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CHAPTER 106 

Neurologic Problems in Acute Renal Failure
Andrew Davenport

OBJECTIVES
This chapter will:
1. Outline the basic pathophysiology of the brain in acute 

renal failure.
2. Identify the infections known to be associated with the 

development of acute renal failure and cerebral 
dysfunction.

3. Describe the role of vascular disease in the pathogenesis 
of acute renal failure and cerebral dysfunction.

4. Delineate the mechanisms by which electrolyte disorders 
may cause or potentiate acute renal failure leading to 
cerebral dysfunction.

5. Examine the metabolic disorders that may result in or 
exacerbate acute renal failure and cerebral dysfunction.

6. Review those drugs implicated in the pathogenesis of 
acute renal failure and cerebral dysfunction.

BASIC PATHOPHYSIOLOGY OF THE BRAIN 
IN ACUTE RENAL FAILURE

In the intensive care unit (ICU) setting, the patient may be 
admitted with acute renal failure (ARF), or ARF may develop 
during the course of the patient’s stay in the ICU. A majority 
of patients will experience additional aspects of organ failure 
other than ARF, and sepsis, trauma, and surgery also will 
have an impact on cerebral function. In ARF cerebral blood 
flow often is reduced, with alterations in the blood-brain 
barrier leading to localized areas of increased permeability 

with astrocyte swelling. In part, these changes are compensa-
tory as a result of the changes in plasma osmolality, owing 
to the retention of urea and other osmolytes, and accompany-
ing acidosis. Neurotransmitter regulation is affected, with 
inhibition of the GABA-ergic inhibitory system, and activa-
tion of the excitatory N-methyl-D-aspartate system.1 These 
changes can be exacerbated by other conditions; for example, 
in severe sepsis without direct central nervous system 
infection, cerebral perfusion is decreased, with increased 
blood-brain barrier permeability and an influx of glutamate 
and other amino acids, resulting in increased elaboration 
of neurotransmitters.2 Postmortem examination has shown 
various anatomic changes including astrocyte and glial cell 
swelling in the cortex, cerebral micro- and macroinfarcts, 
multiple small white matter hemorrhages, central pontine 
myelinosis, and disseminated microabscesses.3

In clinical practice, neurologic assessment may be dif-
ficult, especially when patients are sedated and paralyzed. 
Glial cells (astrocytes, microglia, and oligodendrocytes) play 
a major role in coordinating the response to brain injury 
with neurons. Astrocyte reactivity or astrogliosis in response 
to brain injury is characterized by three key features: 
hypertrophy, increased expression of intermediate filaments 
(glial-fibrillary acidic protein [GFAP]), nestin and vimentin.4 
In addition, S-100β protein, a calcium-binding protein found 
predominantly in astrocytes, and neuron-specific enolase, 
an intracytoplasmic glycolytic enolase located in neurons 
and Schwann cells, have been proposed as biomarkers of 
brain injury, with increasing levels when the blood-brain 
barrier is disrupted with underlying brain injury.5 Myelin-
basic protein (MBP) is a specific marker of oligodendrocytes 
and can be detected in blood, indicating potential disruption 
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more quickly with steroid therapy once the infection has 
been treated appropriately with antibiotics. Thus an essential 
component of evaluation is dipstick testing of urine for 
blood and protein, along with standard microscopy and 
culture, as well as cytologic examination of the urine.6

In immunocompromised patients such as renal transplant 
recipients and other patients who have received solid organ 
transplants, ARF may occur readily in systemic sepsis. The 
scope of the differential diagnosis widens, owing to the 
possibility of Listeria monocytogenes meningitis, cerebral 
toxoplasmosis, fungal meningitis, viral encephalitis, human 
immunodeficiency virus (HIV), and cerebral lymphoma 
resulting from posttransplantation lymphoproliferative 
disease.7

VASCULAR DISEASES CAUSING  
ACUTE RENAL FAILURE CAUSING  
CEREBRAL DYSFUNCTION

Vascular disease includes a spectrum of conditions ranging 
from vascular hemorrhage to thrombosis of large and small 
blood vessels, with subsequent tissue infarction, to occlusion 
and local inflammation or thrombosis. In patients with 
atheroembolic stroke, ARF may develop as a result of 
myoglobinuria secondary to a fall and muscle necrosis from 
hypostasis.

In confused patients, for whom the differential diagnosis 
often is wide in scope, it is important to obtain an accurate 
medical history, which often may require the help of relatives 
and other witnesses, so that uncommon conditions are not 

in myelin, leading to axonal injury. However, the role of 
these biomarkers in clinical practice remains to be 
established.4

INFECTIONS CAUSING ACUTE RENAL 
FAILURE AND CEREBRAL DYSFUNCTION

Acute uremia and systemic sepsis can cause delirium. With 
ARF resulting from sepsis, it often is difficult to exclude 
underlying structural brain abnormalities, such as abscesses, 
in patients who are confused and unable to fully cooperate 
in the acute setting. Circulating cytokines can cross the 
blood-brain barrier at the base of the third ventricle resulting 
from the fenestration of the capillaries in the median 
eminence, and as such confusion and delirium are common 
complications of severe generalized sepsis. All patients 
admitted to the ICU with renal failure and sepsis should 
have an ultrasound examination of the urinary tract to 
exclude renal obstruction.

Although ARF can develop in patients admitted to the 
ICU with severe sepsis of any cause, some infections typically 
cause acute cerebral involvement and renal dysfunction. 
Cerebral involvement may be due to direct infection of the 
brain and meninges, causing encephalitis and meningitis, 
or confusion resulting from toxin release or a vasculopathy 
resulting from infection-induced vasculitis or local thrombosis 
(Table 106.1). The key to clinical management is to recognize 
when ARF is not due to simple renal hypoperfusion con-
sequent to sepsis—for example, acute proliferative or 
crescentic nephritis after staphylococcal infection resolves 

TABLE 106.1 

Infections Causing Acute Cerebral Dysfunction and Renal Failure

INFECTION CEREBRAL DYSFUNCTION RENAL LESION

Bacterial Infections
SBE Cerebral abscess/infarct Acute proliferative MPGN
Ventriculoatrial shunt Cerebral abscess Acute proliferative MPGN
Visceral abscess Toxin-induced confusion Acute proliferative MPGN
E. coli infection Cerebral vasculitis HUS
Streptococcal infection Chorea/meningitis Acute DPGN/DIC
Staphylococcal infection Toxin-induced confusion Acute DPGN/CGN
Legionella infection Hypoxia-induced confusion AIN
Leptospirosis Cerebral vasculitis AIN
Yersinia infection Cerebral vasculitis AIN
Rickettsia rickettsii infection Cerebral vasculitis AIN/DPGN/vasculitis
Mycoplasma infection Meningitis AIN/DPGN
Protozoal Infections
Malaria Encephalopathy/seizures AIN/vascular occlusion
Viral Infections
Epstein-Barr virus infection Encephalitis AIN
HIV infection Encephalitis Collapsing FSGS/HUS
Secondary Infections
Dengue fever Cerebral vasculitis HUS
Ebola
Hanta virus infection

Encephalitis
Cerebral vasculitis/hypoxia

Prerenal azotemia
AIN

Hepatitis B Hepatic encephalopathy HRS/MCGN/vasculitis
Hepatitis C Hepatic encephalopathy HRS/MCGN/vasculitis
Other Conditions
Sarcoidosis Lymphocytic meningitis AIN

AIN, Acute interstitial nephritis; CGN, (acute) crescentic glomerulonephritis; DIC, disseminated intravascular coagulopathy; DPGN, (acute)  
diffuse proliferative glomerulonephritis; FSGS, focal segmental glomerulosclerosis; GN, glomerulonephritis; HIV, human immunodeficiency virus;  
HRS, hepatorenal syndrome; HUS, hemolytic uremic syndrome; MCGN, mesangiocapillary glomerulonephritis; MPGN, mesangioproliferative 
glomerulonephritis; SBE, subacute bacterial endocarditis.
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assays (ELISAs) for myeloperoxidase and proteinase 3. 
Similarly, in suspected systemic lupus erythematosus, assays 
for complement proteins, antinuclear antibodies, and 
double-stranded DNA antibodies may help substantiate the 
diagnosis. In cases of scleroderma, extractable nuclear 
antigens should be requested, and for cryoglobulinemia, 
complement proteins, rheumatoid factor, and cryoglobulin 
should be measured. In Waldenström disease, elevated 
plasma immunoglobulin M (IgM), with increased plasma 
viscosity, is characteristic. Patients with hemolytic uremic 
syndrome (HUS) and thrombotic thrombocytopenic purpura 
(TTP) typically have fragmented red blood cells on the 
blood film, with an increased reticulocyte count, throm-
bocytopenia, anemia, minimally deranged clotting in 
comparison with disseminated intravascular coagulopathy, 
with elevated lactate dehydrogenase and reduced hapto-
globins. In some patients with HUS, especially those with 
a family history of the disease or without an antecedent 
diarrheal illness, complement protein H, or membrane 
complement protein, or other components of the complement 
pathway may be reduced or phenotypically abnormal; 
particularly in TTP, ADAMTS-13 may be reduced, so allow-
ing circulation of large von Willebrand multimers.

ELECTROLYTE IMBALANCE IN ACUTE RENAL 
FAILURE CAUSING CEREBRAL DYSFUNCTION

Marked hyponatremia may occur in patients with acute 
kidney injury resulting from severe volume depletion. 
Although other causes include excess water intake, which 

overlooked. Table 106.2 lists some conditions that typically 
cause acute renal dysfunction and cerebrovascular disease7 
(Fig. 106.1). If an underlying vasculitis is suspected, then 
appropriate immunologic investigations should be requested, 
including screening for antineutrophil cytoplasmic antibod-
ies and the more specific enzyme-linked immunosorbent 

TABLE 106.2 

Differential Diagnosis for Vascular Diseases Causing Acute Renal Failure and Cerebral Dysfunction

DISEASE/CONDITION CEREBRAL DYSFUNCTION RENAL LESION

Intracranial Infection/SAH
Malignant hypertension Intracranial aneurysm HUS
Polycystic kidney disease Intracranial aneurysm Renal cystic disease
Polyarteritis nodosa Intracranial aneurysm Vasculitis
Kawasaki disease Intracranial aneurysm Vasculitis
Cerebral Infarction
Cholesterol emboli Multiple cerebral emboli Renovascular disease
Atrial myxoma Multiple cerebral emboli Renal infarction
Cardiac valve vegetation Multiple cerebral emboli Renal infarction
Antiphospholipid syndrome Multiple cerebral infarcts Multiple renal infarcts
Behçet syndrome Multiple cerebral infarcts AIN/renal vasculitis
TTP Multiple cerebral infarcts HUS
HUS Multiple cerebral infarcts HUS
Malignant hypertension Seizures/cerebral infarction HUS
Scleroderma Seizures/cerebral infarction HUS
Eclampsia Seizures/cerebral infarction HUS
Fatty liver of pregnancy Hepatic encephalopathy HUS
Cryoglobulinemia Small-vessel cerebral infarction MCGN
Sickle cell disease Multiple cerebral infarcts FSGS
Waldenström disease Hyperviscosity syndrome AIN
SLE Cerebral vasculitis RPGN/renal vasculitis
Microscopic polyangiitis Cerebral vasculitis RPGN/renal vasculitis
Wegener granulomatosis Cerebral vasculitis RPGN/renal vasculitis
Churg-Strauss syndrome Cerebral vasculitis RPGN/renal vasculitis
Henoch-Schönlein purpura Cerebral vasculitis RPGN/renal vasculitis
Other Conditions
Sarcoidosis Lymphocytic meningitis AIN

AIN, Acute interstitial nephritis; FSGS, focal segmental glomerulosclerosis; HUS, hemolytic uremic syndrome; MCGN, mesangiocapillary 
glomerulonephritis; RPGN, rapidly progressive glomerulonephritis; SAH, subarachnoid hemorrhage; TTP, thrombotic thrombocytopenic purpura.

PICA

FIGURE 106.1 Intracranial aneurysm (arrow) in a patient with 
polyarteritis nodosa. PICA, Posterior internal communicating artery. 



652  Section 17 / Acute Kidney Injury and Organ Crosstalk

conditions associated with cerebral disease and renal 
impairment include cystinosis, a lysosomal disorder that 
leads to cystine crystal accumulation leading to a Fanconi 
syndrome and chronic kidney failure, and the Lesch-Nyhan 
syndrome, which leads to intellectual deterioration in later 
childhood and is complicated by urate nephropathy.

ARF often develops in patients with hepatocellular failure 
resulting from hepatorenal syndrome, in patients with acute 
hepatic failure, and in those with advanced cirrhosis. In 
addition, ARF may be due to prerenal hypovolemia from 
sepsis, hemorrhage, or overdiuresis, or may be secondary 
to toxin-induced renal tubular damage after acetaminophen 
overdose, mushroom poisoning, exposure to carbon tetra-
chloride and other dry cleaning solvents, or phosgene 
poisoning, or to the presence of free hemoglobin in cases 
of acute hemolysis, including those resulting from chro-
mium, copper, and propylene glycol poisoning.

DRUGS CAUSING ACUTE BRAIN  
AND KIDNEY INJURY

Many drugs taken for deliberate self-poisoning can cause 
a depressed level of consciousness and hypotension, 
sometimes complicated by seizures, resulting in acute 
myoglobinuric kidney injury.

Malignant hyperpyrexia and the neuroleptic malignant 
syndrome can be precipitated by anesthetic agents (including 
halothane, ketamine, and suxamethonium), which, along 
with antidopaminergic drugs—typically, phenothiazines 
and butyrophenones—can cause muscle breakdown and 
acute kidney injury. Nightclub “ravers” who take ecstasy 
(MDMA) and other amphetamines are at risk of heat stroke 
from drug-induced hyperthermia, seizures, and hypertension. 
Similarly, cocaine causes hypertension, seizures, and muscle 
breakdown, as does self-poisoning with monoamine oxidase 
inhibitors and strychnine. Other agents occasionally are 
ingested, such as rodenticides containing α-chloralose, 
which cause seizures and myoglobinuric acute kidney injury. 
Dapsone poisoning causes methemoglobinemia and hemo-
lysis, leading to renal injury, coma, and seizures. Phenol 
ingestion also causes coma and rhabdomyolysis with AKI. 
Ethylene glycol ingestion can lead to seizures, coma, and 
ARF.

Lead toxicity can lead to encephalopathy, and chronic 
exposure results in interstitial fibrosis and renal failure. 
Arsenic poisoning causes acute hepatorenal dysfunction, 
seizures, and encephalopathy. Bismuth is a direct renal 
tubular toxin, and self-poisoning can result in ARF and 
encephalopathy. Exposure to other toxic agents, such as 
hydrogen fluoride, and accidental self-poisoning with oral 
iron can result in acute hepatorenal failure and coma. Some 
Chinese herbal remedies and bush teas have been reported 
to cause acute hepatic and renal failure. Lithium intoxication 
may result in coma in severe cases, and patients may have 
underlying renal interstitial fibrosis secondary to previous 
lithium therapy.

Other drugs that can acutely affect the kidney and the 
brain include cyclosporine, tacrolimus, mitomycin C, 
gemcitabine, quinine, and cocaine, which have been reported 
to cause a hemolytic uremic syndrome. In addition, the 
calcineurin inhibitors (cyclosporine and tacrolimus) can 
cause an acute encephalomyelitis with cerebral white matter 
changes and seizures, particularly in association with 
hypomagnesemia.9 Depending on its glucose load and 
cytokine content, intravenous immunoglobulin can cause 

may occur in “fun runners” taking part in half-marathons, 
in whom ARF typically develops secondary to heat  
stroke, ARF also may occur in “all-night-rave” participants 
who take ecstasy (3,4-methylenedioxymethamphetamine 
[MDMA]), which causes rhabdomyolysis (see Chapter 58). 
Hypernatremia may occur in diabetic hyperosmolar coma, 
and a delay in obtaining appropriate treatment may lead 
to ARF as a result of hypovolemia.

Severe hypokalemia may lead to muscle paralysis but 
only rarely causes rhabdomyolysis and renal impairment. 
Hypercalcemia may result in neurologic sequelae ranging 
from irritability to confusion and convulsions and marked 
renal impairment. In clinical practice, malignancy is the 
most common cause of hypercalcemia in patients with 
previously normal renal function.

Electrolyte imbalances may occur in the patient with 
ARF treated by dialysis. Typically, such derangements have 
occurred with failures in treatment of the domestic water 
supply, particularly in hard water areas, resulting in a 
high-calcium dialysate, or from compositional errors in the 
preparation of the final dialysate, leading to marked hyper-
natremia. Similarly, hyponatremia has been reported with 
errors in the preparation of dialysis fluids for continuous 
renal replacement therapy.8

METABOLIC DISORDERS CAUSING CEREBRAL 
DYSFUNCTION WITH ACUTE RENAL FAILURE

The clinical presentation in pathologic conditions resulting 
from environmental insults, such as heat stroke, typically 
includes confusion and evidence of acute kidney injury 
secondary to muscle breakdown and dehydration. Unfor-
tunately, many survivors are left with permanent neurologic 
deficit. Snakebite, particularly from Australian elapids, and 
bites from venomous fish can manifest with neurotoxicity, 
with a characteristic sequence of paralysis followed by 
rhabdomyolysis and acute kidney injury (AKI).

Inherited defects of mitochondrial function may manifest 
with an acute encephalomyopathy, particularly after stress 
such as sepsis and surgery, and more commonly seen in 
patients given supplemental feeding. Such defects include 
mitochondrial encephalomyopathy with lactic acidosis and 
stroke-like episodes (MELAS) and myoclonic epilepsy with 
ragged red fibers (MERRF). Renal tubular defects are common 
in these conditions, and renal failure may ensue as a result 
of interstitial renal disease. Wilson disease is known to 
include a mitochondrial defect. In this condition, patients 
can have an acute crisis with hepatic encephalopathy and 
red cell hemolysis, resulting in acute kidney injury. Other 
inborn errors of metabolism associated with intermittent 
encephalopathy resulting from hyperammonemia include 
defects of the urea cycle, including the organic acidemias, 
typified by methylmalonic acidemia. Now that affected 
infants are surviving childhood into their teens, renal failure 
develops as a consequence of renal tubular damage with 
interstitial fibrosis. Myoglobinuric renal damage also may 
occur in the glycogen storage diseases and occasionally 
with carnitine palmitoyl transferase deficiency. Acute 
intermittent porphyria can manifest with hallucinations, 
frank paranoia, and seizures. Renal impairment may be 
secondary to the combination of hypertensive nephrosclero-
sis with acute myoglobinuric injury. In the lysosomal storage 
condition Anderson-Fabry disease, chronic kidney failure 
often develops in later life, and patients can present with 
acute thrombotic stroke in the fifth decade. Other metabolic 
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and protein that may signify underlying intrinsic renal 
disease. This test should be performed not only on admission 
but also periodically throughout the course of the ICU stay, 
because in patients with initial prerenal ischemic injury, 
a later interstitial nephritis potentially may develop second-
ary to the administration of antibiotics or other drugs. A 
renal biopsy is indicated in patients who have not recovered 
renal function after 3 weeks. Similarly, careful examination 
of the stuporous or comatose patient, including funduscopy 
and auroscopy, is warranted to exclude localizing neurologic 
signs. Many patients undergo simple CT brain scanning, 
without contrast, and it must be remembered that unen-
hanced scans, typically performed outside of normal working 
hours and without the benefit of interpretation by an 
experienced specialist, are designed to look for intracranial 
hemorrhage, large masses, and hydrocephalus, whereas 
other pathologic processes may well be missed (Fig. 106.2). 

acute tubular toxicity and encephalopathy. Occasionally, 
the newer monoclonal and polyclonal agents used in treating 
hematopoietic cancers, rheumatoid arthritis, and other 
immunologic diseases (e.g., anti-CD25 antibody, antilym-
phocyte globulin [ALG], orthoclone antihuman lymphocyte 
[OKT3] globulin, etanercept, rituximab, adalimumab) can 
result in an acute capillary leak–like syndrome, resulting 
in prerenal ischemia and an acute encephalopathy resulting 
from sudden release in inflammatory cytokines and damage-
associated metabolic patterns (DAMPs).

In patients with traumatic head injury, or after neuro-
surgery, drugs that potentially can suppress renal function 
or cause nephrotoxicity should be avoided. Such drugs 
include nonsteroidal antiinflammatory drugs, aminoglyco-
side antibiotics, angiotensin-converting enzyme inhibitors, 
and sartanes (e.g., losartan). Other drugs such as cyclosporine 
and tacrolimus should be monitored carefully with trough 
levels. Radiocontrast media are nephrotoxic, and although 
the risk can be reduced by using hypo-osmolar contrast 
agents, along with volume expansion with isotonic bicarbon-
ate, use of other imaging modalities such as ultrasonography 
and magnetic resonance imaging, if at all possible, is 
preferable to multislice three-dimensional computed 
tomography (CT) scanning.

Other drugs when given to patients with renal impairment 
can lead to acute confusion, coma, or seizures. These include 
the penicillin and cephalosporin antibiotics and the antiviral 
agents acyclovir and ganciclovir.

Similarly, patients in the ICU typically are given sedative 
drugs, analgesics, and muscle relaxants. Many of these 
agents have prolonged half-lives in ARF, so several days 
may be required for their effects to dissipate (Table 106.3). 
This has to be taken into account in assessing neurologic 
status in patients in the ICU.

CONCLUSION

A majority of patients admitted to the ICU with acute kidney 
injury and confusion, delirium, or unconsciousness have 
underlying sepsis or drug-induced self-poisoning and require 
supportive management. The key to effective management 
is recognizing when patients have other conditions  
that require additional investigation and active treatment 
(Table 106.4). As a baseline screening approach, therefore, 
simple urine dipstick testing is important to detect blood 

TABLE 106.3 

Effect of Renal Function on Sedatives, Analgesics, and Muscle Relaxants Commonly Used in the Intensive Care Unit

DRUG METABOLISM ACCUMULATION IN RENAL FAILURE ACTIVE OR TOXIC METABOLITE

Sedatives
Midazolam Hepatic Yes α-Hydroxymidazolam
Propofol Hepatic Yes Glucuronide/sulfate conjugates
Thiopental Hepatic Minimal No
Analgesics
Fentanyl Hepatic No No
Alfentanil Hepatic No No
Remifentanil Plasma breakdown No No
Morphine Hepatic Yes Morphine 6-glucuronide
Muscle Relaxants
Atracurium Plasma breakdown Yes Laudanosine
Cisatracurium Plasma breakdown Much less than with atracurium Laudanosine
Rocuronium Hepatic and renal Yes 30% excreted unchanged in urine
Vecuronium Hepatic and renal Yes 20% excreted unchanged in urine

TABLE 106.4 

Summary of Investigations for Conditions Causing 
Acute Kidney Injury

LOCATION OF DEFECT EVIDENCE OF INVESTIGATE FOR

Kidney Renal 
obstruction

Bladder/prostate/
cervical tumor

Cholesterol 
emboli

Renal artery 
stenosis

Hematuria/
proteinuria

Intrinsic renal 
disease

Vasculitis
Bacterial 
endocarditis

Myoglobin Drug overdose
Red cell 
fragments

Hemolytic uremic 
syndrome

Severe 
hypertension

Scleroderma

Brain Intracranial 
hemorrhage

Polycystic kidney 
disease

Polyarteritis nodosa
Ischemic stroke Anticardiolipin 

syndrome
Anderson-Fabry 
disease

Encephalopathy Drug overdose
Metabolic disorder



Key Points

1. Acute uremia and the systemic inflammatory 
response can cause an encephalopathy that may 
be difficult to distinguish from primary cerebral 
infections and other pathologic processes.

2. Atypical infections and posttransplantation 
lymphoproliferative disorders must be considered 
in renal transplant recipients with neurologic 
symptoms and signs.

3. Preexisting vascular disease is common in the 
elderly and in patients with underlying chronic 
kidney disease.

4. Subarachnoid hemorrhage is more common in 
patients with malignant hypertension and in those 
with polycystic kidney disease.

5. Drug metabolism is altered in acute kidney injury, 
and patients are more prone to the development 
of neurologic side effects.
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FIGURE 106.2 Cerebral abscess in a patient with bacterial endocarditis, 
secondary to infection of a central venous access catheter inserted 
for treatment of acute renal failure. 

Cerebral function also can be affected by electrolyte imbal-
ances, which should be corrected, and by prescribed drugs. 
In patients with acute kidney injury, drug doses may have 
to be adjusted, and similarly, nephrotoxins should be 
avoided.
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