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Renal Critical Care
Problems
Lauren Sorce Grehn
Andrea Kline
Joyce Weishaar

flow potentially alters kidney function. Over time, hypoperfusion results in altered renal function because of changes in
the kidney itself. Intrinsic renal failure can occur as a result
of ingestion or administration of nephrotoxic agents, which
impair renal cell function and cause an alteration in renal
tubular reabsorption or secretion.
The clinical presentation and laboratory findings in ARF
vary. Following trends in a child's renal status over time best
identifies deteriorating renal function. Nursing vigilance,
which provides for early identification and management of
ARF, can prevent irreversible renal dysfunction.

EMBRYOLOGIC DEVELOPMENT OF THE RENAL SYSTEM
MATURATIONAL FACTORS

Structure of the Renal System
Function of the Renal System
ACUTE RENAL FAILURE

Prerenal Failure
Intrinsic Renal Failure
Postrenal Failure
Critical Care Management
RENAL REPLACEMENT THERAPY

EMBRYOLOGIC DEVELOPMENT
OF THE RENAL SYSTEM

Peritoneal Dialysis
Continuous ArteriovenousNenovenous
Hemofiltration
Hemodialysis

Renal system development goes through three successive
bilateral excretory systems in the embryo: the pronephros,
the mesonephros, and the metanephros. The pronephros is
evident in the embryo in the third week of gestation and
degenerates by the fifth week. This structure has no notable
excretory function, but it is necessary because it gives rise
to the mesonephric duct?
The mesonephric nephrons are noted at approximately
the middle of the fourth week of gestation and are caudal to
the pronephros. Glomeruli and proximal tubules can be seen
in the mesonephros, which is the first functional renal unit
of the embryo? The tubules empty into the mesonephric
duct, which develops an outgrowth to form the ureteric bud.
The ureteric bud in tum leads to the development of the
metanephros, the definitive kidney. As the metanephros
begins to function, the mesonephric ducts and tubules
degenerate in females. In males, they persist and become
incorporated into the genital system. 3
Development of the metanephros begins in the fifth week
of gestation. 3 The metanephros is formed from two different
embryonic tissues. The excretory portion, including the
collecting ducts, calyces, pelvis, and ureter, develops from
the ureteric bud. The metanephric blastema gives rise to
Bowman's capsule, most of the glomerulus, and the tubules
of the nephrons. The collecting ducts and the tubules then

SUMMARY

T

he renal system is an elaborate maze of complex
functions that maintains homeostasis in the body.
Although the kidney begins as a few tubules, it eventually
develops into an intricate organ responsible for homeostatic
balance. When the renal system is not functioning appropriately, this balance is in jeopardy. Renal dysfunction that
progresses to acute renal failure (ARF) may cause complete
cessation of function.
ARF can occur as a primary disease and cause critical
illness. In the child, the cause is generally intrinsic to the
kidney and urinary tract, compared with multisystem
diseases that affect the adult. [ When ARF is present as a
primary disease, the morbidity and mortality are less than
when it is associated with additional conditions, such as
multiorgan dysfunction syndrome.
The pathogenesis of ARF is multifactorial. Because renal
function is dependent on renal blood flow, any diminution in
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Fig. 21-1 A, Sketch of lateral view of 5-week-old embryo showing primordium of the metanephros, or
permanent kidney. B to E, Sketches showing successive stages of development of the metanephric
diverticulum (fifth to eighth week) into the ureter, pelvis, calyces. and collecting tubules. Renal lobes
illustrated in E are visible in the kidneys of newborn infants. External evidence of the lobes normally
disappears by the end of the first year. (From Moore KL: Before we are born: basic embryology and birth
defects, ed 2, Philadelphia, 1985, WB Saunders, p 171.)

make connections, giving rise to an anatomically complete
microstructure by 12 to 16 weeks gestation. 4 As the tubules
are developing, they are influenced by a variety of growth
factors? Fig. 21-1 provides an overview of embryologic
development of the kidney.
By full gestation, each human kidney contains approximately 1 million nephrons in different stages of development. The maturest nephrons are found in the renal medulla,
and immature nephrons are in the outer cortex. Although
maturation of the renal system continues after birth, no
additional nephrons are formed.

MATURATIONAL FACTORS
Structure of the Renal System
The kidneys occupy a large portion of the posterior
abdominal wall as a result of the ascent and rotation of the
kidneys during gestation. They are located in the retroperitoneal space in front and on both sides of the vertebral
column. A thin fibrous capsule composed of connective
tissue, lymphatics, and blood vessels covers each kidney.
The blood vessels, lymphatics, nerves, and ureter enter or
exit the kidney in the area known as the hilum. A
cross-section of the mature kidney demonstrates an outer
area of renal cortex tbat is approximately 1 em wide and an
inner area of renal medulla that is approximately 5 em wide.
About 85% of the nephrons in each kidney are located
within the renal cortex. The remaining 15% are called the

"juxtamedullary nephrons" and are located at the junction
of the cortex and medulla. The ureters are proportionately
shorter in infancy than in adults. As renal development continues, the ureters grow to adult proportions,
and the kidney reaches adult size by adolescence. The
kidney's weight is 10 times greater at maturity than at
birth. s Fig. 21-2 demonstrates the gross structure of the
kidney.
At birth, each kidney contains approximately I million
nephrons. Although these nephrons are in varying maturational stages, each has both a tubular and vascular
component. The arcuate artery branches within the kidney
to form the afferent arterioles. Afferent .arterioles then
divide into capillary tufts called glomeruli, which protrude
into Bowman's capsule. The tubular component of the
nephron is composed of Bowman's capsule, the proximal
and distal convoluted tubules, the loop of Henle, and the
collecting ducts.

Function of the Renal System
The permanent kidney has a complete microstructure by the
fourth month of gestation; nonetheless, renal development
continues until adolescence. During this time, the immature
kidney can ensure fluid and electrolyte balance, which is
essential for growth in the developing infant; however. it is
less capable of adjusting to the stress imposed by an acute
illness. Table 21-1 summarizes the limitation of immature
renal function.
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TABLE 21-1
1""IHl(;haracteristics

-t--- Collecting duct

Gross structure of bisected kidney.

Maturational Limitations of Renal Function

l::"~'

Mechanism

~,,Inability to excrete excessive sodium

Immature tubular function

~wer serum bicarbonate concentrations
~!nability to concentrate urine

Cannot generate a sufficient concentration gradient in the inner medulla

ililiow glomerular filtration rate
~i"

iY'-

~:Decreased
~!I,

'HI!..
11t!;

'ii!

renal blood flow

Limited capacity to reabsorb bicarbonate and secrete hydrogen ions
Low perfusion pressures, decreased surface area available for filtration, glomerular
permeability, and low glomerular plasma flow
High renal vascular resistance in afferent and efferent arterioles
Low cardiac output deli vered to kidneys
Possible incomplete sympathetic innervation

The newborn kidney receives approximately 4% to 6% of
the total cardiac output because of a lower mean arterial
pressure and high renal vascular resistance. The lower
percentage of the cardiac output supplied to the newborn
kidney compares with 20% to 25% of cardiac output
supplied to the mature kidney.6 Some data suggest that the
higher vascular resistance may be a response to the
renin-angiotensin system. 6,7 In addition, a decrease in

amount or effectiveness of circulating vasodilators, such as
endothelin-derived relaxing factor, may contribute to elevated renal vascular resistance. 6,7 Elevated renal vascular
resistance may also be a response to circulating catecholamines and digitalis-like peptides. However, an abrupt
decrease in catecholamines or slow decline in digitalis-like
peptide does not provide a substantial decrease in renal
vascu lar resistance. 7 .8
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Fig. 21-3 Tubular components of the nephron. (From Whaley LF, Wong DL: Nursing care of infanrs and
children, ed 6, 51 Louis, 1999, Mosby.)

The sympathetic nervous system may also play an
important role in renal hemodynamics in infants. Sympathetic innervation may be incomplete, and most of the
adrenergic receptor sites may be of alpha type, which
produce renal vasoconstriction when stimulated. s
Normal urine output averages between 0.5 mllkg/hr in a
well-hydrated adolescent to I mIIkg/hr in the child and 2
mlIkg/hr in the infant. Although normal urine specific
gravity is between 1.005 and 1.020, infants and children
younger than 2 years may not present with high specific
gravity because of renal maturational factors.
The urine produced in the newborn's kidneys is dilute.
The limited ability to concentrate urine in the newborn is
due to short loops of Henle with reduced sodium chloride
transport, high protein anabolism, and wide peripapillary
fornices 9 ,I0 The infant cannot excrete very dilute urine in
states of overhydration and may be unable to excrete very
concentrated urine in response to dehydration.
Renal blood flow (RBF) and glomerular filtration rate
(GFR) increase with gestational age. At birth. a variable
GFR, which decreases, increases, and decreases all within
the first few hours of life, is seen. The newborn's GFR
within the first 24 hours averages 25 mllmin/I.73 m2
During the first 3 months of life, GFR increases in relation
to body size, kidney weight, and surface area of the kidney.
Factors affecting the increase in GFR are increased arterial
pressure, increased RBF, increased filtration surface area,
and increased glomerular permeability.1O GFR then in-

creases at a slower rate until it reaches adult values between
12 and 24 months of age. 6 GFR may be calculated for
children. The calculation for children ages I to 6 years is
0.55 x length (in cm)/plasma creatinine (mg %). This yields
GFR in millimeters per minute on body surface area
corrected to 1.73 m2 .
Immature tubular function results in less efficient maintenance of sodium and water balance. The decreased urinary
excretion of sodium characteristic of the first year of life is
directly related to the low GFR and high reabsorption rates
at the level of the distal segment of the tubule. lo Functions
in the distal tubules depend on the actions of aldosterone and
antidiuretic hormone. In the infant, the distal tubule is
relatively insensitive to aldosterone. Hence the infant has
limited ability to respond to sodium excess or depletion and
may experience impaired secretion of potassium and hydrogen ions. These developmental factors continue to play a
role in fluid and electrolyte balance during the first 2 years
of life and help to explain the sensitivity of infants and
young children to fluid and electrolyte alteration.
Renal function is not limited to the formation of urine but
is also responsible for a variety of other activities that
maintain the internal stability of other body systems. These
activities include the mechanisms of secretion, reabsorption,
and active transport that take place in the renal tubules
(Fig. 21-3). Secretion clears the serum of unwanted substances. Reabsorption and acti ve transport allow substances
to be returned to the serum in appropriate proportions to
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TABLE

21-2

Renal Function

~:Function
'P'-

Mechanism

l:i'Formation of urine

Secretion, reabsorption, and
active transport
Hydrogen/bicarbonate ion secretion or absorption
Alteration in circulating blood
volume, renin-angiotensin
system
Secretion of erythropoietin
Activation of vitamin D

",

!i;Acid-base
balance
!;;'
:"'Maintenance of blood
",. pressure
'i!'£rythrocyte production
F
L'Calcium and phosphorus
'" balance
IjiYasodilation or vasocon~'; striction of the renal

{~i:

,.;;

IHypovolemia I
I Hypotension I
\~_------,I
I Renal Hypoperiusion I
~

ISimulates afferent arteriole baroreceptors I
~

Ii Renin release Uuxtaglomerular apparatus) I
Angiotensinogen (liver)

I

Angiotensin

Synthesis of prostaglandins

I

I

(pUlmonary capillary bed)

vasculature

maintain nonnal blood levels. The kidneys are also responsible for the excretion of foreign substances and byproducts
of metabolism, including urea, toxins, and medications. J I
Table 21-2 summarizes these functions.
Acid-base balance is regulated by the kidneys, lungs, and
chemical buffering systems. The kidney selectively secretes
or absorbs hydrogen and bicarbonate ions to maintain the
serum pH within nonnal range. Renal regulation of acidbase balance in the immature kidney has certain quantitative
differences. Though able to maintain a nonnal balance,
serum pH and bicarbonate levels are generally lower
because of low renal threshold for bicarbonate. lO Under
normal conditions the immature kidney is able to maintain
acid-base homeostasis, but when challenged with excess
acid, the immature kidney is unable to clear it efficiently
because of finite availability of urinary buffers. 10
The kidneys maintain blood pressure by both direct and
indirect means. This is accomplished by altering the circulating blood volume and activating the renin-angiotensin
system. The outcome of renin-angiotensin system activation
is contraction of vascular smooth muscle and aldosterone
secretion, which results in renal tubular reabsorption of
sodium and water (Fig. 21-4).
The kidney secretes erythropoietin, which stimulates
bone marrow to produce erythrocytes. Erythropoietin is
released in response to decreased oxygen delivery to the
kidneys resulting from low hematocrit or oxygen tension.
Several factors, including vitamin D 3 and parathyroid
honnone (PTH), regulate calcium metabolism. Vitamin D 3
is an essential cofactor for PTH in both bone and kidney.
After vitamin D 3 is absorbed by the jejunum and ileum, it
must be metabolized into its active fonn first by the liver and
then by the kidney. In its acti ve fonn, vitamin D 3 promotes
intestinal absorption of calcium and stimulates bone reabsorption of calcium. In the absence of vitamin D 3 , hypocalcemia and disturbances in bone mineralization occur.
Serum calcium and phosphate levels share an inverse
relationship (i.e., when serum calcium levels rise, serum
phosphate levels decline and vice versa). The interrelationship of calcium phosphate is progressively disrupted
during ARE When the GFR decreases, phosphate is
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Fig. 21-4

retained by the kidneys. Phosphate retention decreases
serum calcium levels. The azotemic state also interferes
with vitamin D activation by the kidneys, which is
necessary for intestinal absorption of calcium. Both factors
contribute to hypocalcemia.
The nephron also synthesizes prostaglandins, which are
important in the maintenance of RBF and glomerular
perfusion during changes in renal vascular resistance.
Vasodilation results in an increase in blood flow and GFR,
whereas the opposite occurs during vasoconstriction.

ACUTE RENAL FAILURE
ARF is the abrupt cessation of kidney function with or
without oliguria, resulting in fluid and waste product
accumulation. Traditionally, ARF has been divided into
three categories: prerenal, renal, and postrenal failure. These
categories are based on the site of the abnonnality thought
to be causing the renal insufficiency (Fig. 21-5).

Prerenal Failure
Pathogenesis. Prerenal failure is due to renal hypoperfusion from inadequate preload or heart failure (Table
21-3). There is no structural defect in the kidney itself.
Prerenal dysfunction can lead to decreased RBF, GFR, and
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OLIGURIA/AZOTEMIA
I

SUSPECT ARF
I

Obtain:

Clinical history
Physical examination
Biochemical profile
Urinalysis
Urinary indices
I

I

Diarrhea/vomiting/bleeding
Hypotension/low cardiac output
Unimpressive urinalysis
BUN/creat>20
Uosmol>500
FE Na <1%

j

I

Fluid overload
Hypertension
Drugs/chemotherapy
Multisystem involvement
Abnormal blood smear
Pigmenturia
"Active" urine sediment
Uosmol<350
FE Na >2%

+

Suspect Intrinsic Renal
ARF

Suspect Prerenal
ARF

•

Rehydration
Transfusion

'Of::

DIURESIS

PERSISTENT
URIA

~ OLr

Trial of diuretics/
dopamine
RECOVERY

+ ------'
Oliguria

•

Imaging studies
Renal biopsy

History of UTI
History of stones
Poor urinary stream
Full bladder
•ARF unexplained by
clinical/historical
findings

1

,

Suspect Postrenal
ARF
Catheterize the patient
Imaging studies

~

Maintain fluid balance
Electrolyte correction
Optimal nutritional support

RECOV~RY\

SURGICAL
CORRECTION

Significant fluid overload
CHF/pulmonary edema
Uncontrolled metabolic
acidosis/hyperkalemia
Uremia/hypercatabolism

•

DIALYSIS
SCUF

Fig. 21-5 Suggested approach to basic diagnostic and therapeutic management of acute renal failure
(ARF) in infants and children. BUN. Blood urea nitrogen; Uosmob urine osmolality; UTI. urinary tract
infection; FEN". fractional excretion of sodium; SCUF, slow continuous ultrafiltration. (From Ongkingco
JRC, Block GH: Diagnosis and management of acute renal failure in the critical care unit. In Holbrook PR:
Textbook of pediatric cri/ical care. Philadelphia, 1993, WB Saunders, p 592.)

ltI

TABLE

21·3

Causes of Prerenal Oliguria

liJ1AItered Cardiac Performance

Vasodilation

Altered Vascular Volume

Altered Blood Supply to the Kidney

!iiCardiogenic shock
~[jCongestive heart failure
WiCongenital heart disease
~". Postoperative myocardial
;-;'r··
';'
dysfunction

Septic shock
Anaphylaxis
Allergic
Transfusion
Vasodilating agents
Drug overdose
Liver failure

Intravascular volume loss
Hemorrhage
Third space
Edema
Peritonitis
Burns
Gastrointestinal loss
Vomiting
Diarrhea
Renal Losses
Excessive diuresis
Pancreatitis
Dermal losses

Surgical
Cardiac bypass
Aortic cross clamp
Umbilical arterial catheter displacement
Renal artery thrombosis

L

~:tlysrhythmias

!cardiomyopathy
[i'Myocarditis
1]cardiac tamponade
Jl,Positive pressure ventilation
[•. Pulmonary embolism
!f'
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urine output. Oliguria is a compensatory mechanism intended to restore intravascular volume when tissue perfusion is inadequate through conservation of sodium and
water. Venous return is increased, and tissue perfusion to
major organ systems may be improved.
The physiologic responses of the kidney to reduced blood
flow depend on the integrity of several intrarenal and
extrarenal mechanisms. Autoregulation is an intrarenal
mechanism by which the kidney can locally readjust its
vascular resistance and regulate blood flow. 12 By varying
arteriolar resistance, autoregulation allows organs to regulate blood flow in proportion to metabolic demand and
maintain a constant blood flow over a wide range of
perfusion pressures.
Autoregulation in the kidney is designed to maintain a
relatively constant RBF in the face of changing blood
pressure and renal perfusion pressure (RPP). Autoregulation
functions independently of humoral and neurogenic factors
and keeps RBF in a remarkably narrow range under normal
physiologic conditions. 12 To maintain a relatively constant
GFR, afferent arteriolar resistance varies in direct proportion to systemic pressure. Systemic hypotension is accompanied by afferent arteriolar vasodilation, which reduces
renal vascular resistance and improves RBF. This is an
initial short response, followed by vasoconstriction. Blood
is then shunted away from the renal cortex to the juxtamedullary nephrons. This results in tubular reabsorption of
water, sodium, and urea. 13 With significant vasoconstriction,
the kidney will shunt blood to the most vital organs (brain
and heart), which can be lifesaving in a patient with shock. 13
If delivery of oxygen to the kidney remains impaired after
compensatory mechanisms are applied, the patient is at risk
for acute tubular necrosis (ATN) of the kidney. Because
arterioles are present at either end of the glomerulus,
constriction or dilation of these arterioles alters the perfusion pressure through the glomerular capillaries and regulates glomerular filtration. Changes in GFR ultimately affect
the volume and content of the final urine product.
The extrarenal mechanisms that affect renal function
include alterations in cardiac output, systemic vascular tone,
antidiuretic hormone, corresponding distribution of systemic blood flow, and systemic blood pressure. The importance of the interplay of both intrarenal and extrarenal
factors is evident during the physiologic response of the
kidney to an acute episode of volume depletion or myocardial dysfunction. For example, a sudden reduction in renal
perfusion activates the renin-angiotensin system to normalize renal perfusion and maintain GFR (see Fig. 21-4). The
release of renin from the macula densa acts extrarenally to
increase systemic vascular resistance and improve systemic
blood pressure. In addition, renin stimulates the adrenal
cortex to release aldosterone, which acts to increase tubular
reabsorption of sodium followed by water. These responses
also serve to normalize renal perfusion, thereby maintaining
the GFR.
Primary or secondary renal vascular disease may cause a
partial or complete obstruction to blood flow, resulting in
renal ischemia. In infants, examples of obstruction leading
to ischemia include venous and arterial vein thrombosis.
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Umbilical venous catheters may lead to renal vein thrombosis, manifested by hematuria, proteinuria, or renal failure.
Renal artery thrombosis is more likely to present with
hypertension. Renal failure in either case is rare unless the
patient has a solitary kidney. Bilateral renal vein occlusion,
a more common vascular lesion in infants, has been
associated with asphyxia and congenital heart disease. 14
If compromised renal perfusion persists, the capacity of
the intrarenal and extrarenal mechanisms to maintain
homeostasis is jeopardized. Urine production decreases, and
azotemia may occur. If systemic pressure and volume are
not restored after a finite period, true, fixed intrinsic renal
failure ensues. Early detection of the subtle signs and
symptoms of intrinsic renal failure is crucial to facilitate
appropriate management to preserve renal function.
Clinical Presentation. Renal failure can be oliguric
or nonoliguric. Nonoliguric ARF describes renal dysfunction associated with a normal or excessi ve urine volume.
The key to early recognition is to be alert for signs of
decreased or increased urine volume in relation to overall
fluid balance. Acid-base disturbances may be detected early
in patients with prerenal failure. An unexplained metabolic
acidosis is a sign of decreased tissue perfusion, including
renal perfusion.
The diagnosis of renal failure is based on the presence of
azotemia. Serum blood urea nitrogen (BUN) and creatinine
levels provide an index of glomerular filtration. Both of
these substances are nitrogenous end products of protein
metabolism normally excreted in urine. As GFR decreases,
BUN and creatinine levels increase. In isolation, BUN is not
a reliable indicator of renal function because the level may
be affected by factors other than nitrogen excretion by the
kidney. Extrarenal factors that affect BUN concentration are
listed in Table 21-4. Creatinine is an end product of muscle
metabolism, which is excreted and eliminated at a constant
rate. Serum creatinine is relatively unaffected by extrarenal
factors and, therefore, is a more reliable indicator of
glomerular function. Because the level of serum creatinine
is a function of muscle mass, it is affected by age, muscle
mass, and body build. 15 In the face of decreased tubular
flow, a greater percentage of urea is reabsorbed into the
circulatory system, producing a significant elevation in
serum BUN. In the same circumstance, creatinine levels are
usually only slightly elevated. The serum BUN/creatinine
ratio may also help to differentiate prerenal from intrinsic
renal failure (Table 21-5).
Other laboratory values used to differentiate prerenal
failure from intrinsic renal failure include measuring tubular
reabsorption of sodium and water. Unlike the kidney with
parenchymal damage, the underperfused but functionally
intact kidney has the capability to actively reabsorb sodium
as a compensatory response to hypovolemia. When evaluating a patient with ARF, the single most informative
laboratory test is the fractional excretion of sodium (FE Na).
The FE Nu is calculated as follows:
(FEN.)

= (Urine [Na]lPlasma [Na])/(Urine [Crl/Plasma [Cr]) X 100

In patients with prerenal azotemia, the FEN. is usually less
than I%, and in patients with ATN, it is generally greater
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than I %. These levels may be altered by the administration
of diuretics. Loop diuretics inhibit the reabsorption of
sodium at the proximal tubule, which improves solute
excretion in the urine.
Reabsorption of water also requires a functionally intact
renal tubule. Measurement of urine specific gravity is a
simple and readily available procedure. A urine specific
gravity over 1.020 strongly suggests prerenal failure. The
increased concentration of urine indicates decreased RBF
and functioning compensatory mechanisms intended to
preserve circulating volume.
Chemical testing of the urine has been simplified by the
introduction of multiple dipstick tests that detect substances

TABLE 21-4· Extrarenal Factors That Affect"
BUN and Creatinine Levels

such as glucose, bilirubin, pH, protein, blood, and ketones
on a single impregnated paper strip. Dipstick tests can be
done quickly and accurately to gather information about the
capacity of the kidneys to maintain homeostasis during an
acute illness.
Emergent Management. Assessment and intervention to attenuate renal parenchymal damage are dependent
on recognizing high-risk situations that are associated with
prerenal failure. Those conditions that alter fluid volume
status and cardiac performance place patients at particular
risk. Patient outcome depends on early diagnosis and
management of inadequate renal perfusion and avoidance or
careful monitoring of patient response to nephrotoxic agents
listed in Box 21-1. Prompt evaluation and possible discontinuation of both nephrotoxic agents and supplemental
potassium may be warranted.
The first step in managing an oliguric patient is to assess
and ensure the adequacy of intravascular volume. On
physical examination, dry mucous membranes, tachycardia,

Blood Urea Nitrogen
~-

m·...
11;~ncreasedb y:
!i,!H:ypercatabolic states (e.g., fever,
f~;;

sepsis)

Wi.GI hemorrhage
~;.[>ehydration/intravenous

~ii~gh protein diet

depletion

Decreased by:
Liver disease
Hypometabolic state
Hyperlipidemia
Low protein diet
High caloric diet

~;Starvation

l.iMedications (i.e., corticosteroids,
tetracyclines)
TI~'lQW
urine flow rate
.;;;"

Ii
L·

~

. .
Box 21·1

Nephrotoxic Agents

Antibiotics

Other

Penicillins
Sulfonamides
Cephalosporins
Gentamicin

Heavy metals: lead, mercury,
iron, copper, gold
Organic solvents: carbon tetrachloride turpentine, ethylene
glycol
Amphotericin B

Diuretics

Creatinine
~i.lncreased by:
.Uj)ehydration
iiRiJabdomyolysis
lliFephalosporins
ij:,l..arge muscle mass

.

Decreased by:
Loss of muscle mass
Bums
Hyperlipidemia

!h

liiJJUN. Blood urea nitrogen; Gl. gastrointestinal.

Furosemide
Mannitol
Hyperuricemic Agents

Radiographic contrast agents
Antineoplastic agents
Salicylates

;t~ ri

TABLE 21-5

Laboratory Values That Differentiate Causes of Oliguria

ii~i1boratory Test

Normal

Prerenal Failure

Renal Failure

1.015-1.022
50-1500 mOsmIL
(infant: 50-650)
40-80 mEqlL

>1.020
>500

<1.010
<400

<10 mEqlL

>30 mEqlL
(infant >25)
<20-40 mEq/L
<70 mg/dl
<20 (infant < I 0)
<400
<6
<10: 1
>2%

1::

1<i

IlI.Urine specific gravity
WitJrine osmolality
iiYL

~I..Urine sodium
41'

t.
lii:Urine
[i;:tJrine
i.itJrine
~l;Yrine
l;;urine

potassium
creatinine
creatinine/plasma ratio
urea

urea: plasma ratio
~i.§erum BUN/creatinine ratio
iiiFENA (fractional excretion of filtered
il·"
sodi urn)
i"'·
4.

40-80 mEqlL

i i lBUN. Blood urea nitrogen.

10:1-15:1
<1%

30-70 mEqlL
>100 mg/dl
>30
>2000
>14
>20: I
<1%
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hypotension, a sunken fontanelle, absence of tears, and
decreased urine volume indicate hypovolemia. Ongoing
assessment includes direct physical examination, as well as
monitoring hemodynamic variables that reflect volume
status.
Restoration of intravascular volume is the priority if
hypovolemia is detected, to ensure adequate cardiac output
regardless of whether renal damage has occurred. Except in
the presence of hypervolemia, a 10 to 20 ml/kg fluid
challenge, using any volume expander, is administered.
Unless the patient is in congestive heart failure, the fluid
bolus is repeated, followed by diuretics. After each intervention, the fluid volume status is evaluated. 13 Diuretics can
help distinguish prerenal from fixed renal failure and can
convert an oliguric to a nonoliguric state. Diuretics may also
be useful in restoring and maintaining normal water and
electrolyte balance and preventing further renal damage.
The desired outcome is to restore circulating blood volume
and increase urinary output.
Recovery from prerenal failure depends on astute nursing
care focused to attenuate the progression of irreversible
renal damage. Outcome is not only related to the underlying
cause of renal failure and extent of other organ system
damage but also to the ability of healthcare providers to
recognize patients at risk and intervene effectively.
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fraction remains nom1al, and tubular function is preserved.
Decreased filtration, in conjunction with usual oral intake,
results in retention of fluid and solute. Edema and hypertension are due to vascular and interstitial volume expansion. If solute filtration is significantly decreased, azotemia
with acidemia, hyperkalemia, and hyperphosphatemia become prominent. 16 Most children are not usually critically
ill and recover completely following treatment.
Hemolytic uremic syndrome (HUS) is a syndrome of
microangiopathic hemolytic anemia with multiorgan involvement. The pathologic state results from endothelial
injury and microvascular thrombosis with glomerular injury,
ARF, and, at times, cortical necrosis. 17 HUS is discussed in
more detail in Chapter 24.
Drug-induced nephritis is a common cause of ARF and
often has systemic manifestations of an allergic process. It
was first described in association with methicillin and has
also been described in relation to use of penicillins,
cephalosporins, sulfonamides, allopurinol, cimetidine, ciprofloxacin, and nonsteroidal antiinflammatory medications.
The clinical diagnosis can be suspected in the presence of
fever, rash, urine sediment revealing red cells and white
casts, acute rise in creatinine level temporally related to a
medication or infection, eosinophilia, mild proteinuria, and
signs of tubular dysfunction. However, cases have been

Intrinsic Renal Failure
Pathogenesis. Intrinsic renal failure refers to numerous conditions or primary physiologic events that produce
renal parenchymal damage involving the glomerulus or
tubular epithelium. Direct injury to the renal parenchyma
also can be caused by episodes of acute hypoperfusion or
adverse reactions to nephrotoxic agents.
Manifested by proteinuria and/or hematuria, intrinsic
renal failure may occur after extensive injury to the
glomerular capillary wall. Although the lesion is primarily
glomerular, entire nephrons can be destroyed, leading to
chronic renal failure. The most common causes of intrinsic
oliguria in the pediatric population are listed in Box 21-2.
More than 50% of cases of intrinsic renal failure in children
are the result of acute glomerulonephritis, hemolytic uremic
syndrome, and drug-induced nephritis.
Acute poststreptococcal glomerulonephritis (APSGN)
can occur sporadically, which is more common, or in
epidemics. It occurs most often in children of preschool and
early school-age years. Less than 5% of cases are seen in
children under 2 years of age, and 5% to 10% occur in adults
older than 40 years. 16 Twenty percent of asymptomatic
school children are carriers of streptococci. Though APSGN
may be seen without the usual prodromal illness, pharyngitis
and pyoderma are common antecedents to APSGN. 16
Treatment of the prodromal illness does not appear to
prevent APSGN but may prevent a rise in titers of
streptococcal-related antibodies.
The major physiologic disturbance of APSGN is reduced
GFR caused by decreased glomerular filtration surface from
both infiltration by inflammatory cells and decreased
basement membrane permeability. RBF is also decreased,
usually in proportion to the decreased GFR. The filtration
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Box 21-2

Causes of Intrinsic Renal Failure

Immune-Related
Glomerulonephritis
Systemic lupus erythematosus

Vascular
Hemolytic-uremic syndrome
Renal vein artery thrombosis
Disseminated intravascular coagulation
Thrombotic thrombocytopenia purpura

Interstitial Nephritis
Infectious
Drug-related
Malignant

Renal Trauma
Nephrotoxins
Endogenous
Transfusion reaction
Cytotoxic therapy
Tumor lysis
Exogenous
Anesthetic agents
Heavy metals
Organic solvents
Antibiotics
Pesticides
Radiographic contrast agents
Hyperalimentation
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described, especially with nonsteroidal medication use, in
which most of these symptoms are absent or variable.
Indications for biopsy include uncertainty of diagnosis,
advanced renal failure, or lack of spontaneous recovery after
cessation of medication administration. Acute interstitial
nephritis (AIN) is not medication dose dependent, and its
onset may occur from 3 to 5 days to weeks or months after
initiation of drug therapy. Major histologic findings on renal
biopsy include interstitial edema and interstitial infiltrates of
T lymphocytes and monocytes. Sometimes, eosinophils and
neutrophils with minimal changes in the glomeruli may be
seen. When infection is responsible for AIN, neutrophils are
present in large numbers. IR
The term acute tubular necrosis (ATN) is commonly
applied to nephrotoxic and ischemic renal injuries that
damage the tubular epithelium. Two types of histologic
changes are commonly observed in ATN: necrosis of the
tubular epithelium leaving the basement membrane intact,
commonly resulting from the ingestion of nephrotoxic
agents, and necrosis of the tubular epithelium and basement
membrane, commonly associated with renal ischemia.
Nephrotoxic injury can also be produced by chemical agents
that directly impair renal cell function, participate in
immune or inflammatory reactions, or aggravate an underlying renal disorder (see Box 21-2).
Ischemic injuries resulting in ATN occur during an acute
period of renal hypoperfusion. If ischemia persists, irreversible renal damage occurs. The amount of renal cell damage
depends on the length of the ischemic episode. It has been
reported that an ischemic time of 30 minutes or less to the
kidney may be well tolerated. In low perfusion states, the
autoregulatory properties of the afferent and efferent arterioles of the glomerulus become impaired. The pathologic
change produced by renal ischemia is destruction of the
tubular epithelium and basement membrane or cortical
necrosis. Early responses to ischemia are found in the brush
border of the proximal tubule. Even mild ischemia lasting
10 minutes can cause sloughing of the brush border and
changes in the proximal tubular histology. In more prolonged periods of ischemia, these changes progress to lethal
injury to cells and disruption of the basement membrane. 14
When the basement membrane is destroyed, epithelial
regeneration occurs in a random haphazard manner, often
leading to obstruction of the nephron at the site of necrosis.
Prognosis is therefore dependent on the extent of necrosis.
The mechanisms that lead to a decrease in GFR and
associated oliguria in patients with ATN have not been
clearly defined. Tubular backleak and obstruction theories
have been proposed to explain the oliguria associated with
ATN. The tubular backleak hypothesis proposes that glomerular filtration continues normally but tubular fluid
"leaks back" from the damaged tubular cells into the renal
interstitium rather than being excreted as urine. The tubular
obstruction theory proposes that ATN leads to the desquamation of necrotic tubular cells and formation of brush
border debris, which occludes the tubule lumina and
produce obstruction. 14 Cellular swelling as a result of the
initial ischemia may also contribute to obstruction and
perpetuate the ischemia. Intratubular pressure increases so

that net glomerular filtration pressure is reduced. Tubular
obstruction may be an important factor in ATN when
prolonged ischemia or ingestion of heavy metals or ethylene
glycol occurs.
Clinical Presentation. Infants and children withATN
often present with abrupt-onset oliguria or anuria. It is
important to recognize the onset of oliguria and differentiate
the cause leading to ATN from prerenal, intrinsic, and
postrenal disorders that may cause oliguria. Three phases
characterize the clinical course of ATN: oliguria, diuresis,
and recovery.
After exposure to a nephrotoxic agent or following an
ischemic event, oliguric ATN may develop immediately or
several days after renal cell damage occurs. This phase is
most often characterized by abrupt reduction in urine
production that continues for 24 to 48 hours, though this
may vary. During the oliguric phase, serum BUN and
creatinine levels rise. Other significant laboratory data
resulting from tubular dysfunction and inability to concentrate urine include urine specific gravity less than l.0 18, low
urine osmolality, and urine sodium greater than 10 mEqlL.
Potential complications during the oliguric phase include
hypervolemia causing congestive heart failure or pulmonary
edema; electrolyte imbalances, particularly hyponatremia
and hyperkalemia; and acid-base disturbances.
The diuretic phase of ATN usually lasts 5 to 7 days. Early
in the diuretic phase, urea clearance does not keep pace with
endogenous urea production despite more than adequate
urine output. BUN continues to rise. Later in the diuretic
phase, BUN decreases, and azotemia eventually disappears.
Because glomerular filtration and subsequent production of
urine is the first mechanism to recover, total body fluid and
electrolytes may be depleted if replacement is inadequate.
To achieve the goal of normovolemia with electrolyte and
acid-base balance, astute monitoring is essential. Tubular
reabsorption returns next and contributes significantly to the
overall improvement in renal function.
The recovery phase from ATN in infants and children is
usually longer than in adults; 2 to 4 months may elapse
before normal renal function returns. BUN and urine
laboratory values gradually return to normal, reflecting a
progressive restoration of GFR and tubular function. The
level of recovery is variable, especially if preexisting
medical problems or renal insufficiency are present. Some
patients may be left with some residual renal impairment,
such as a permanent decrease in renal function or a urine
concentrating defect. The primary cause of death during the
recovery phase is infection or complications related to the
primary illness that initially compromised renal function.
Nonoliguric ATN, increased urine output with elevated
BUN and creatinine levels, is commonly associated with
nephrotoxic agents, asphyxia, respiratory distress, and
congential anomalies in the newborn. Compared with
patients with oliguric ATN, patients with nonoliguric renal
failure have lower overall mortality rate. '4 Nonoliguria
facilitates fluid and nutritional management of ARE
Emergent Management. Currently, no therapy is
known to modify the course of intrinsic renal failure.
Management strategies for ATN are aimed at improving
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renal perfusion and removing the cause of the disease by
discontinuing the nephrotoxic medications. Some innovative medical therapies have been evaluated for reversal of
ATN, but none have proven effective in controlled human
studies. Therapy for non-ATN intrarenal failure may involve
steroids or other immunomodulating agents. To date, the
mainstay of therapy is supportive care and control of
complications during renal compromise. 19

Postrenal Failure
Pathogenesis. Postrenal oliguria results from an anatomic obstruction of the urinary tract and is uncommon in
children. Box 21-3 outlines the causes of postrenal oliguria,
which may result from obstruction of any portion of the
urinary system. Most urinary obstruction in children is the
result of a congenital problem. Obstruction increases
intratubular pressure and leads to a reduction in RBF and
GFR that is manifested by a decrease in urinary output.
Oliguria will not occur from unilateral obstruction unless
the contralateral kidney is absent or nonfunctional. In
children, especially infants, who present with oliguria alone,
the first consideration is to determine that the major
anatomic components of the renal system (arteries, veins,
ureters, and bladder outlet) are intact.
Anomalies in the urinary collecting system may restrict
urinary flow from the bladder. Urinary reflux can ultimately
increase hydrostatic pressure in the collecting ducts and
renal tubules. When hydrostatic pressure in Bowman's
capsule increases, GFR decreases, tubular reabsorption is
enhanced, and oliguria or anuria develops. Eventually, renal
insufficiency results from tissue atrophy.
Bilateral anatomic obstruction occurs more often in male
infants than in females because of congeni tal posterior
ureteral valves and/or urethral strictures. Postrenal oliguria
may occur in older infants who have an undiagnosed solitary
kidney that becomes acutely obstructed. The obstruction
may be the result of an anatomic abnormality or an acquired
intraluminal lesion, such as renal calculi, blood clot,
inflammation, and edema. Extrinsic compression of the
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urethral outflow tract by lesions such as periurethral abscess,
trauma, Wilms' tumor, or a neuroblastoma are rare but must
be suspected in any patient with acute bilateral obstruction.
Clinical Presentation. The infrequent occurrence of
obstructive uropathy in the critical care setting does not
diminish its importance because early diagnosis and correction can avert permanent parenchymal damage. Diagnostic
imaging techniq ues are used to determine the cause.
Children with postrenal oliguria often present with abdominal or flank pain. A palpable mass may suggest an
obstructed urinary system, although a mass may be associated with other causes of ARF, such as renal vein thrombosis
or polycystic kidney disease. A renal mass associated with a
palpable bladder, palpably enlarged kidneys, or abnormal
urinary stream in a male may suggest urinary tract
obstruction from posterior ureteral valves. 2o Young children
may be completely asymptomatic except for failure to
thrive. Analysis of urinary sediment associated with obstruction is usually normal unless a coexisting infection exists.
Ultrasonography can demonstrate bladder thickening, hydronephrosis, dilation of the posterior urethra, and posterior
urethral valves. The diagnosis is made by voiding cystourethrography. which delineates the val ves and confirms
findings necessary for surgical intervention.
Several invasive radiographic and urodynamic studies
can be used to assess the function of the renal system
through the detection of disturbances in voiding patterns and
structural defects. These include intravenous pyelography
(IVP), voiding cystourethrography (VCUG), renal angiography, and renal scan.
Emergent Management. The goal of treatment is
decompression of the urinary collecting system by removal
of the obstruction or by urinary diversion. Relief of the
obstruction may result in a marked increase in urine
formation because of increased REF and improved tubular
function. Immediate success of ablative therapy of the
obstruction can be demonstrated on VCUG, but resolution
of hydroureteronephrosis and reflux generally takes longer.
Periodic follow-up is required to detect delayed obstruction
caused by stricture or loss of bladder tone. 16

Critical Care Management
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Box 21-3

Postrenal Causes of Oliguria

Ureteral

Intrinsic
Stones
Blood clot
Ureteropelvic stenosis
Bladder

Blood clots
Neurogenic bladder
Urethral

Posterior urethral valves
Urethral stricture

Extrinsic
Tomor
Sorgical ligation
Radiation injury

As outlined in Table 21-6, altered renal function affects all
body systems. Clinical presentation depends on the length
and acuity of the disease process.
Maintenance of Intravascular Volume. During
ARF the regulatory factors that control intravascular volume
status may be inadequate. The primary goal in fluid
management in ARF is to achieve and maintain normal
intravascular fluid volume. Because children with ARF have
a spectrum of volume disorders, initial and ongoing
estimation of fluid status is important. This is monitored by
accurate intake and output assessment, weights, vital signs,
capillary refill, central venous pressure monitoring, and
presence of edema. Laboratory data including serum sodium
and FEN" also help determine fluid volume status.
Children with ARF and decreased intravascular volume,
despite an oliguric or anuric state, require prompt fluid
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21·6 Management Priorities
During Acute Renal Failure

TABLE

tlteration

~.: 'i

i

.• '.•.'..,. travascular

volume status
ii, .ectrolyte balance

iJ~remia

~~;!I\cid-base balance
di1'lutritional status
Elinmune function
iliAnemia, thrombocytopenia

i}.~

:~espiratory

:. ardiovascular
",

Consequence
Hyper- or hypovolemia
manifested
Abnormal K. Na. Ca, Mg,
Phos levels
Uremic syndrome
Metabolic acidosis
Malnutrition
Infection
Disruption in oxygen delivery,
coagulation
Pulmonary edema
Dysrhythmias, hypertension

resuscitation. A delay in therapy jeopardizes renal function
recovery, as well as other functions of major organs.
Conversely, ARF associated with volume overload requires
fluid restriction and diuretics. Hypervolemia is a common
manifestation of ARE Hypertension may result from the
increase in circulating volume and interplay of the reninangiotensin system.
Deteriorating renal function may also result in excessive
urinary output. Management strategies such as restricted
fluid intake and diuretic therapy contribute to a fluid volume
deficit. As a consequence, cardiac output and tissue perfusion may be impaired.
Maintenance fluid requirements are adjusted to the
evolving needs of the patient. Daily total output determines
intake. Daily intake includes oral and parenteral fluids.
blood products, and medications. Often overlooked intake
can include fluid for catheter or medication flushes and
endotracheal tube lavage with suctioning. This intake can
equal as much as 12 mUkg/day of fluid intake and as much
as 2.4 mEq/kg/day of sodium. 14
Daily output is the sum of urine output and insensible
losses, which include gastrointestinal, respiratory, and
evaporative losses. Other factors that influence precise
calculation of fluid needs include the humidity and temperature of the environment and the use of phototherapy,
warming devices, and mechanical ventilation. Sensible fluid
output includes urine, stools, emesis, tube drainage, ostomy
output, and fistula output. Insensible water output equals
approximately 750 mIlm1/day. Net insensible water loss is
approximately equal to one third of calculated maintenance
rate. Patients receiving humidified air have less insensible
losses; those with bums, tachypnea, or receiving thermal
warming therapy have higher losses. Fever increases a
patient's insensible water losses by 12.5% per degree
Celsius (C) above normal. 14 Although fluid balance can be
calculated and is monitored closely, ongoing assessment of
tissue perfusion is the best indicator of adequate intravascular volume.
Maintenance of Electrolyte Balance. Electrolyte
disturbances commonly occur during the course of ARF.

Alterations are related to changes in volume status and the
inability of the kidneys to regulate electrolyte balance.
Because the kidneys are responsible for 90% of potassium
excretion, hyperkalemia is a major life-threatening complication of ARF. The catabolic state of the patient further
elevates serum potassium. Because of the potentially lethal
nature of hyperkalemia, patients at risk require ongoing
assessment of laboratory values along with cardiac rhythm
assessment (see Chapter 12).
Attention must be given to the administration of
potassium-containing intravenous fluid, medications (aqueous penicillin G contains 1.7 mEq potassium per I
million units) and cold stored blood (blood stored for
10 days can contain up to 30 mEqlL of potassium).
Endogenously produced potassium in clinical states of
trauma, bums, and tumor lysis syndrome can increase serum
potassium.
Sodium imbalance is also prevalent in ARE Most
commonly, hyponatremia is iatrogenic, induced from overestimation of free water needs and inability to diurese excess
free water. Important to consider is the variability in the
amount of sodium excreted by the kidney. Induced diuresis
or the diuretic phase of nonoliguric renal failure can
significantly increase urine sodium loss.
Ongoing monitoring of serum sodium levels and urine
sodium excretion determines the appropriate type and
volume of fluid intake. Hyponatremia may deleteriously
affect the clinical status and prognosis of the patient with
ARE Serum sodium levels of 130 mEqlL or less indicate a
need for further fluid restriction. In a patient with a serum
sodium level of 120 mEqlL or less who is not responding to
fluid restriction or experiencing mental status changes, 3%
sodium chloride administration (513 mEqlL) is considered.
The calculation is for infusing 3% sodium chloride is as
follows:
mEq of Na

= (125 -

observed Na) x kg body weight x 0.6

Three percent sodium chloride is administered slowly
over 2 to 4 hours. An estimate of 12 ml/kg of 3% sodium
chloride will increase the serum sodium concentration by
10 mEqlL. 14
Hypocalcemia and hyperphosphatemia are additional
electrolyte disturbances that occur rapidly in ARE Phosphate levels increase because of the limited ability of the
kidney to excrete phosphate. This response occurs simultaneously with catabolic increases in phosphate released from
tissue. Hypocalcemia in ARF has multiple causes, including
hyperphosphatemia, vitamin 0 3 deficiency, and hypoalbuminemia. Ionized calcium levels must be monitored to
evaluate the unbound form of calcium, which determines
physiologic activity.
Parenteral or enteral calcium replacement therapy is
more efficient if hyperphosphatemia is managed first.
Elevated plasma phosphate concentrations result in the
precipitation of calcium phosphate in bone and soft tissues.
Reduction of the serum phosphate level is accomplished by
diminishing the absorption of phosphorus in the gastrointestinal tract. This usually results in an increase in the serum
calcium level. Limiting the intake of parenteral and enteral
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21-1 Daily Nutrient Intake Recommendations for the Child With Acute Renal Failure
Not Requiring Dialysis

TABLE

H1;.:'

~ge

I.,

m;:Energy (kcallkg)
'irrotein* (g/kg)

0-0.5 yr

0.5-1 yr

1-3 yr

4-6 yr

7-10 yr

11·18yr

~108

~8

2.2

1.6

102
1.2

90
1.2

70
1.0

40-55
0.9-1.0

ill""
..
~:From

Mendley SR, Langman CB: Acute renal failure in the pediatric patient. Adv Renal Replace Ther 4:96. 1997.
[t':~Once dialysis is initiated, increase the protein intake by -50%.
¥JV

sources of phosphate requires a thorough review of phosphorus content in all sources of intake.
Magnesium is another electrolyte that is affected by ARE
Commonly, patients with ARF have mild, asymptomatic
hypermagnesemia. Higher levels may be seen with injudicious use of magnesium-containing laxatives or antacids.
Hypomagnesemia can occur in patients with renal tubular
damage from nephrotoxic agents. Generally, this hypomagnesemia is asymptomatic, but if severe, it will result in
neuromuscular effects such as cramps, cardiac arrhythmias,
and seizures. 21
Maintenance of Acid-Base Balance. Impairment
of renal function results in the disturbance of acid-base
homeostasis. Metabolic acidosis is the predominant finding.
Renal tubular dysfunction results in the inability to reabsorb
filtered bicarbonate or regenerate bicarbonate used to buffer
the daily acid load 2J In a healthy person, dietary protein
metabolism results in daily generation of approximately I
mEq of fixed, nonvolatile acids per kilogram of body
weight. In ARF, inability to clear acids results in metabolic
acidosis. In uncomplicated ARF, the serum bicarbonate falls
by about I to 2 mEq!L/day. In hypercatabolic states, this
level can fall much faster. 21 The mild acidosis that
accompanies this isolated disturbance is compensated for by
the respiratory system. Disturbances in normal cellular
metabolism, caused by hypoxemia or altered tissue perfusion, result in anaerobic metabolism and lactic acid production. Other conditions such as ethylene glycol intoxication,
certain inborn errors of metabolism, diabetic ketoacidosis,
or the administration of medications may overwhelm renal
excretory capacity and worsen metabolic acidosis.
Before initiating treatment for metabolic acidosis, the
patient's ability to compensate for the imbalance is considered. Bicarbonate levels of 10 to 13 mEq!L may be managed
with administration of intravenous sodium bicarbonate.
Before administration, the clinical condition, including
current respiratory mechanisms and the potential effect of
sodium and volume bolus, must be evaluated. Severe
acidosis, particularly in an oliguric patient with fluid
overload, may prohibit administration of intravenous bicarbonate and may require emergent dialysis. 21
Maintenance of Respiratory Status. Complications of the respiratory system in children with ARF most
commonly are due to fluid retention with oliguria. This
condition may be demonstrated as pulmonary edema or
infection. Acute respiratory distress syndrome (ARDS) is
also a complication in critically ill patients with multiorgan

dysfunction syndrome (MODS) and ARE These children
require vigilant monitoring for respiratory distress and may
require intubation and mechanical ventilation.
Maintenance of Neurologic Status. A variety of
neurologic complications may occur. These patients may
exhibit symptoms ranging from mild myoclonus or muscle
twitching to seizures and uremic encephalopathy. Asterixis
and lethargy may be early signs of uremia. As ARF
progresses, the patient may demonstrate confusion, personality changes, seizures, and eventually a comatose state.
Generally, these symptoms respond promptly to dialysis. If
symptoms do not improve after initiation of dialysis, other
causes of mental status change must be considered, such as
a medication effect or a neurologic event. Seizures may be
due to uremia, hypertension, hyponatremia, or hypomagnesemia. Electroencephalogram abnormalities are common in
patients with uremic encephalopathy. These abnormalities
include loss of background alpha activity with the development of slow waves, progressing to diffuse slow wave and
spike activi ty21
Maintenance of Adequate Nutrition. Many disease processes precipitating or occurring simultaneously
with ARF place the child in a hypercatabolic state.
Children's nutritional needs are relatively large compared
with those of adults (Table 21-7). Normal infants have
twice the protein requirement of adults, which must be
maintained during critical illness to prevent a negative
nitrogen balance.! Studies in adults and children have
indicated that aggressive nutritional support decreases tissue
catabolism, which reduces the accumulation of acids,
nitrogenous wastes, and potassium. In addition, hypercatabolic states have been noted as a significant risk factor
for ARE 2t
Meeting a patient's nutritional requirements depends on
the function of the gastrointestinal tract, vascular access,
and severity of oliguria. Small and frequent enteral feedings
are the method of choice. Advantages to the use of the
enteral route include oral gratification, decreased risk for
septicemia because vascular access is not required, and
possible prevention of gut bacterial translocation.
When caloric needs cannot be met through the use of
enteral feedings, parenteral nutrition is necessary. With renal
replacement therapy, daily protein and caloric intake can be
generous (0.5 to I to g/kg/day of protein). If the BUN is
near 50, the patient may benefit from special "nephro"
hyperalimentation solutions, which contain essential amino
acids and various nonessential amino acids. Depending on
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the patient's serum electrolytes, solutions should contain
minimal sodium and no pOlassiumY In some cases,
especially in patients with oligoanuria, renal replacement
therapy may be necessary because of the high volumes of
fluid required to meet the child's nutritional needs, Daily
monitoring of electrolytes and frequent glucose monitoring
are required in the first days of parenteral nutrition.
Prevention of Infection. The patient with ARF is at
high risk for infection because of invasive monitoring and
catheters, surgical procedures, and a highly catabolic
metabolism. Between 50% to 70% of patients with ARF
develop infections, and administration of prophylactic
antibiotics does not appear to decrease the high incidence of
infection. The most common sites of infection are the chest,
urinary tract, and wounds. 21 Difficulty in meeting the
patient's nutritional needs compromises immune function.
In addition, the patient's ability to fight infection is
minimized as a result of defective chemotaxis, absolute or
relative granulocytosis, relative lymphopenia, and impaired
cell-mediated immunity. The need for indwelling bladder
and central venous catheters is reevaluated daily in light of
the high risk for infection.
Because manifestations vary, infection during ARF is
difficult to identify. Symptoms may include both hypothermia and hyperthermia. White blood cell count may be
elevated or diminished. Other subtle signs include tachycardia, tachypnea, lethargy, flushing, and localized inflammatory response. Surveillance cultures may be routinely
indicated.
Prophylactic antibiotics are not recommended. Aggressive treatment with appropriate antibiotics is indicated in the
case of proven infection. Dosage and frequency of antibiotics are based on renal function.
Maintenance of Hematologic Function. Hematologic complications in ARF include anemia, platelet dysfunction, bleeding disorders, and leukocytosis. Anemia
often results from failure of the kidney to produce erythropoietin and can occur as soon as 10 days after the onset of
ARF. Other causes of anemia include blood loss or
hemodilution from volume expansion.
Uremic platelets display defective aggregation and adhesion properties. Nitric oxide (NO) and prostacyclin, agents
that inhibit platelet aggregation, may be increased in uremia,
thus contributing to platelet dysfunction.
Bleeding disorders, in the presence of uremia, are
primarily attributed to platelet dysfunction and may be
potentiated by increased capillary fragility and anemia. The
platelet count is usually normal, but thrombocytopenia may
be present in patients with HUS or disseminated intravascular coagulation (DIC). Platelet dysfunction can be detected by a prolonged bleeding time, with the prothrombin
time and partial thromboplastin time remaining normal
except in the presence of DIe. The bleeding tendencies of
uremia can be corrected with red blood cell transfusions,
dialysis, or a vasopressin analog such as desmopressin
(DDAVP). Leukocytosis generally is due to infection or
acute catabolic stress 21 Monitoring for bleeding, especially
from multiple access sites, is imperative in this population.
Laboratory Studies. Although physical findings are

the best guide to adequacy of fluid volume status, several
laboratory tests support the presence of ARF.
Urinalysis. A urinalysis provides invaluable information when evaluating a patient with ARF. Intermediate
values may be found in patients with postrenal failure or in
those transitioning from prerenal failure to ATN. Use of
potent diuretics can invalidate these laboratory findings for
up to 24 hours. A urine dipstick with trace to I + protein may
be consistent with prerenal azotemia or ATN, but larger
amounts of protein suggest an interstitial nephritis or
glomerulonephritis. However, in an acute episode of congestive heart failure or malignant hyperthermia, significant
proteinuria may also be present. Urine dipstick tests do not
distinguish between hemoglobin and myoglobin. Therefore
a strong presumptive diagnosis of rhabdomyolysis with
myoglobinuria can be made by demonstrating a hemepositive urine dip in absence of red cells or on the
supernatant of the urine, an elevated serum phosphokinase
and aldosterone, and an normal serum color without
evidence of hemolysis. The presence of glucosuria when the
serum glucose level is normal may suggest a proximal
tubular lesion. However, falsely high values may occur in
the presence of urine protein, glucose, radiographic dyes, or
other high-molecular-weight substances 22
Osmolality. Although a considerable overlap can exist
among individuals, prerenal failure is usually associated
with a urine osmolality greater than 500 mOsmIL, whereas
parenchymal failure is associated with a urine osmolality of
less 400 mOsmIL.2 1
Specific Gravity. With prerenal azotemia, hepatorenal
syndrome, and early acute glomerulonephritis, the urine
specific gravity is generally elevated at greater than 1.020.
Patients with postrenal failure and ATN lose the ability to
concentrate urine and generally have a specific gravity
similar to that of plasma, which is approximately 1.010.
Urine Sediment. In prerenal failure, hyaline casts are
present in large numbers. Red cells and red cell casts may
indicate glomerulonephritis or vasculitis. Heavy oxalate or
hippurate may be noted in ethylene glycol ingestion. In
drug-induced interstitial nephritis, proteinuria, urinary sediment with hematuria (gross or microscopic), eosinophiluria, and casts may be found. In ATN, the classic urine
sediment is brown, containing renal tubular casts, renal
tubular cells, and coarsely granular casts 21 Infectious
causes of intrinsic nephritis often have white blood cell casts
in the sediment, indicating renal inflammation.
Serum BUN/Creatinine. The BUN-to-serum creatinine (Cr) ratio is normally 10: I. In prerenal failure, this ratio
may reach levels of 60: 1.
Antineutrophilic Cytoplasmic Antibody. The antineutrophilic cytoplasmic antibody (ANCA) is a sensitive
marker for detecting ARF caused by Wegener's granulomatosis, polyarteritis nodosa, and approximately 80% of cases
previously labeled "idiopathic" crescentic glomerulonephritis. ANCA may have a pathogenic role in activating
leukocytes and the resultant inflammatory injury, leading to
renal failure.
Without all supporting data available, prerenal azotemia
can be suspected if urine specific gravity is greater than
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1.016, urine sodium concentration is less than 20 mEqlL,
and the B UN/Cr ratio is greater than 20: I. The B UN/Cr ratio
can also be elevated in postrenal failure.
Imaging Techniques. The diagnosis of ARF is generally made based on clinical findings and laboratory results.
Imaging may determine the correct diagnosis when the
cause of ARF is unknown. Table 21-8 provides the various
imaging procedures that may be used to diagnose ARE
Plain Films of the Abdomen. Plain films are the
least expensive and most readily accessible imaging
technique. This procedure can document the size of the
kidneys, thus giving information on the duration of the
renal failure. Chronic renal failure is associated with
small kidneys, and enlarged kidneys may suggest an acute
process.
Gray-scale Ultrasonography. Gray-scale ultrasonography (US) is useful in detecting kidney and bladder
size. This imaging technique is generally accepted as
a method to exclude renal obstruction as the cause of
ARE ]t is also very accurate in detecting hydronephrosis.
False-negative results may be seen in patients with early
renal obstruction and dehydration. Echogenicity of the
kidney can also be evaluated with gray-scale US. Most
patients with ARF have normal kidney echogenicity
and parenchymal thickness. A decrease in parenchymal
thickness may be associated with underlying chronic
nephropathy.

IE

TABLE 21-8
Imaging Procedures in
the Diagnosis of Acute Renal Failure

Purpose

l~ifJat plate of the abdomen
\!t[:"or
nephrotomography
!if1';·

i:~'··

r:Ultrasonography

~!t
~!~lntravenous urography

~( with postvoiding film
hi

1i:;"

~i:Computed axial

!i!

tomography

For kidney size, calcification.
calculi, abnormal gas
collection
For kidney size, cysts, calculi,
hydronephrosis. mass
For kidney size. function,
hydronephrosis. hydroureter,
bladder size. bladder outlet
obstruction
Bener evaluation of retroperitoneal lesions: for renal
trauma, renal masses, site

of obstruction
For blood flow and function,
gallium-67 scan for acute
interstitial nephritis
For renal trauma, vascular
occlusion, polyarteritis
nodosa. renal vein
thrombosis
q,-:
','From Cadnapaphomchai P. Alvapati RK. McDonald FD: Differenlial
;;~diagnosis of acule renal failure. In Jacobson HR. Striker GE, Klahr S.
~:'eds: The principles and practice of nephrology. ed 2, St Louis, 1995.
!,[Mosby, p 562.
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Duplex Doppler Ultrasonography. Renal dynamics differ in prerenal, renal, and postrenal ARF. Duplex
Doppler US is capable of measuring the renal resistive
index, which can differentiate between the different categories of renal failure. This technique provides more information than the morphologic view of the kidneys. This device
is valuable in distinguishing between prerenal ARF and
ATN. Most patients with prerenal failure have normal
parenchymal flow, whereas patients with ATN demonstrate
markedly abnormal flow profiles and have increased pulsatility with loss of diastolic flow. The course of ATN may be
monitored with duplex Doppler US. Improvement on
Doppler flow can be seen before clinical signs of function
recovery. Duplex Doppler US is also useful in detecting
significant urinary tract obstructions.
Both gray-scale and duplex Doppler US provide information useful for diagnosis and management of specific
pathologic conditions such as hepatorenal failure, HUS,
acute renal thrombosis, and acute renal artery thrombosis. 23
Unenhanced Computed Tomography. This form
of radiologic testing adds clinically important information in
patients with indeterminate sonograms. Dilated ureters can
generally be located to exact location of obstruction.
Computed tomography (CT) can be very useful in detecting
renal calculi 23
Magnetic Resonance Imaging. ]n ARF, altered
corticomedullary changes can be noted on magnetic resonance imaging (MRI), although these changes are nonspecific. ]n suspicious postrenal failure, MRI is useful in
detecting obstruction and assessing hydronephrosis. Renal
perfusion can be assessed using bolus injection of paramagnetic media. MRI may be preferred to contrast-enhanced CT
in patients with ARF because no significant nephrotoxicity
has been reported related to paramagnetic contrast agents
used in common clinical practice?3
Excretory Urography. This imaging technique can
provide information regarding renal anatomy, chronicity of
disease, and presence of urinary tract obstruction with the
use of contrast. Dense urographic nephrogram and delayed
opacification of the dilated collecting system are indicators
of postrenal failure. Similar findings are also noted in
prerenal failure, acute glomerulonephritis, renal vein thrombosis, and occasionally ATN. Most patients with ATN and
acute bacterial nephritis show an immediate, dense, persistent nephrogram. Striated urographic changes are seen
primarily in acute pyelonephritis. ]n acute occlusion of the
main renal artery, the nephrogram is either absent or
extremely faint. Similar findings are appreciable in acute
cortical necrosis?3
Contrast-Enhanced
Computed
Tomography.
Contrast-enhanced CT is much more reliable than excretory
urography in detecting structural deformities of the nephrogram and requires considerably less contrast material.
Contrast-enhanced CT can generally identify acute renal
obstruction, both intrinsic and extrinsic. It is helpful in
identifying hydronephrosis, nephritis, and mass lesions such
as abscesses?3
Angiography. This imaging technique has been valuable in evaluating arterial or venous occlusion as a cause for
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ARF. Angiography demonstrates a characteristic pattern of
acute cortical necrosis and thromboembolic disease, both
arterial and venous. In many clinical situations such as
these, Doppler US, CT, and MRl have become the preferred
diagnostic tool. However, abnornlalities that directly involve the vessels create unique angiographic patterns and
are best diagnosed by angiography. There are parenchymal
diseases that indirectly alter blood flow, resulting in
angiographic findings, which are generally nonspecific.
Patchy or diffusely decreased nephrograms occur in many
disease states, such as ATN, acute glomerulonephritis, and
interstitial nephritis. 23
Iodinated intravenous contrast agents, which are necessary for excretory urography, contrast-enhanced CT, and
angiography, are nephrotoxic and pose a serious clinical
problem. Iodinated contrast media account for about 10% of
all hospital cases of renal failure, with azotemic patients at
greatest risk. Excretory urography, contrast-enhanced CT,
and angiography are only performed in the azotemic patient
when US, unenhanced CT, and MRI are unavailable. 23
Renal Biopsy. In cases for which the cause is unknown, renal biopsy can be a useful adjunctive tool for
diagnosis, intervention, and prognosis. The diagnoses for
which specific treatments are indicated include glomerulonephritis, vasculitis, and AIN. 18
Renal biopsy in the patient with ARF carries significant
risk because of the invasiveness of the procedure. These
patients are at increased risk for postbiopsy bleeding as a
result of coagulation disorders (including platelet dysfunction and abnormal platelet vessel wall interaction) and
anemia. Arterial hypertension and dialysis compound the
risk. Before renal biopsy, it is important to check the
prothrombin time, partial tlrromboplastin time, platelet
count, and bleeding time.
General postbiopsy patient care includes prone positioning on a rolled sheet or towel to promote hemostasis, strict
bed rest for 24 hours, frequent vital sign monitoring, urine
monitoring for macroscopic hematuria, and hematocrit
check. IS In renal disease, as with others, the least invasive
mode of diagnosis is the preferred diagnostic test.
Renal Pharmacology. Several issues are considered
when discussi ng pharmacology in renal failure. First,
various degrees of renal insufficiency may alter the kidney's
ability to clear medications, and toxic levels may develop.
Second, the initiation of renal replacement therapy may
further alter the therapeutic level of medications. Finally,
several medications can be considered to enhance renal
function to establish homeostasis.
Effect of Renal Insufficiency on Drug Elimination.
Renal insufficiency may alter elimination of many drugs in
the critically ill patient. With decreased function, the amount
of a drug normally eliminated by the kidney is decreased.
Drugs that are metabolized in the liver may require renal
function to eliminate metabolites. In renal insufficiency,
RBF and the ability of the kidney to extract drug are
decreased; therefore the total amount of drug excreted per
unit of time decreases.24 Consequently, inefficient drug
clearance may lead to metabolite accumulation and production of toxic effects. Adjustments to dosages may be
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Box 21-4

Drugs Requiring Dosage Adjustment
in Reduced Renal Function

Acetaminophen
Acyclovir
Amikacin
Amphotericin B
Ampicillin
Ceftazidime
Cefuroxime
Digoxin

Diphenhydramine
Gentamycin
Imipenem
Penicillin G
Piperacillin
Ranitidine
Tobramycin
Vancomycin

required to maintain a steady therapeutic state. The goal is
to attain an effective drug level while avoiding toxicity.
Those drugs that have a wide therapeutic range may need no
adjustment because levels can fluctuate without reaching
toxicity.
Different methods can be used for adjusting medication
dosages in ARF. One method of dosage adjustment is to
deliver a loading dose to reach peak serum concentration,
followed by delivery of subsequent usual maintenance doses
at intervals determined by the elimination half-life of the
medication. 25 However, this approach can result in extended
intervals between doses, with possible subtherapeutic levels.
Another method of medication adjustment is to decrease
the dosage used with normal renal function and deliver the
medication at the usual intervals. This approach may
provide a more steady state of the drug. In addition, this may
be more the accepted method of dosing medications with a
narrow therapeutic range?5 Because of the pharmacokinetics of each drug, it is wise to consult the pharmacology
references for the proper dosage. Box 21-4 gives examples
of the drugs that require adjustments in renal insufficiency.
Many drug formularies determine the adjusted dosages of
medications according to the amount of the calculated
creatinine clearance.
Effect of Renal Replacement Therapies on Drug
Disposition. All renal replacement therapies affect the
elimination of drugs. The extent to which the drug is
dialyzed determines whether supplemental doses are necessary. The dialyzability of the drug is dependent on several
factors. The molecular size of the drug affects its ability to
pass through the membrane. Generally, small molecular
weight particles pass through the membrane and are
dialyzed. Another factor is protein binding of a drug, which
is the amount of drug secured to protein in the body.
Nonprotein-bound medication is available for dialysis.
Distribution affects dialysis in that a drug with a large
volume of distribution is less likely to be dialyzed.
Solubility is a factor because drugs with high water
solubility are more likely to be dialyzed because the
dialysate is an aqueous solution. Finally, plasma clearance
affects dialyzability of the drug. Plasma clearance is the sum
of the renal and the noorenal clearance. When nonrenal
clearance is high, the drug is less likely to be dialyzed?6
Table 21-9 gives examples of some of the drugs that are
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21~9 Considerations for Drug Prescription in Renal Failure: Supplement for Hemodialysis,
Special Considerations for Peritoneal Dialysis and Continuous Renal Replacement

TABLE

Hemodialysis

•
••
••
0
0
0

•

*.
*
**
.*
Conventional 0
Permeable membrane.*
0
*.
**
'12 dose**

UK
0
0

O'

Hemofiltration

+
0
0

0
0
0

o·
o·

o·
o·

++

++

++
++

++
++

3.5 mg/kg/day

++

+
+

O·

0*

++

++
0
0

UK
O·
O'

0
0

0*
0*
0

UK

UK

*.

UK

Peritoneal Dialysis

UK
0*

O'
O'
0
0

UK
0

UK
O'

UK
O'

NA

0
0*
0
0
75% ql2h

0
0
0
'12 dose
0
*
Yes

Likely to be removed
Likely to be removed

UK

UK

O'
O'

UK
UK

, ,~apted from Swan S, Bennett W: Use of drugs in patients with renal failure. In Schrier RW, Gottschalke CW, eds: Diseases of the kidney, ed 6, vol Ill,
ii:!!!J.oston, 1997, Little, Brown, pp 2963-3017.
1-.30% q24h; ++. dose for GFR <10 (dose for GFR 10-50 mVmin); *, ,'" normal dose after dialysis; **. dose after dialysis; 0*, unlikely; UK, unknown.

affected by the different types of renal replacement
therapies.
Drugs That Enhance Renal Output. Several agents
are available to enhance renal output in the presence of renal
disease. Table 21-10 outlines the more common agents
employed in the pediatric intensive care unit (PICU).
Loop Diuretics. Loop diuretics are the most common
diuretics used in the PICU. They are often prescribed to
promote urine output and to facilitate the change of oliguric
to nonoliguric ARF. 27 Loop diuretics inhibit the sodiumchloride co-transport mechanism in the thick ascending limb
of the loop of Henle. where 20% to 30% of sodium
reclamation occurs?8 Furosemide. a loop diuretic. also is
thought to reverse decreased GFRs?9 Furosemide is mainly

excreted in the kidney, whereas bumetanide undergoes
extensi ve hepatic metabolism and, of the two, is less likely
to be excreted. In addition, bumetanide appears to have a
more substantially favorable therapeutic index. When a
higher dose is required, it offers a substantial improvement
in the margin of safety?8
Adverse consequences are due to the effects of drugelectrolyte imbalance. fluid depletion, and acid-base balance. Ototoxicity occurs as a result of repeated doses,
especially in the presence of renal insufficiency. Newborns
do not eliminate loop diuretics efficiently because of
decreased renal clearance, which can contribute to the
prolonged half-life of the drug seen in early infancy.30 Rapid
fluctuations of fluid and electrolytes may be improved by
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TABLE 21·10
llherapeutic
i!i[tlass (Drug)

Drugs That Enhal:lce Renal Function

Use

Mechanism of Action

Elimination

Nursing Considerations

Management of edema
a"ociated with congestive heart failure
and hepatic or renal
disease.

Inhibits reabsorption of
sodium and chloride in
the ascending loop of
Henle and distal renal
tubule, thus causing
increased excretion of
water, sodium chloride,
magnesium, and calcium.

80% of IV dose
excreted in urine
within 24 hours; the
remainder is eliminated by other nonrenal pathways,
inclnding liver
metabolism.

Rate of administration is 0.5 mgt
kg/min; maximum infusion rate
is 4 mg/min. Adverse reactions
include hypokalemia, hyponatremia, dehydration, and
potential ototoxicity and
hearing loss.

Management of edema
secondary to congestive heart failure
or hepatic or renal
disease, including
nephrotic syndrome,

Inhibits reabsorption of
sodium and chloride in
the ascending loop of
Henle and proximal renal
tubule, thus causing
increased excretion of
water, sodium, chloride,
magnesium, calcium, and
phosphate,

Partial metabolism
occurs in the liver;
unchanged drug is
excreted in the
urine (50%),

Larger doses may be necessary in
patients with impaired renal
function to obtain the same
therapeutic response: light
sensitive. may discolor when
exposed to light. Adverse reactions include hyperglycemia,
hypokalemia, hyponatremia,
decreased uric acid excretion,
increased serum creatinine,

Promotion of diuresis
in the prevention or
treatment of oliguria
or anuria caused by
acute renal failure.

Increases the osmotic pressure of glomerular filtrate,
which inhibits tubular
reabsorption of water and
electrolytes and increases

Primarily unchanged in
urine by glomerular
filtration.

In-line 5-micron filter set should
always be used for mannitol
infusion with concentrations of
20% or greater, crystallization
may occur at low temperatures;
coutraindicated in severe renal
disease; adverse effects include
circulatory overload, congestive hean failure, hyponatremia, hypokalemia,

i"
~!i-oop Diuretics
Furosemide

I

~'f~ ..

Il.~

~'"
~

iJ&~:.'

~umetanide

IlliL

&,
Ij;
,~

~rf:

~I'{
~Osmotic Agents

it~i.iannitol
!t~~,

Ii'

I
li!':[

II!"

"",

'"'po,

from Bell C, Simon D. Sovcik J: Children'sformlliary handbook. Hudson, 1999, Lexi-Comp.
Intravenous.

if!¥.

using loop diuretic infusions rather than frequent doses to
maintain a steady state. This manner of delivery has proven
to have a greater cumulative diuretic effect with lower
doses, thus avoiding the effects of toxic levels.2 s .30.31
Funhermore, potential hypotension with bolus doses is
avoided, and hemodynamic stability is maintained. Regardless of the dosing, diuretic tolerance develops with prolonged use. The distal tubule is thought to be the site of
action responsible for development of tolerance, although
the mechanism is not known. Care is taken III using
increased doses in the presence of tolerance to avoid
toxicity.
An interesting nonrenal effect of the loop diuretics is an
improvement in pulmonary compliance in ventilated patients, which is thought to be a result of a variety of factors,
although the exact mechanism is unknown 30 Occasionally,
furosemide is administered as an aerosol to infants with
bronchopulmonary dysplasia to increase tidal volumes. This
action may provide an additional benefit in children with
respiratory distress secondary to fluid retention in ARE

Continued

Osmotic Diuretics. Mannitol is the principal osmotic diuretic used in the clinical setting. Mannitol not
only acts as an osmotic agent in the proximal tubule to
inhibit the reabsorption of water; it also increases renal
filtration pressure and causes a solute diuresis. Because
of the large fraction of filtrate normally reabsorbed from
the proximal tubule, the distal tubule panially attempts to
compensate for this loss. A profound diuresis can be
attained by combining mannitol with a more distally
acting diuretic. When compared with doses administered for cerebral edema, mannitol doses for ARF are
smaller and more freq uent to achieve the desired diuretic effect. Because acute mannitol toxicity is directly
related to its influence on extracellular osmolality, frequent measurement of serum osmolality during therapy
is important. 24 Care is taken in the use of osmotic diuretics in the presence of decreased renal function. Without elimination, accumulation can occur, leading to volume overload, hypematremia, and hyperkalemic metabolic
acidosis.2 8
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Drugs That Enhance Renal Function-cont'd

1w'

1il1herapeutic
~:C1ass (Drug)
"';',.

Use

Mechanism of Action

Elimination

Nursing Considerations

70%-90% excreted
unchanged in the
urine; enterohepatic
recycling.

When metolazone is used in combination with other diuretics.
there is an increased risk of
azotemia and electrolyte depletion; metolazone may cause
increased digoxin toxicity;
adverse reactions include hypokalemia. metabolic alkalosis.
hyperglycemia. and tinnitus.

Metabolized in the
liver. urinary and
biliary excretion.

Diuretic effect may be delayed
2-3 days; when combined with
angiotensin-converting
enzymes inhibitors (e.g.• captopril) may additively increase
the serum potassium; may
decrease digoxin clearance and
allenuate its inotropic effects;
adverse reactions include
arrhythmia, hyperkalemia,
dehydration. and hyponatremia.

Metabolized in the
plasma. kidneys. and
liver (75% to inactive metabolites.
25% to norepinephrine); metabolites are
excreted in the urine.

Administer into a large vein to
prevent the possibility of
extravasation; adm inistration
into an umbilical arterial
catheter is 110t recommended.

t¥.!!
~j,Thiazides
!ii<j,~

~i'Metolazone

fF·

t~1

I

ll:'f

~;:

~('

Treatment of edema in Inhibits sodium reabsorption
congestive heart
in the distal IUbule.
causing increased excrefailure and nephrotic
tion of sodium and water.
syndrome. especially
in patients with
as well as potassium and
impaired renal
hydrogen ions.
function.

lIni

jii!~

TIr'

~;i'

r.Wotassium-Sparing Agents
~~$pironolactone Management of edema
!l!i:
~[:
associated with excessive aldosterone
tiC
excretIOn; hyper~!';
tension.

If
~~l;·.:'

~~::
i!;~

W~,

W;';:

HfE~

Competes with aldosterone
for receptor sites in
the distal renal tubule.
increasing sodium. chloride. and water excretion
while conserving potassium phosphate and
hydrogen ions.

l®:.

~E
Iii'
!!;adrenergics
li~pamine
~;t::

m~!f'

~m:
'J!J;
ij"llJl'

~W'O

~c

i\~

Both systemic and
Lower doses of 2-5 Ilg/kgl
local renal dopamine
min are mainly dopamiactions used to
nergic stimulating and
enhance renal
produce renal and mesenoutput; systemically.
teric vasodilation.
dopamine increases
cardiac contractility.

Thiazides. Thiazides are not commonly used in the
PICU because they are exclusively enteral formulations and
have a relatively low ceiling of maximal diuretic effect. The
site of action overlaps with that of the loop diuretics 24
Metolazone also has effects in the proximal renal tubule.
therefore making it the favored drug in this class. Metolazone may be useful in combination with the loop diuretics to
achieve a greater diuretic effect or to overcome diuretic
tolerance.
Potassium-Sparing Agents. Potassium-sparing agents
administered independently may have little effect in increasing water excretion. but in combination with more proximally acting diuretics. they may effect a substantial increase
in the excretion of sodium and water,z4 Spironolactone has
a much longer half-life than other diuretics and is the more
common agent used in the PICU.
Dopamine. Dopamine has been found to be an effective
agent to enhance renal function. Renal dose dopamine. 2 to
5 Ilg/kg/min. is used when the desired effect of drug
infusion is to stimulate dopaminergic (DA) receptors
without altering blood pressure. The DA receptors are in the
renal arteries and the afferent arterioles. When stimulated,

the receptors cause renal vasodilation, resulting in improved
RBF. GFR, sodium excretion. and creatinine clearance 32
Dopamine also exerts a synergistic action with furosemide
via vasodilation and reversal of ischemia; thus furosemide
transport to the loop of Henle improves, subsequently
increasing urine output. The combination of low-dose
dopamine and furosemide can result in conversion of
oliguric to nonoliguric renal failure if adequate intravascular
volume and cardiac output are present.
An increase in urine flow does not represent an improvement in renal function, nor effect the natural history of the
disease that precipitated the renal failure. However, enhancement of urine output may be valuable in the management of hyperkalemia and fluid overload. 33

RENAL REPLACEMENT THERAPY
The rationale for initiating renal replacement therapy
includes the need to remove excessive intravascular volume
and correct significant alterations in electrolyte or acid-base
balance. Progressive hypervolemia may result in hypertension and, in the patient whose condition is previously
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Advantages and Disadvantages of Different Forms of Renal Replacement Therapy
Advantages

Disadvantages

Gradual process
Can be used in hemodynamically unstable patients
Vascular access beyond peripheral IV not required
No complex equipment needed
Inexpensive
o heparinization required
Greater mobility

Catheter malfunctions
Hyperglycemia
Slow clearance of fluid and electrolytes-not helpful
in hyperkalemic crises
Risk for catheter-related sepsis, peritonitis
Requires use of abdomen-not optimal status post
laparotomy
Large protein loss
Failure of treatment results in worsened hypervolemia
Fluid/electrolyte removal less controllable
Diminished ventilation with decreased diaphragm
compliance

Very effective with hypervolemia
Can be used in hemodynamically unstable patients
Continuous treatment allows constant readjustment in
therapy
Relatively inexpensive
Allows parenteral nutrition to be optimized without
risk of hypervolemia
Can add dialysis

Access complications: infection, clotting, blood leaks,
air emboli, bleeding
Requires vigilant monitoring
Heparinization often required
Not quickly effective with hyperkalemia
Hemofilter clotting requires immediate intervention

Quickly effective in fluid and catabolic overload
Intermittent therapy

Access complications: infection, clotting, bleeding
Requires special equipment and specially trained
personnel
Heparinization required
Fluid and electrolyte shift during therapy, hypotension
Disequilibrium syndrome

f.ftvvH, Continuous venovenous hemofiltration; IV, intravenous.
~-'

compromised, congestive heart failure and pulmonary
edema. Slow, steady increases in serum potassium eventually produce lethal cardiac dysrhythmias. Persistent metabolic acidosis contributes to neurologic deterioration. Other
electrolyte imbalances include hyponatremia, hypercalcemia, and an imbalance in the calcium-to-phosphorus ratio.
An elevation in BUN, with rapidly rising creatinine,
influences the decision-making process to initiate more
aggressive therapy. Inadequate nutrition delivery resulting
from fluid restriction required in the presence of limited
urine output has become a major indication to initiate renal
replacement therapy34
Treatment options, intended to mimic renal function,
include peritoneal dialysis (PD), continuous venovenous
hemofiltration (CYYH), and hemodialysis (HD). The benefits and limitations of each management option are
compared in Table 21-11. Determining the type of dialysis
to be used includes evaluation of hemodynamic stability,
cardiac performance, bleeding tendencies, the presence of
sepsis, respiratory issues, nutritional needs, cost, personnel
requirements, and local expertise. 3s
All renal replacement therapies function by diffusion or
convection. The components of the system include a
selectively permeable membrane separating the patient's
blood from a second compartment (Fig. 21-6). The membrane may be part of a dialyzer incorporated into an

extracorporeal circuit or it may be present in the patient,
such as the peritoneal membrane. The second compartment
may contain dialysate or form a simple reservoir that
collects ultrafiltrate from the plasma. Diffusion is the
primary mechanism of solute removal during dialysis. The
amount of solute removed depends on permeability of the
membrane, molecular weight of the solute, and the concentration gradient on both sides of the membrane. During
ultrafiltration, fluid is removed by the hydrostatic or osmotic
pressure gradient directed toward the second compartment;
solute is pulled with the water particles. This method of
solute removal (convection) is not as efficient at removing
small solute particles, such as urea.J 6

Peritoneal Dialysis
PD removes fluid and solutes slowly over 2 to 3 days.
Because of this time frame, the decision to initiate PD is
usually made early, when progressive deterioration in
patient status can be reasonably predicted. Earlier intervention is especially beneficial in some patients with multisystem organ failure, for example, in the patient with congenital
heart disease who develops ARF after cardiovascular
surgery. A study by Sorof and colleagues 3 ? suggests that
placing the PD catheter during cardiovascular surgery in
small infants and initiating PD within 24 hours of surgery
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Schematic representation of solute and fluid transport
across semipenneable membranes. A, Hemodialyzer. Plasma
concentration of small solutes (solid circles) in the blood inlet is
high. Because of the diffusive loss across semipenneable hemodialysis membrane (dotted line), plasma concentration in the blood
outlet is much lower. Thin arrow across the dialysis membrane
represents small amount of fluid loss (which is not necessary for
solute removal). High dialysate flow rate is necessary to maintain
the concentration gradient across the dialysis membrane. B, Hemofilter. Plasma concentration of small solutes in the blood compartment remains unchanged as blood travels the length of the fiber,
and is similar to their concentrations in the ultrafiltrate. Hemofiltration membrane (broken line) has relatively large pores, which
allow necessary removal of large volume of fluid (heavy arrow).
Replacement of fluid is infused into the blood outlet to lower
plasma concentration of solutes and compensate for fluid loss.
(From Cheung A: Hemodialysis and hemofiltration. In Greenberg
A, ed: Primer on kidney disease, ed 2, San Diego, 1998, Academic
Press, p 410.
Fig. 21-6

resulted in low complication rates and successful achievement of negative fluid balance.
PD can be successfully initiated in patients with limited
vascular access. In addition, because the removal of fluid
and solutes is accomplished in a slow manner, patients who
are especially sensitive to changes in vascular volume are
ideal candidates. PD may be the treatment of choice for ARF
in hemodynamically unstable patients or in patients with
coagulopathy. PD continues to be a favored modality in the
newborn or early infant population. 38 - 40
There are no absolute contraindications to PD. However,
some experts suggest that the presence of a ventriculoperitoneal shunt and severe respiratory distress are contraindications. Patients better suited to another type of therapy
include those with peritonitis, peritoneal adhesions, diaphragmatic defects or those healing from recent abdominal
surgery.
Principles of Therapy. The goal ofPD is established
before instituting therapy and is reevaluated on a daily basis.
For example, the daily goal may include removing a specific
amount of fluid over a defined period, decreasing the serum
potassium level to within normal limits, or decreasing the
BUN to 3 times normal. Achievement of established
multidisciplinary goals, ongoing monitoring of the patient's
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status, and prevention of complications require vigilant
assessment, intervention, and documentation.
With PD, the patient's peritoneum serves as the semipermeable membrane to allow movement of solutes by
diffusion and water by osmosis. As a semipermeable
membrane, the peritoneum allows some but not all molecules to move across it.
Dialysate fluid, containing a predetermined osmolality
and concentration of ions, is infused into the peritoneal cavity. Exchange of solutes and water occurs over
the peritoneal membrane. The osmotic gradient that drives
the ultrafiltration is created by the glucose in the dialysate. The greater the amount of glucose present, the greater
the gradient and the ultrafiltrate removed. Glucose may also
move from the peritoneal space to the child's intravenous
space, resulting in hyperglycemia. This occurrence is
usually temporary until the pancreas is able to increase
insulin production. Serum electrolytes diffuse across the
peritoneum until equilibrium is reached with the dialysate.
Urea and creatinine diffuse against a zero concentration
gradient because these two solutes' are not present in
dialysate. Therefore they are readily cleared from the serum.
The smaller the patient, the larger the ratio of peritoneal
space to body mass. Therefore, in general, PD is more
efficient in smaller pediatric patients.
Dialysate is commercially available as 1.5%, 2.5%, and
4.25% dextrose concentrations. Except for the addition of
glucose and the absence of potassium, dialysate is similar to
normal serum. Dialysate generally contains lactate as a
buffer. Because of the lactate base, the use of a standard PD
solution in a patient with impaired liver function or
metabolic acidosis caused by lactic acidosis can be harmful;
the substitution of bicarbonate for lactate may be necessary.
Table 21-12 shows the components of both standard lactate
and bicarbonate-ba~e dialysates. Potassium, heparin, antibiotics, or antifungal medications can be added to the
dialysate as needed. Systemic heparinization does not occur
in patients with heparin (250 to 500 UIL) added to the
dialysate. 41
Procedure. PD can be initiated with relati ve ease in
the PICU. Preparation of the patient includes obtaining a
baseline weight, abdominal circumference, and placing a
urinary catheter. The urinary catheter drains the distended
bladder, which decreases the risk of bladder puncture during
the procedure.
There are several types of peritoneal catheters. The
"acute" catheter is rigid and easy to place percutaneously.
The "chronic" catheter (most often the Tenckhoff catheter)
is a more flexible catheter that is tunneled through the
subcutaneous fat during a surgical procedure. The Tenckhoff
catheter may have a cuff that is placed at the level of the
peritoneum, which decreases the incidence of leakage.
Before starting the procedure, the PD system used both to
deliver dialysate to the peritoneal cavity and collect
peritoneal drainage is prepared. Dialysate can be delivered
manually or mechanically. Manual instillation requires
assembly of equipment, warming of the dialysate (for
patient comfort and to enhance solute clearance), and
frequent opening of the system to spike the dialysis bags.
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Fig. 21-7

Peritoneal dialysis cycler.

Peritoneal Dialysis
Solutions: Commercially Available .. .
Dialysate (lactate-Based)and Specialized
TABLE21-12

(Bicarbonate-Based) Solution
.~
IJJ7

~~

I~onstituents
~.L

.

Standard
Peritoneal
Dialysis Solution

Specialized
Bicarbonate
Solution

15, 25, 42.5
132

15, 25.42.5
92-100t
92-100

92
40

o

o
40t

The PD cycler may have various configurations and
controls. An example of a PD cycler is the Baxter Home
Choice shown in Fig. 21-7. It provides a relatively easy way
to maintain continuous PD, wann the dialysate, and display
the cycle status and the amount of spent dialysis per cycle.
All PD cyclers have a volume controller that contains an

Fig.21-8 Placement of peritoneal dialysis catheter. (From Hudak
C, Gallo B: Critical care nursing: a holistic approach, ed 6,
Philadelphia, 1994, Lippincott Williams & Wilkins, p 568.)

occlusion mechanism to regulate dialysate flow to and from
the patient. If the machine has a microprocessor, the PD
cycler can store the number of cycles and ultrafiltration
parameters in memory, even during electrical power interruptions. 42 Use of a cycler decreases the number of
connections and disconnections in a 24-hour period.
PO Catheter Insertion. Paracentesis is usually accomplished in the PICU. Patients younger than 2 years of
age, those with poor abdominal tone, those who require
chemical paralyzing agents for effective ventilation, or those
with a history of abdominal surgery may warrant catheter
placement in the operating room. The catheter is usually
placed 2 to 3 cm below the umbilicus in the midline, with
the tip of the catheter directed toward either the bladder or
the lateral pelvic gutters. Initially, 5 mllkg of ascitic
drainage should be removed, followed by initial instillation
of 5 to 10 ml/kg of dialysate. 41 To avoid excessive
ultrafiltration, 1.5% dextrose solution is used initially. Fig.
21-8 shows placement of the catheter in the body.
During the initial cycle, patient assessment includes evaluation for fluid infiltration around the insertion site, abdominal pain, grossly bloody drainage, fecal-contaminated
drainage, and cardiovascular or respiratory compromise.
After optimal catheter position is established, a purse-string
suture closes the incision around the PD catheter. An
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occlusive, dry, sterile dressing, which prevents kinking of
the PD catheter, is applied.
Catheter Maintenance. Each PD cycle or run consists of three phases: instillation, dwell, and drainage.
During the instillation phase, dialysate runs into the
peritoneum through the inflow line of the PD system. This
occurs rapidly by gravitational flow over 5 to 15 minutes.
The volume of dialysate instilled with each run is usually 10
to 20 mllkg in infants and 35 to 40 ml/kg in children.
Depending on patient tolerance, initial volumes can be
gradually increased. Increased PD volume increases efficiency of dialysis. However, in patients with tissue edema,
increased PD volume may cause dialysate fluid leakage.
During the dwell phase, both the inflow and outflow lines
are clamped. The dialysate remains in the peritoneal cavity,
allowing water and solute movement across the peritoneum.
This phase usually requires 30 to 60 minutes but is
dependent on many factors, such as surface area of the
peritoneal membrane. Maximal solute transfer occurs at the
beginning of the dwell phase. In general, shorter dwell times
remove greater amounts of fluid, and longer dwell times are
more efficient in solute removal.
The drainage phase begins when the clamp on the
outflow line leading to the drainage bag is opened. Although
the time required for drainage varies for each patient, the
average time is 15 to 20 minutes. Drainage can be enhanced
by repositioning the patient.
Modifications in PD therapy are made based on the
patient's clinical status, renal function, and laboratory test
results. The dialysate concentration is changed with relative
simplicity. Variations in concentrations can be obtained by
combining different osmolar solutions with each run. Even
though initial hyperglycemia may resolve with increased
endogenous insulin production, other related side effects
usually limit the use of highly osmolar solutions.
The volume of dialysate instilled depends on the patient's
tolerance during the dwell phase. Dialysate overfill is a
serious complication, as demonstrated by shortness of
breath, abdominal discomfort, distension, and pain. Instillation of smaller, more frequent volumes may accomplish
the desired goals in the patient who cannot tolerate runs of
more than 20 mllkg every hour.
Initial PD drainage is blood tinged. This bloody drainage
should clear after the first few runs. After this, PD drainage
takes on a characteristic straw color. Persistently bloody
drainage must be investigated. Likewise, development and
persistence of cloudy drainage can indicate peritonitis and
requires evaluation.
After the first few cycles, a predictable drainage pattern should develop. At times the catheter tip may migrate
away from the dialysate in the peritoneal cavity, or the
catheter may become occluded by the omentum, impingement of the abdominal organs on the catheter, or fibrin
deposits. In these situations, dialysate freely flows into but
not out of the peritoneal cavity. Interventions to increase
fluid drainage include changing the child's position, elevating the head of the bed, or turning the child gently from side
to side.
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Catheter-related problems also include leakage at the
insertion site. If the volume infused is greater than that
drained, the drainage tubing or catheter may be kinked
and require straightening, A clotted catheter requires
replacement.
Catheter leakage at the insertion site may also indicate
catheter displacement. If all PD catheter infusion/drainage
sites are contained within the abdomen, an extra external
stitch to stop oozing of fluid from around the insertion site
may be required. Sometimes catheter leakage results from
dialysate overfill, and volumes of dialysate may need to be
decreased.
The need for accurate documentation of intake and
output cannot be overstated. Twice-daily patient weights
may be used to validate fluid assessments if the patient's
condition permits. Weights are only useful if a consistent
scale is used and the patient is weighed at the same time of
day and during a specific phase in a PD cycle.
Laboratory studies are followed at a frequency determined by the acuity of the patient's condition. Following
trends of serum electrolytes, calcium, phosphorus, BUN,
and creatinine levels is routine. Close monitoring of the
patient's neurologic status is important because serum
electrolyte and acid-base imbalance may manifest in neurologic changes. Often the parents' observations and concerns about the patient's level of consciousness are early
warnings to the nurse and necessitate further evaluation.
The child's level of comfort is continuously monitored.
Especially important is the patient's perception of comfort
during the different phases of PD. Nonverbal signs of
discomfort include tachycardia, tachypnea or shallow
breathing, grimacing, splinting, and agitated or unsettled
behaviors. In some instances, slowing the rate of dialysate
infusion, decreasing the volume used per cycle, further
warming of the dialysate, or repositioning the child may
alleviate some discomfort. Analgesics and sedatives are
used in addition to comfort measures.
Complications. Distending the abdomen with large
volumes of dialysate may compromise the patient's respiratory status. Increased abdominal volume and pressure
prevent normal downward displacement of the diaphragm
and limit functional residual capacity. This effect may
predispose the patient to atelectasis with associated intrapulmonary shunting and increased work of breathing.
Fatigue, anxiety, and pain further compromise the patient's
ability to compensate for existing alterations in oxygenation
and ventilation.
Ongoing assessment of the patient's nutritional status
includes an appreciation of the protein loss across the
membrane during PD. This may potentiate nutritional,
immunologic, and infectious problems such as peritonitis.
Instillation of large volumes of dialysate into the
peritoneum may also compromise venous return and cardiac
output. This effect is especially true when intravascular
volume is limited. Close monitoring of cardiovascular status
is necessary, especially during the instillation phase. During
the drain cycle, hypotension may also be a problem,
often related to leaky capillary syndrome in patients
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suggestive of bacterial peritolllus. Maintaining a closed
system, specimens should be aspirated from the PD outflow
line and not the drainage bag. To prevent the possibility of
contaminated fluid from flowing back into the peritoneum,
the drainage bag is never elevated above the level of the
abdomen.
Peritonitis does not preclude PD therapy. Treatment
includes adding antibiotics to the dialysate. Some commonly used intraperitoneal antibiotics include vancomycin,
tobramycin, cefotaxime, and piperacillin. Appropriate systemic antibiotic administration for positive blood cultures is
required. Pancreatitis is also a frequent finding in patients
undergoing PD. Signs and symptoms include abdominal
pain, nausea, vomiting, low-grade fever, and elevated serum
lipase and amylase levels.
Documentation. Documentation is crucial to patient management. Fig. 21-9 is an example of a documentation flow sheet for cycler PD (the presence of tidal PD
addresses a fornl of PD not commonly used, wherein a small
amount of dialysate is purposely not drained from the
patient). If manually performed, documentation also includes the times at which (I) instillation of dialysate begins;
(2) instillation ends, and dwell time begins; (3) dwell time
ends, and drainage time begins; and (4) drainage time ends,
and a new run begins. These times are automatically

with decreased intravascular but increased extravascular
volume. 34
The greatest shift of water and solutes occurs within the
first part of the dwell phase. Patient discomfort and
respiratory and cardiovascular distress may force a time
limit on the dwell phase. These adjustments eventually
affect the number of cycles completed within the day,
potentially influencing the effectiveness of therapy. As the
patient's need for PD lessens, drainage time can be
gradually increased, resulting in fewer runs per day.
The use of an acute catheter placed percutaneously leads
to the possibility of leakage. Chronic catheters are tunneled
and often have cuffs to increase the effectiveness of the seal.
In general, the risk of peritonitis increases after day 3 of PD.
Guidelines for practice regarding the frequency of system
tubing change, catheter insertion site cleansing and dressing,
and frequency of catheter change are policies determined
within each institution. It is prudent to recommend care that
is similar to guidelines for intravascular lines.
Signs of peritonitis include cloudy PD drainage, fever,
abdominal pain and tenderness, and a change in the patient's
level of consciousness. Daily culture, cell count with
differential, and Gram stain of PD drainage are warranted.
Peritoneal cell counts exceeding 100 white celiS/ill or the
presence of greater than 50% neutrophils on differential is

The Children's Memorial Hospital
CYCLER PERITONEAL DIALYSIS FLOW SHEET
DATE:

HEATER BAG:
%0
LLAST BAG(i! different):_---"'%!llO_---I.L EXTRA FLUIDS:_---"'%!llO_----'-L
ADDITIVES TO BAGS:____________
%0
L
%0

WEIGHT(empty):

Q.CE.D or TIDAL PD

Total
Volume:

ml

Tidal
Volume: ------'l\.
TIME

#CYCLE
INITIAL
DRAIN

l

kg

'CYCLE
ULTRAFILTRATE
(actual amounl)

Therapy
Fill
hr min Volume:
Time:
Total (estimated) Full
UF:
ml
Drains:
'CUMULATIVE
ULTRAFILTRATE

ml

g

Last
Last
#
Cycles
Fill: __m_' Dextrose:
Tidal
UF
evcles
Volume:
ml per cyeie: _ _m_'

PROGRAM
CHANGES

ALARMS and COMMENTS

(day fill - Initial drain)

#1

• When cycler displays (+ ) UF, record on flow sheet as (- ): Patient net fluid loss (removed)
• When cycler displays (-) UF, record on flow sheet as (+): Patient net fluid gain (retained)
• Cycle and Cumulative UF will only be displayed at Full Drains on TIDAL program
• Cumulative UF does not include Initial Drain

Fig. 21-9

Peritoneal dialysis worksheet. (Courtesy The Children's Memorial Hospital, Chicago, IlL)

Avg.
Dwell:------.!!l!!l

SIGNATURE
(initials)
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programmed in the PD cycler and do not need to be
documented.
Ongoing assessment of drainage volume, compared with
instilled volume, is important in evaluating the patient's
fluid balance. The patient's fluid status is considered to
"positive" when the volume instilled is greater than the
volume drained. Positive fluid balance can be related to an
increase in the patient's serum osmolarity or to an occlusion
in the drainage system. If no occlusion is identified in the
drainage system and a continued positive fluid balance for
two or more runs is obtained, a change in management
strategy is required.
The patient is considered to be in "negative" fluid
balance when the volume instilled is less than the volume
drained. Negative balance, indicating removal of body fluid
volume, is generally a goal of PD; however, rapid removal
of volume may compromise the child's hemodynamic
status. Continuous evaluation of the child's tolerance to fluid
removal is necessary to determine the desired goal for
hourly fluid balance.
To calculate the 24-hour net body balance, the following
equation is used:
(Total amount of dialysate instilled + intake) (Total fluid drained from dialysis + output) =
Total body balance for 24 hours

To determine the effecti veness of PD, the net gain or loss
is calculated by the following equation:
Total dialysate intake - Total ultmfiltrate ootput = Net loss or gain

Additional documentation specific to PD includes patient
and parent education and assessment of their level of
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understanding and comfort with the information. Documentation also includes a description of the child's tolerance of
PD. Appearance of the insertion site, the presence of any
fluid leakage, and a description of the fluid drained out of the
peritoneal cavity are documented at each shift.

Continuous ArteriovenouslVenovenous
Hemofiltration
Continuous arteriovenous hemofiltration (CAVH) and continuous venovenous hemofiltration (CVVH) provide two
conceptually similar methods for slow, continuous removal
of fluid and solutes from the body, enabling continuous
adjustment in the child's fluid status. Slow continuous
hemofiltration is especially important in the critically ill
child in whom a predictable fluid and solute removal process
allows a more liberal approach to intravenous intake of
necessary nutrition and medications.
Hemofiltration can usually be successfully initiated in
patients in whom PD or hemodialysis is contraindicated.
Compared with hemodialysis, special equipment and the
need for extra personnel are minimized with CVVH.
Principles of Therapy. Uniquely different from
PD and HD, CVVH removes excessive fluid and solUles
through ultrafiltration. The process requires continuous
extracorporeal circulation of blood through a filter.
With CVVH, a hemopump is used to pump blood through
the hemofilter using two separate venous cannulas or
two separate ports from a single multilumen cannula
(Fig. 21-10). Different machinery is available for CVVH,
and the simplicity of the therapy is determined by the
machine.

Fig. 21-10 Pump-assisted continuous venovenous hemofiltration (CVVH). (Courtesy The Children's
Memorial Hospital, Chicago, Ill.)
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As blood moves through the highly permeable hemofilter, water and low-molecular-weight molecules are removed
through ultrafiltration. Variations in hemofilter size and
shape are commercially available. Cylindric hollow filters or
parallel plate filters are two commonly used types. Options
in membrane type, surface area, clearance rate, and volume
are commercially available.
Similar to that which occurs within the vascular space,
ultrafiltration occurs as the net result of the opposing forces
of hydrostatic and oncotic pressure. Hydrostatic pressure
(determined by the hemopump's blood flow rate) provides
the force necessary to filter blood on one side of the
membrane, as oncotic pressure (detennined by the concentration of plasma proteins) pulls fluid back into the system
on the other side of the membrane (see Fig. 21-6). Initially,
hydrostatic pressure is greater than oncotic pressure, and
thus water and small particles move out of the serum into the
ultrafiltration collection fluid. At this point, depending on
the concentration of plasma protein that establishes the
plasma oncotic pressure, water is pulled back into the
venous side of the circuit and ultrafiltrate (UF) is drained
into the collection bag.
UF has the same solute load as the patient's serum.
Potassium, sodium, chloride, urea, and creatinine are all
small molecules that freely move across the hemofilter.
Glucose and other moderate-size molecules move slowly
across the hemofilter. Plasma proteins, which are large-size
molecules, do not cross the hemofilter. Therefore all plasma
proteins are returned to the patient and UF is protein free.
As water and small molecules are removed, plasma
oncotic pressure increases. The net effect of oncotic and
hydrostatic pressures becoming more equal is a decrease in
the rate of ultrafiltration over time. At this point the patient's
serum osmolarity is maintained as sodium, potassium, and
chloride are removed and creatinine, urea, and glucose are
filtered in concentrations equal to that of plasma.
The process of fluid and solute removal has distinct
features that make hemofiltration the therapy of choice for
many children with ARE The slow process allows relative
hemodynamic stability during volume removal. In addition,
it is a continuous therapy, allowing constant readjustment
in the treatment plan as the patient's needs change.
Compared with HD, the extracorporeal circuit volume is
small and there is a relatively low risk of bleeding. This
aspect is especially important in infants and patients with
existing coagulopathy. The major advantage over PD is that
ventilation during hemofiltration is not affected by the
abdominal distention that occurs during the dwell phase
of each PD run.
A disadvantage to simple hemofiltration is that it does not
remove solutes such as urea as efficiently as desired for
some patients. Large solutes also are poorly cleared. Small
ones, although cleared, are removed slowly. Therefore
hemofiltration without dialysis may not be the therapy of
choice for patients with azotemia.
The clearest indications for simple hemofiltration are
fluid overload, which is resistant to diuretic therapy, and
electrolyte imbalance. One common use of hemofi ltration is
to improve nutritional intake for patients who cannot

tolerate a POSitive fluid balance. Increased amounts of
parenteral nutrition can be administered because excessive
fluid volume can be continuously removed. The controlled
fluid management specifically benefits patients with multisystem organ dysfunction syndrome (MODS). In addition,
some evidence suggests the effective clearance of cytokines
present in children with shock.
CAVH therapy works similarly to that described earlier
for CVVH. The main differences include access, adequacy
of cardiac output, and interactions with the system. CAVH
requires arterial access for blood removal from the body.
The driving force is the child's cardiac output. Thus if
cardiac output is less than optimal, the hemofiltration will
also be less than optimal. Use of a blood pump is not
generally required because the child's cardiac output drives
the system. Interactions with the system include raising or
lowering the ultrafiltration bag to decrease or increase the
ultrafiltration amount. Because CAVH is used much less
frequently than CVVH, the remainder of this section focuses
on CVVH.
Procedure. Venous cannulation sites must accommodate the largest size cannula possible because system
performance is directly related to the amount of blood flow
through the hemofilter. Infants have adequate filter flow
through 7 French (internal lumen) catheters. In the best
situation, a double-lumen catheter is used to eliminate the
need for two separate sites and catheters. Femoral and
jugular access are most common. If two separate cannulas
are used, drainage and return cannulas are generally the
same size for optimal flow. When the gauge of the drainage
cannula is less than optimal, improved circuit flow may be
achieved when the return cannula is one to two gauge sizes
larger than the drainage cannula. Return cannula size
determines resistance of blood flow back to the patient and
affects flow throughout the circuit. One venous cannula/line
often pulls more effectively than the other. If this is the case,
simply reversing the drainage and return lines may improve
system performance. The procedure for gaining vascular
access is the same as for any central line.
Preparation of the circuit is completed before gaining
vascular access. If access is obtained before preparation of
the circuit, the cannulas are heparin packed, then capped.
Assembly and priming of the circuit are institution
specific. General principles include the maintenance of
aseptic technique during flushing of the circuit with I to 3 L
of heparinized saline, the volume determined by the type of
filter used. The concentration of heparin may vary by
institution. The system is flushed to remove air and all traces
of glycerin, a byproduct of the sterilization process.
Most pediatric patients benefit from priming the hemofilter with packed red blood cells or 5% albumin; again, this
is done according to institution policy and patient size.
Depending on the size of the hemofilter, the circuit volume
varies.
A continuous heparin infusion, attached prefilter, is
necessary to keep the system from clotting. It is initially
infused at a rate of 10 U/kg/hr and then titrated to maintain
an activating c1o11ing time (ACT) within an individual
therapeutic range (usually 180 to 200 seconds or 10% over
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baseline). Patients with thrombocytopenia may not require
anticoagulation. Some centers prefer regional heparinization
of the hemofilter. This may be accomplished by infusion of
sodium citrate, which acts by binding with calcium ions.
Side effects of citrate include hypercalcemia, hypercitratemia, and metabolic acidosis 43
Once vessel access has been achieved and the circuit has
been primed, it is connected to the patient. The drainage side
is connected to the patient first. Clamps are used to assist the
team in establishing the extracorporeal circuit without air
entry or unnecessary blood loss.
Maintenance. Pump-driven CVVH provides the hemofilter with constant blood flow, which results in a
consistent ultrafiltration rate (UFR) that can be precisely
controlled. Ordered pump speed, adjusted in milliliters per
minute, depends on cannula size, intravascular volume, and
desired UFR with solute clearance. Pump speeds should be
maintained at a certain level depending on the size of the
patient to prevent filter clotting.
Fluids need to be infused through the appropriate site on
the circuit. Except for albumin, replacement fluids are
generally delivered before the filter. Fluid administration
before the hemofilter decreases the hematocrit, blood
viscosity, and oncotic pressure. In combination, these
factors improve blood flow through the hemofilter, decreasing the need for heparin therapy. Also, prefilter replacement
fluid administration may prolong the life of the filter and
circuit. 43
Albumin is administered after the filter because it may
decrease the patency of the hemofilter. Medications are also
administered after the filter to avoid hemofiltration of the
medication.
Monitoring. Fluid balance assessment and calculations require vigilant monitoring and documentation, which
may be time consuming. Older technology requires manual
calculation of fluid balance and use of additional infusion
pumps separate from the blood pump. This system requires
hourly evaluations of ultrafiltrate removed to determine
replacement fluids and hourly balance. The newest technology for CVVH therapy is a system that performs the therapy
independent of additional pumps or manipulations of the
circuit. The PRISMA pump (Gambro, Lakewood, Colo.) is
an example of this type of system (Fig. 21-11). This system
infuses and removes fluid based on a computerized
weighted system. When programmed, the system achieves a
net fluid removal per unit of selected time. This feature
saves nurses time by eliminating the need for routine
calculations and pump manipulations. It benefits the child
by providing immediate fluid replacement from continuously calculated data.
Hemofiltration requires ongoing monitoring of the patient and extracorporeal circuit. Circuit pressures are monitored as a safety alarm to immediately identify inadvertent
patient disconnection or changes in pressure in the system.
The PRISMA system has the advanced technology of a
detailed alarm system that displays alarms in a hierarchy
depending on potential risk to the child.
The child's volume status and cardiac output are affected
over the time of fluid removal. Trends in laboratory results,
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CVVHDF

Fig. 21-11 PRISMA machine in use with CVVHDF. Tube A
represents blood flow from patient to machine and through the
filter; B represents filtrated fluid, ultrafiltrate; C represents replacement fluid; D represents dialysate fluid; E represents blood flow
returning to patient.

intake and output totals, patient weights, and vital signs are
critical assessment parameters.
The cardiovascular examination is crucial. Perfusion. to
the extremities distal to the cannulated vessels may diminish. Ongoing assessment of the presence and quality of
pulses and sensation and movement of extremities is
necessary. Vigilant monitoring of the patient's hemodynamic status is critical. Inadvertent errors in calculating fluid
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removal may be discovered by decreases in the blood
pressure, central venous pressure or elevated heart rate.
Serum sodium, potassium, and chloride are removed in
proportion to the fluid volume filtered, and shifts in these
electrolytes occur as a result of the therapy. Changing
acid-base status may also affect electrolyte levels. The
volume and type of replacement fluid are readjusted, depending on the needs of the child. A reduction in the serum
BUN and creatinine level is gradually appreciated.
Nutritional management for the child receiving hemofiltration is usually welcomed in the previously fluid-restricted
child with large metabolic needs. Provision of optimal fluid
volume and calories are best determined by the multidisciplinary team, which includes the critical care team, renal
team, nutrition support services, and pharmacist. The
replacement fluid, generally a modified solution of lactated
Ringer's solution, can be a separate source of intake. In
some systems, the volume varies to ensure that the desired
volume of fluid removed matches the net volume of fluid
removed. In other systems, the replacement fluid remains
the same consistently, and net volume removed is based on
other intake and output of the patient and desired net
balance.
The critical process of addressing the high risk of
infection associated with this therapy begins with strict
adherence to aseptic technique. Surveillance cultures from
the circuit are institution specific and may be done daily.
Cannula care is the same as that given for any central line.
Meticulous attention to preventing contamination is necessary, and any need to enter the circuit warrants careful
consideration.
While receiving this therapy, the child's hematologic
status may be compromised by anticoagulation. Frequent
ACTs are necessary to evaluate the amount of heparin
needed. After an appropriate rate for continuous infusion has
been determined, the frequency of these tests may decrease,
and a partial prothrombin time may be used for monitoring. 44 Assessment of the child's ability to establish and
maintain hemostasis is ongoing. This assessment includes
checking for guaiac-positive nasogastric drainage or stool,
hematuria, oral/nasal or mucosal bleeding, petechiae, and
oozing from wounds or venipuncture sites. Neurologic
assessment is critical in the coagulation evaluation, especially in infants.
The impact of hemofiltration on the pharmacokinetics of
all drugs the patient is receiving is evaluated. Clearance of
nonprotein-bound drugs is enhanced with hemofiltration.
Anticipating enhanced clearance is critically important,
especially in the child who is vasopressor dependent.
Enhanced clearance of insulin and some antibiotics, including the aminoglycosides and cefuroxime, also occurs. In
general, because the extracorporeal circuit adds "body
surface area" to the patient, the dosage of all nonproteinbound drugs is increased (see Table 21-9). Both dosage and
timing of medication administration are best determined by
evaluation of peak and trough drug levels. Sieving coefficients, which describe the concentration gradient of a
molecule in the UF as compared with that of plasma, can be

used to calculate therapeutic dosages during hemofiltration
(Table 21- I3).
Hypothermia is another area of monitoring that is
important to the child receiving CVVH therapy. Because no
warming device is built into the commercially available
systems, careful temperature monitoring is necessary.45 This
factor is especially important in the small infant who has yet
to develop adequate thermoregulation.
The child's level of comfort is best evaluated with the
patient and parents. Changes in the child's heart rate and
blood pressure are integrated with assessments of behavior,
facial expression, playfulness, and interaction with others.
Hemofiltration should not cause pain. Use of analgesia is
generally not indicated. Sedation, in an adjusted dose for
renal failure, may be helpful in allowing the child to be less
anxious. thereby maximizing rest and preventing accidental
dislodgment of the cannula(s). Provision of some environmental control, the presence of parents, and a routine of
day-night activities may serve to minimize the child's fear
and lessen discomfort from unfamiliar physical and emotional feelings.
Using a complex technology to provide ultrafiltration at
the bedside has specific implications for the care of the child
and parents. The appearance of the blood circulating outside
the body can be frightening and worrisome to families.
Continuous observation and hourly monitoring may minimize the parents' sense of control and may maximize their
feelings of helplessness. Because of the presence of a large
central cannula, the child's mobility is usually restricted. It
is a nursing challenge to help the child find a comfortable
position and to include parents in the care of their child.
Addition of child life therapy to the healthcare team can be
invaluable for the mobility-restricted child.
Parents can best identify how much information they
would like to receive about the care required of their child
supported on CVVH. Knowledge about the need for hourly
collection of data and the frequency of blood draws from the
line may be helpful for some parents. The security
precautions inherent in the circuit and anticipatory information about the expected necessity for routine circuit changes
are examples of other kinds of information that some parents
may find helpful.
Complications. Ongoing monitoring of the circuit
requires skill and experience in troubleshooting complications. Unintentional decreases in ultrafiltration may be the
result of changes within the child or circuit. As circuit
flow diminishes, UFR decreases, and hemofilter patency is
at risk.
Inadequate blood flow through the circuit can also result
from cannulas that are too small, vascular access thrombosis, kinks in the tubing, or clotting of the hemofilter or
cannulas. Occlusion can occur anywhere in the circuit.
lnspecting the entire circuit for kinks and clots is a first step.
Prefilter hemodilution at 30 to 50 mUkg/hr may be helpful
in preventing clot formation. Prefilter volume is easily
removed by the filter.
When the hemofilter begins to clot, dark red streaks
appear. Another hint that the filter is clotting is an increasing
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TABLE

21-13

ntibiotics
ikacin
photericin B
picillin
efmenoxime
foperazone
.efotaxime
fotiam
efoxitin
eftazidime
eftriaxone
ephapirin
Hastatin
iprofloxacin
Iindamycin
xycycline
thromycin
uconazole
ucytosine
tamicin
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Drug Sieving Coefficients During Hemofiltration
Observed

Expected"

0.95
0.35
0.69
0.54
0.27
1.06
0.95
0.83
0.90
0.20
1.48
0.75
0.58
0.49
0.40
0.37

0.95
0.10
0.80
0.58
0.10
0.62
0.60
0.59
0.83
0.15
0.55
0.56
0.60
0.40
0.20
0.30
0.88
0.90
0.95
0.80
0.80
0.68
0.20
0.95
0.05
0.80
0.50
0.80
0.65
0.60
0.10
0.95
0.90

l.OO
0.80
0.81
0.90
0.84
0.71
0.55
0.93
0.02
0.80
0.68
0.82
0.30
0.30
0.05
0.90
0.80

Sieving Coefficients

Miscellaneous
Amrinone
Bromide
Chlordiazepoxide
Cisplatin
Clofibrate
Cyclosporine
Diathybarbital
Diazepam
Digoxin
Digitoxin
Famotidine
Glyburide
Glutethimide
Lidocaine
Lithium
Metamizole
N-Acetyl procainamide
Nizatidine
Nitrazepam
Nomifensin
Oxazepam
Phenobarbital
Phenytoin
Phosphomycin
Procainamide
Ranitidine
Theophylline

Observed

Expected"

0.80

0.70

LOO

l.OO

0.05
0.10
0.06
0.58

0.05
0.10
0.04
0.10
0.90
0.02
0.80
0.05
0.85
0.01
0.50
0.36

LOO
0.02
0.70
0.15
0.73
0.60
0.02
0.14
0.90
0.40
0.92
0.59
0.08
0.70
0.10
0.80
0.45
0.24
0.86
0.78
0.80

l.OO
0.40
0.90
0.65
0.10
0.40
0.10
0.60
0.10
0.90
0.86
0.85
0.47

:;§i'!

lirftom Golper TA, Marx MA: Drug dosing adjustments during continuous renal replacement therapies, 1m Soc NephroI66:S165-t68. t998.
;Ii-The expected coefficient assumes that protein binding is the sole determinant of drug sieving and that protein binding is in healthy subjects. Observed
~~oefficients correlate with expected coefficients with r = 0.74 and P < 0.001.

need for heparin to maintain ACTs between 180 and 200
seconds. To assess hemofilter patency, a rapid prefilter
flush of normal saline solution or heparinized normal saline
(I VIm!) through the hemofilter into the collection bag with
both lines clamped is administered. If an organized clot is
present within the hemofilter, the dark streaks will not
disappear with flushing.
Clotting within the hemofilter decreases the UFR and
necessitates hemofilter change. If the hemofiIter is totally
occluded, the circuit is replaced immediately to preserve
patency of the cannula. Once the new circuit is in place,
fluid and heparin management is reevaluated. With the new
circuit, improved ultrafiltration and fluid loss can be
anticipated. An increase in the heparin infusion rate may be
warranted to decrease the incidence of future clotting. If a
new circuit cannot be placed immediately, the circuit is

disconnected, and the cannula preserved by packing with
heparin (5000 V/ml).
The potential for a lethal occurrence of cannula disconnection warrants the frequent inspection of the entire circuit
for tightly secured connections. Two major concerns include
exsanguination and air emboli. If disconnection occurs,
aseptic reconnection needs to rapidly occur. Immediate and
temporary clamping of the circuit may prevent air entry. If
air is present in a CVVH circuit, it is removed by syringe
from the postfilter venous port before reconnecting and
reestablishing flow through the circuit.
Hemofiltration systems require a postfilter bubble detection system. If air is detected, the pump is automatically
stopped to halt the forward flow of blood. Air is then
manually removed. An additional problem related to the
actual circuit is spontaneous hemofilter capillary rupture.
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Rupture of hemofilter capillary fibers occurs if the transmembrane pressure exceeds the manufacturer's guidelines.
This problem is evidenced as a change in the UF color from
clear pale yellow to pink or red and requires immediate
removal and replacement of the hemofilter.
Documentation. Accuracy in documentation during
hemofiltration is critical to evaluate the effectiveness of the
therapy. Depending on the specific features of the therapy
used, equipment involved, and flexibility of the standard
PICU flow sheet, the documentation of hemofiltration can
take on many appearances.
Documentation of the intake and output vary, based on
institution documentation standards. Generally, sources of
intake are recorded as intravenous (IV) fluid, including
replacement fluid, dialysate (if used), nutritional infusions,
vasopressor infusions, heparin infusions, and sources of
gastrointestinal (GI) intake. Output includes ultrafiltrate,
urine, blood, and GI losses. Intake and output per hour are
recorded, as well as the net UF volume per hour.
Depending on the institution's documentation guidelines,
calculation of intake and output sections will vary. When
using the PRISMA system, calculation of the net fluid
removal rate (i.e., net negative 20 ml/hr body balance) will
be done, as opposed to calculation of the replacement fluid
(Fig. 21-12). In this calculation, the replacement fluids are
not calculated because the PRISMA automatically removes
the replacement fluids. The following equation is used:
Amount of hourly fluid intake - Amount of hourly output
[+ (Net negative hourly balance) or - (Net positive hourly
balance)] = Patient fluid removal rate to be set for that hour
Example: Prescribed net hourly balance is -20 ml) (the patient
is fluid overloaded)

Fig.21-12

Intake

Output

Hyperalimentation = 100 ml/hr
Vasopressors = 5 mJlhr
Enteral feeds = 5 ml/hr

Urine =7 ml
Gasuic drainage = 13 ml
Blood loss = 5 ml

ItO (Intake) - 25 (Output) + 20 (Net negative balance)

= 105

When the machine is set to remove 105 ml for that hour, the
patient will be net negative 20 ml.
Example: Using the same intake and output but the
prescribed net hourly balance is +20 (the patient is dehydrated)
ItO (Intake) - 25 (Output) - 20 (Net positive balance) = 65
When the machine is set to remove 65 ml for that hour. the
patient will be net positive 20 ml.

Using other systems, however, may require calculation and
hourly programming of replacement fluids. To do this, the
following equation is used:
Amount of replacement fluid to be given over upcoming hour =
Total UF volume in bag - Total amount dialysate
infused over previous hour - Total fluid intake
for previous hour (not including last hour's
replacement fluid) - Desired net UF volume per hour

Confirming the calculation to be used with the healthcare
team is imperative. Using the incorrect calculation may
cause severe fluid imbalance and resultant hemodynamic
instability in the critically ill child.
Routine documentation also includes the child's ACT
results, the blood pump speed, the appearance of the
hemofilter, and the UF color. Observations of the system and
arming of bubble detector alarms for safety maintenance
may be recorded in the form of a checklist.

CVVH flow sheet. (Courtesy The Children's Memorial Hospital, Chicago, Ill.)
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Observations of the child's coagulation status, tolerance
of the therapy, and the appearance of the catheter insertion
sites are generally best documented in the nursing note.
Education provided to the child and family and the
identification of further learning needs are included in the
record to ensure continuity of care for the child and family.
Modifications to Hemofiltration. Slow continuous
ultrafiltration (SCUF) is one modification to hemofiltration.
Ultrafiltration occurs according to the same principles
described for CVVH but at a slower rate without replacement fluid. Thus solute clearance is both inefficient and
ineffective. SCUF is used to prevent overhydration while
maintaining intravenous fluids and nutritional balance. The
desired hourly UFR is based on the patient's intake to
maintain hemodynamic stability.
Another variation to therapy, continuous venovenous
hemodiafiltration (CVVHD), differs from CVVH because it
enhances solute clearance through diffusion. CVVHD is
indicated for children with catabolic and uremic conditions
complicating ARF. This system allows dialysate to flow over
the outside surface of the filter countercurrent to blood flow
on the inside surface of the filter. This provides optimal
diffusion transport of solutes and urea from the patient's
blood to the Ufo CVVHD pulls larger molecules and
proteins across the filter. Hourly measurements from the UF
collection bag include the volumes of both dialysate infused
and UF removed. Subtraction of the hourly dialysate volume
infused from the volume collected in the UF collection bag
results in the volume of actual UF removed.
The amount of UF produced can be altered through the
interventions described under simple hemofiltration. Dialysate is usually prescribed by the nephrology team. High
osmolar dialysate concentrations further increase UFR.
Careful surveillance of the patient's hemodynamic status
and routine monitoring of electrolyte levels are essential in
evaluating the effectiveness of CVVHD for fluid and solute
clearance.
CVVHDF is CVVHD with filtration. This technology
uses both diffusion and convection to maintain fluid and
electrolyte balance and control azotemia. It differs from
CVVHD in that it uses a replacement fluid and CVVHD
does not. The specific type of hemofiltration used depends
on the clinical situation.

Hemodialysis
HD rapidly restores fluid, electrolyte, and acid-base balances and is more efficient in removing nitrogenous wastes
than any other currently available form of therapy. More
cumulative experience exists with HD than with any other
therapeutic modality for management of acute renal failure.
Newer single and dual-lumen vascular access permits HD in
smaller infants and young children. HD monitoring equipment and blood lines with minimal extracorporeal blood
volume make HD available for infants less than 5 kg. 34 HD
may be the treatment of choice for several reasons. It is
possible to calculate the amount of time necessary to remove
a particular solute load for a given patient. This capability
affords a sense of control and predictability in the manage-
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ment of life-threatening imbalances. In addition, depending
on the availability of an HD team and appropriate system,
HD can be rapidly initiated in the PICU. HD is also the only
treatment available for certain toxic ingestions. The charcoal
membrane used in HD removes some poisons, such as
chloramphenicol and theophylline, that are not cleared by
another type of membrane. Finally, HD may be the only
available intervention when PO is contraindicated.
Principles of Therapy. PO and HD use the same
principles that govern fluid and solute movement across a
semipermeable membrane. Diffusion and osmosis occur
relative to the concentrations and osmotic gradients present
between the child's serum and the dialysate. Similar to PD,
the goals of therapy determine which percentage of dialysate is used. Unlike PO, HD requires extracorporeal
circulation. A dialyzer pumps blood and dialysate through
the system in opposing directions. Countercurrent flow
provides an efficient exchange of solutes. The rate of flow
through the dialyzer and the length of each exchange can be
controlled.
Urea, creatinine, and potassium are usually present in
greater concentration in the patient's serum than in dialysate; therefore these solutes rapidly diffuse from the blood to
the dialysate and are removed from the body. Diffusion is
the predominant mechanism for effective clearance in
hemodialysis. Bicarbonate, an alkalizing agent present in
dialysate, moves from the dialysate to the blood and
provides treatment for metabolic acidosis. Additional molecules can be removed through convective dialysis, where
rapid fluid shifts from the blood to the dialysate tend to pull
solutes along.
Procedure. Before HD, intravenous access is evaluated or obtained. Although in rare situations native arteriovenous (AV) fistulas are available, femoral vein or superior
vena cava cannulation is common. Access usually requires
a catheter with a larger bore and a shorter length than
standard central venous catheters. The use of peripheral
veins in the pediatric population necessitates the use of
smaller catheters. Difficult volume and hemodynamic management may be the consequence. The smaller catheters
result in increased resistance to flow from the dialyzer
returning to the patient. This increased resistance results in
an increase in hydrostatic pressure in the dialyzer, thereby
increasing UF and fluid removal. Despite the associated risk
of infection with the use of femoral vessels, this location
may be the best choice. Venous cannulation of two separate
locations or one with double-lumen capacity may be used.
Several dialyzers are commercially available. The
choices for appropriate HD blood lines and dialyzer are
dictated by the body surface area and intravascular blood
volume of the child. When choosing a circuit, it is important
to keep the extracorporeal volume (tubing plus dialyzer) less
than 10% of the patient's total blood volume. 41 The smallest
circuit volume currently available is 45 m!. This system,
primed with whole blood, can be used in infants. In addition,
there is a selection of membranes for desired effects.
High-efficiency dialyzers employ membranes that have a
larger surface area so that small solutes may diffuse more
rapidly. High-flux dialyzers incorporate membranes that
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have larger pores and yield higher clearance of water and
larger solutes. 36
Maintenance. Detennined by the goals of therapy,
the HD team prescribes the length of exchange time.
Amounts of glucose, acetate, sodium, calcium, and potassium are variably added to the dialyzing fluid, depending
on the patient's situation. The length of one HD exchange usually extends over 2 to 6 hours. Some fonn
of heparinization is required to prevent clot fonnation
within the circuit, although 4-hour treatments may be
undertaken heparin free with new biocompatible membranes. 46 If heparin is needed, baseline coagulation profiles are necessary before initiating HD. ACTs are monitored to ensure the maintenance of a therapeutic dose
without toxic effects. ACTs between 150 and 200 seconds
permit adequate anticoagulation with minimal bleeding
risks.
Solute clearance depends on several factors, including
the rates of blood and dialysate flow and the surface area and
permeability of the membrane. The rate of urea and water
removal can be calculated. lnfonnation about the patient's
serum level of solute is an important component of this
calculation. The actual serum value, the rate of urea
production, the patient's metabolic rate, and the child's
protein intake all playa part in detennining the rate of urea
clearance.
The acceptable rate of solute clearance is affected by how
the child tolerates HD. Because solutes are rapidly removed
from the serum but slowly removed from the brain, an
osmolar gradient or disequilibrium between the intravascular and intracellular space may develop. This gradient
results in fluid shifts and cerebral edema. The child with
disequilibrium syndrome may exhibit confusion, irritability,
headache, nausea, vomiting, and seizure activity. This
syndrome seems to occur more when the BUN falls more
than 35% with therapy. Consequently, initial treatments may
be shortened to avoid this syndrome. Some centers use
intravenous mannitol (0.5 g/kg) during the initial exchange
to minimize disequilibrium effects.
Bedside HD of critically ill pediatric patients requires the
collaborative expertise of both PICU and HD nurses. Before
beginning HD, the expectations of each nurse are clarified.
Usually the PICU nurse continues to manage ongoing care,
the HD nurse manages the therapy, and together they
collaboratively manipulate vasopressors, volume, and fluid
and solute removal within established guidelines to manage
the patient through the procedure. Communication between
nurses is key because both will be continuously assessing
the patient.
Monitoring. Assessment of the patient's intravascular
volume status is an ongoing responsibility. When HD is
initiated, a relative hypovolemia may develop owing to the
external circulation of the child's blood in the amount of the
circuit volume. Progressive hypovolemia and hypotension
are possible as therapy progresses. It is not uncommon to
initiate or increase the dose of vasopressors during HD. The
treatment objective is usually to establish and maintain
intravascular nonnovolemia, but expedient and/or large
volume removal challenges this objective. Furthennore, the

flow rates may need to be decreased to maintain hemodynamic stability.
At the beginning of a HD session, hypoxemia may be
seen with a decrease in the arterial P0 2 by as much as
20 nunHg. A potential cause for this phenomenon is
activation of the complement system, which occurs when
a cellulose membrane is used. Another potential cause
for this phenomenon is hypoventilation, which may occur
with either an acetate or bicarbonate bath. The effect
usually peaks at 2 hours and usually recovers I to 2 hours
after the dialysis session. 36 Patients already receiving
oxygen therapy may require a higher percentage during this
period. The use of acetate as a buffer in dialysate may
contribute to the development of relative hypovolemia
because acetate decreases systemic vascular resistance.
Switching to a bicarbonate-based bath improves cardiovascular stabili ty.
Hypervolemia may occur if too much fluid is returned to
the patient. A common time for this imbalance is at the end
of an exchange when the child may be receiving additional
blood products. Additional HD time for fluid removal may
be required.
Dysrhythmias may occur from electrolyte or acid-base
imbalance. Hypotension, which decreases coronary perfusion pressure, and hypokalemia are two of the most common
causes of dysrhythmias during HD.
Part of the routine surveillance of the patient's coagulation status includes following trends in the platelet count and
monitoring ACTs. A relative thrombocytopenia may develop
as platelets adhere to the dialyzer membrane over time.
Frequent monitoring of the dialysate and the child's
temperature are important for several reasons. As for any
patient with central vascular access, the risk of infection
is increased. Daily surveillance cultures from dialysis
tubing and dialysate are generally a part of institutional
policy. Any elevation in temperature raises suspicion of
infection, and a septic workup results. Urea may function
as an antipyretic, and thus as the patient's serum urea begins
to drop, an occult fever may appear, warranting further
investigation. Hypothermia may also be identified, which
can be improved by increasing the temperature of the
dialysate bath. The standard dialysate bath is warmed to
37° C but may range between 35° C and 40° C depending
on the clinical circumstance. 41
Continuous monitoring of the child during HD includes
observation of the blood in the circuit for color and clots
and inspection of the circuit for leaks, loose connections,
and the characteristics of flow. Nurses must assess the
child's catheter insertion site or sites at each shift for skin
integrity, bleeding, and signs of infection. The HD circuit
uses pumps, thereby increasing the risk of air embolism.
An air bubble detector alarm system is critical to safe care
of the patient.
Documentation. Documentation during HD is a
shared responsibility between the HD and PICU nurse. The
HD nurse usually documents procedural infonnation, for
example, fluid intake, laboratory results, medication administration, and the amount of UF output. The PICU nurse
usually documents the child's tolerance of the procedure
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and observations and assessments of the family, as well
as identified needs and teaching. Documentation of information that is jointly monitored is institution specific.
Optimal use of the record by the entire healthcare team
essential.
Complications. Although HD is the more familiar
form of treatment for ARF, several potential complications
can result. Complications may be exacerbated in a patient
with small initial circulating volumes or hemodynamically
instability. Common complications of HD include hemodynamic instability resulting from UF and osmolar losses,
temperature irregularity, and complement activation 41 The
most common complication is hypotension, which may be
corrected by UFR reduction. Other complications include
dialysis disequilibrium syndrome and hypokalemia. The use
of heparin leads to the possibility of bleeding. Circuit
disconnection, infection, and transfusion reactions are other
possible complications. Close monitoring is the cardinal
rule. Communication between the bedside and the dialysis
nurse is essential.

Renal Critical Care Problems

763

SUMMARY
Various therapies are now available to support the patient in
ARE Research in the identification of risk factors associated
with ARF may allow earlier intervention, which may
minimize the occurrence of ARF or limit mortality. Pediatric
nursing research is needed to help guide practice related to
the care of patients requiring renal replacement therapy.
Survival of the child with ARF who undergoes renal
replacement therapy depends on the age of the child and the
cause of the ARE Children who are young or small have
poorer survival rates than their older and larger counterpartS. 46 The presence of such conditions as MODS makes
the therapies available difficult to use because of the
baseline hemodynamic instability of the child. Care of the
patient in ARF is complex, requiring the combined expertise
of an extensive multidisciplinary team. Collaboration within
the team provides the best plan of care for each patient. The
challenge for nursing is to help facilitate team communication and advocate for care that is in the best interest of the
patient and family.
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