in DDS patients [5]. 

 

3. CLINICAL MANIFESTATION 

 

Table 1. Sign and Symptoms of DDS [5] 

Signs Changes in mental status 

Asterixis 

Seizures 

Coma Death 

Symptoms Nausea 

Emesis 

Headache 

Dizziness 

Muscle Cramps 

Agitation 

Disorientation 

Confusion 

Tremor 

Visual Disturbances 
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Signs and symptoms that occur in DSS may result from cerebral edema and have a temporary relationship 

as a result of the dialysis procedure. The development of neurologic symptoms due to cerebral edema and 

increased intracranial pressure can lead to coma and death if not treated properly. DSS can occur in patients 

on chronic dialysis, especially those with high pre-dialysis blood urea nitrogen (BUN) levels, or if there are 

other conditions such as hyperglycemia or hypernatremia that cause hyperosmolar conditions [5]. 

 

4. DIAGNOSIS 

Dialysis disequilibrium syndrome is a clinical condition diagnosed in patients at risk undergoing 

hemodialysis. There is no laboratory examination for DSS and is still a diagnosis of exclusion. Although 

there is no radiological examination that can be used to diagnose DSS, some imaging techniques such as 

MRI may be able to help in making the diagnosis [2]. 

 

5. PREVENTION 

There are several ways that can be used to prevent DDS in patients with high blood urea nitrogen levels in 

the first HD, namely: 

• Limit the duration of the first HD to 2 - 2.5 hours 

• Limit the blood flow to 200 - 250 ml / minute 

• Use dialysate with high sodium levels (144-145 mmol / L). Every 1 mmol / L increase in sodium 

levels can reduce the osmotic effect of BUN by 12 mg / dL 

• Consider intravenous mannitol at a dose of 1 g / kg 

• Consider continuous renal replacement therapy (CRRT) in patients at high risk for DDS, such as 

cerebral injury, intracerebral hemorrhage, intracranial mass. Kidney Disease Improving Global Outcomes 

(KDIGO) recommends using CRRT instead of intermittent dialysis in acute kidney injury (AKI) patients 

with injury or cerebral edema, or increased intracranial pressure [4], [11]. 

 

The important thing is to slow down the rate of excretion of urea. Reducing the target of urea clearance can 

reduce symptoms of disequilibrium in elderly patients. Administration of glucose or glycerol on dialysate 

can prevent DDS. Dialysates with a high glucose content can reduce osmolarity fluctuations. A prophylactic 

effect on DDS can be found in dialysates with a glucose concentration of at least 200 mg / dL. 

Administration of a combination of high-glucose dialysate and intravenous mannitol has a beneficial effect 

on DSS [2], [4], [12]. 

 

6. TREATMENT 

In chronic kidney disease patients with high urea levels who are about to start hemodialysis, therapy should 

be done by reducing the duration to 2 hours, reducing the blood flow rate to 200 ml / minute, and use a 

small dialyzer. Patients who can tolerate this dialysis therapy can then be elevated gradually, which is 15 to 

30 minutes at the next hemodialysis session [2], [5]. The main target in the management of DDS is to 

reduce brain edema and prevent complications.7 If DDS is suspected in a patient, strong consideration 

should be given to discontinuing dialysis therapy. In patients with mild symptoms, reducing blood flow rate 

may be performed to decrease the rate of urea clearance. Patients should always be closely monitored and if 

any deterioration occurs, stop the hemodialysis immediately. Severe symptoms should improve within 24 

hours after dialysis is stopped. Cerebral edema can be treated by increasing plasma osmolarity through 

administration of mannitol or hypertonic saline to reduce the osmotic gradient between blood and brain [5], 

[13]. In patients with fluid overload, short duration of hemofiltration and hemodialysis can be substituted. 

Patients can also start on peritoneal hemodialysis, because there have been no reports of DSS occurrence on 

peritoneal dialysis [7]. The incidence of serum osmolarity digression that occur during hemodialysis can be 

reduced by using dialysates containing high glucose concentrations or by administering intravenous 
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mannitol during hemodialysis. Intravenous mannitol perinfus at a dose of 1 g / kg / dyalysis can prevent the 

occurrence of DDS during hemodialysis. The use of dialysates with a sodium content of 143-144 mEq / L 

for initial therapy can be given to patients at risk. Sodium profiling targets the osmotic effects of early urea 

removal [2]. 

 

7. CONCLUSION 

Dialysis disequilibrium syndrome is a condition that caused mainly of cerebral edema caused by varies 

mechanism. Limiting the duration and blood flow can have reduced the incidences and symptoms for DDS. 
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