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Section II

Chapter

36
Signs and symptoms

Polyuria
JamesW. Heitz

� Iatrogenic overhydration is a common cause of polyuria after surgery.
� Diabetes insipidus and cerebral salt wasting syndrome may cause polyuria

after craniotomy or head injury.
� Hyperglycemia may cause postoperative polyuria and may occur in the

absence of a prior history of diabetes mellitus.

Polyuria is a condition of excessive production of urine. Polyuria may be defined as an
output exceeding 3 l/day in adults and 2 l/m2/day in children. This definition is not entirely
adequate for the perioperative period, since it is often necessary to recognize and treat
polyuria before 24 hours of urine has been collected. Although no single definition of
perioperative polyuria has been universally accepted, urine output exceeding 4 to 5 ml/kg/hr
is excessive. The differential diagnosis of polyuria is unique after surgery and relatively
narrow (see Table 36.1).

Iatrogenic overhydration
Polyuria is often merely the appropriate response of the kidney to volume overload.
Polyuria may be noted in the early postoperative setting owing to intravenous crystalloid
infusion during surgery. Perioperative care includes the attempt to replace fluid deficits due
to preoperative fasting, bowel preparation, preoperative emesis, diarrhea, or nasogastric
tube suctioning. Inaccurate estimation of preoperative fluid deficit may lead to clinically
excessive volume resuscitation. Additionally, intraoperative fluid losses including insensible
losses due to evaporation are highly variable between patients and dependent upon ambient
environmental conditions. Overestimation of operative fluid loss may also cause excessive
volume replacement and resulting polyuria.

The timing of polyuria in the postoperative setting may be affected by the extensiveness
of surgical resection. The surgical stress response may increase a number of hormones that
favor perioperative fluid retention including aldosterone, antidiuretic hormone (ADH), and
renin–angiotensin II.[1,2] Mobilization of infused crystalloids after extensive surgical pro-
cedures is delayed and most typically observed on postoperative Day 3.

The detrimental effect of iatrogenic overhydration on outcome is controversial, but
may include impairment of wound healing, pulmonary edema, and cardiac complications.[3]
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In contrast, the polyuria secondary to overhydration is typically benign, self-limiting,
and not associated with significant electrolyte abnormality.

Hyperglycemia
Glucose is not normally present in urine. Elevated plasma glucose causes glomerular
filtration of glucose which may exceed the ability of the renal tubule to reabsorb glucose.
Glucosuria results when plasma glucose exceeds this critical reabsorption capacity (renal
threshold), which is approximately 180 mg/dl. The renal threshold is variable, and
glucosuria may present only at markedly higher plasma glucose levels in some
individuals.[4]

Hyperglycemia may develop in the postoperative period in surgical patients with known
or undiagnosed diabetes mellitus, as well as in non-diabetic individuals secondary to the
surgical stress response or glucocorticoid administration. Postoperative polyuria should
raise suspicion for possible hyperglycemia. Hyperglycemia does not cause polyuria in the
absence of glucosuria, so polyuria caused by hyperglycemia may be detected by either
testing serum glucose level or urine for the presence of glucose. Left uncorrected, the
osmotic diuresis of hyperglycemia will cause volume depletion and hypokalemia. If diabetic
ketoacidosis or hyperglycemic hyperosmolar non-ketotic coma (HHNK) develops, surgical
mortality is increased.

Diuretics
Mannitol is a monosaccharide which causes an osmotic diuresis. It is most typically
administered for reduction of intracranial pressure by cerebral dehydration or to increase
urine production for renal protection from toxins such as myoglobin. The duration of
action of a typical bolus dose of mannitol is about 1.5 to 3 hours, so recent administration
of mannitol may be associated with polyuria in the very early postoperative setting. Acute
administration of mannitol causes increased serum osmolality, serum hyponatremia and
hypokalemia, although serum hyperkalemia has been reported with high dose mannitol
administration.[5] Glycerin, urea, or isosorbide are osmotic diuretics, particularly useful for
acute reduction of intraocular pressure, but are not typically encountered in the periopera-
tive setting. Other diuretics are less commonly administered perioperatively, but may have
comparatively longer duration of actions. Intravenous furosemide and bumetanide may
each exhibit a duration of action of up to 6 hours.

Table 36.1 Differential diagnosis of polyuria

Central diabetes insipidus Cerebral salt wasting syndrome

Urine output High Variable, may be high

Serum sodium High >145 mEq/l Low <135 mEq/l

Urinary sodium Normal <20 mmol High >25 mmol

Serum osmolality High >295 mOsm/kg Low <275 mOsm/kg

Urine osmolality <100 mOsm/kg >200 mOsm/kg

Urine color Clear Dark
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Diabetes insipidus
Polyuria and serum hyperosmolality (>285 mOsm/kg) should raise suspicion for diabetes
insipidus (DI). DI can either be caused by a deficiency of ADH release by the pituitary
(neurogenic DI) or unresponsiveness of the kidney to ADH (nephrogenic DI).

Neurogenic DI: DI may be caused by pituitary insufficiency of any etiology. Neuro-
genic DI is recognized most frequently after procedures around the pituitary fossa,
traumatic brain injury, craniotomies, and patients with pituitary infarction after post-
partum hemorrhage (Sheehan’s syndrome). The development of DI may be temporally
distant from the inciting trigger. A triphasic pattern of polyuria, recovery, and return of
polyuria is sometimes observed. Patients with traumatic brain injury often have a brief
period of neurogenic DI in the first 4 or 5 days after injury while ADH release is
inhibited followed by a week or more of improvement while stored ADH is released from
the partially recovering pituitary.[5–8] A third phase of DI may return if greater than 80%
of the vasopressin-secreting neurons have been damaged and may present weeks, months,
or occasionally years after the initial injury. Transsphenoidal pituitary adenoma resection
may also rarely present with a triphasic DI presentation, although only a very small
minority of these patients display polyuria after resection.[9] Transient DI may be a
positive prognostic variable and may correlate with successful resection of adenoma
and decreased neuroendocrine levels after surgery.[10]

Management: The polyuria of DI may be severe and the resultant urine colorless. Serum
hyperosmolality, hypernatremia, and low urine osmolality are commonly observed.
Decreased urine output after administration of desmopressin (DDAVP) is diagnostic and
therapeutic. Carbamazepine and chlorpropamide both increase the renal sensitivity to ADH
and may be useful clinically in the treatment of central DI.[11]

Nephrogenic diabetes insipidus: DI may occur despite normal ADH secretion by the
pituitary. Aquaporins are cell membrane proteins, which allow for cellular water passage.
Aquaporin-2 allows for reabsorption of water in the collecting tube of the nephron when
bound to ADH. If circulating ADH cannot bind normally to aquaporin-2, nephrogenic DI
ensues. Nephrogenic DI may be inherited or acquired. Acquired etiologies are more
common, particularly in the postoperative setting. A variety of medications have been
implicated in causing nephrogenic DI, but lithium is implicated more than any other
medication.[12] Lithium needs to be considered in the differential diagnosis of polyuria,
particularly for patients taking lithium or for trauma patients when medications are not
known. Other medications associated with nephrogenic DI are infrequently encountered in
the perioperative environment or rarely associated with nephrogenic DI.

Nephrogenic DI has been reported from infiltrative or granulomatous processes
(amyloid, sarcoid, Wegener’s, tuberculosis), which would be unlikely to be initially
recognized in the perioperative setting. However, four interesting presentations of peri-
operative nephrogenic DI warrant special mention. Craniopharyngioma resection results
in transient postoperative DI in as many as 90% of patients after resection.[13] Although
most patients experience central DI due to surgical disruption of ADH release, a
small subset of patients produce a defective form of ADH which competitively binds
to aquaporin-2 without stimulating water resorption.[14] These patients display an
ADH-unresponsive nephrogenic DI after surgery. Gestational DI may be observed in
the third trimester by a number of mechanisms both central and nephrogenic. Placental
production of the enzyme vasopressinase metabolizes ADH and produces an ADH-
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Table 36.2 Postoperative polyuria

Etiology Frequency Examples Laboratory abnormalities Management

Iatrogenic
overhydration

Common Crystalloid infusion
Absorption of irrigation fluids

Urine osmolality <250 mOsm/kg
Serum hyponatremia
Variably present

Observation

Hyperglycemia Common Diabetes mellitus
Stress hyperglycemia
Steroid administration

Glucosuria
Pseudohyponatremia
Hypokalemia
Acidosis (DKA)
↑osmolality (HHNK)

Insulin, potassium
supplementation

Mannitol Occasional Reduction of intracranial pressure (ICP), renal
protection during rhabdomyolysis

Serum hyponatremia, increased
osmolality, hypokalemia; rarely
hyperkalemia

Self-limited

Post-obstruction
diuresis

Common Bilateral ureteral obstruction causing
hydronephrosis

Supportive

Other
diuretics

Unusual Loop
� bumetanide
� ethacrynate
� furosemide
� torsemide

Potassium-sparing
� amiloride hydrochloride
� spironolactone
� triamterene

Carbonic anhydrase inhibitors
� acetazolamide
� methazolamide

Osmotic
� glycerin
� isosorbide

�
urea

Variable Self-limited
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Neurogenic
diabetes insipidus

Unusual Procedures of the pituitary, traumatic brain
injury, craniotomy, Sheehan’s syndrome

Hypernatremia, high serum
osmolality, low urine osmolality

DDAVP,
carbamazepine,
chlorpropamide

Hypercalcemia Unusual Hyperparathyroidism, paraneoplastic syndrome
(lung, breast carcinoma)

Calcium >14 mg/dl IV normal saline, loop
diuretic,
calcitonin

Nephrogenic
diabetes insipidus

Rare Pregnancy, craniopharyngioma, medications:
� lithium
� demeclocycline
� ofloxacin
� aminoglycosides
� cimetidine
� amphotericin

Hypernatremia, hyperosmolality Furosemide, NSAIDs

Cerebral salt
wasting syndrome

Rare SAH, traumatic brain injury, craniotomy Hyponatremia
Low serum osmolality

IV normal saline

Acute
thyrotoxicosis

Rare Graves’ disease, thyroid storm Elevated T3 or T4 Supportive, treatment of
hyperthyroidism

High protein
enteral feeding

Rare Jevity, Ensure Increased urea Decrease protein
content of enteral
feeding

Radiographic
contrast dye

Unusual Self-limited, hydration

Recovery from ATN Rare Decreasing blood urea nitrogen
and creatinine

Supportive

Sevoflurane Rare None Transient

DDAVP = desmopressin, NSAIDs = non-steroidal anti-inflammatory drugs, DKA = diabetic ketoacidosis, HHNK = hyperglycemic hyperosmolar non-ketotic coma, ATN = acute
tubular necrosis, SAH = subarachnoid hemorrhage
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unresponsive nephrogenic DI.[15] Correction of bilateral ureteral obstruction will produce
post-obstructive polyuria of mixed etiology in which nephrogenic DI may play a role.
Hypercalcemia, either due to hyperparathyroidism or as a paraneoplastic process, may
also cause polyuria via nephrogenic DI.

Management: Non-specific therapy for nephrogenic DI includes administration of thia-
zide diuretics. Administration of a diuretic in treatment of polyuria may seem paradoxical, but
the increased urinary sodium losses limit free water loss. NSAIDsmay limit renal freewater loss
by affecting renal prostaglandins. Lithium-induced DI may be specifically antagonized by
amiloride. Parathyroidectomy may be curative of nephrogenic DI caused by hyperparathyr-
oidism. Treatment of hypercalcemia will improve DI due to increased serum calcium.

Cerebral salt wasting syndrome (CSW)
CSW may develop after traumatic brain injury, craniotomy, or subarachnoid hemorrhage.
Increased sympathetic outflow and inappropriate release of natriuretic proteins may lead to
polyuria. The clinical presentation has significant overlap with neurogenic DI, but
the volume loss includes salt wasting rather than free water. Neurogenic DI and CSW
may be distinguished by laboratory findings. Management of CSW is supportive replace-
ment of sodium and fluid losses.[16]

Miscellaneous
Thyrotoxicosis and/or thyroid storm will cause polyuria through down-regulation of
aquaporin-2 and may be observed in the perioperative setting,[17] but polyuria is unlikely
to be the predominate sign. Polyuria may be observed at intravenous contrast adminis-
tration and rarely observed with protein-rich enteral feeds if excessive urea is produced.
Urea is an osmotic diuresis if glomerular filtration rate is intact, although urea accumulates
in chronic renal insufficiency without causing diuresis.

Sevoflurane
Sevoflurane is metabolized to fluoride ions in much the same way methoxyflurane was
metabolized. Since methoxyflurane was associated with significant renal toxicity, much
attention has been paid to the renal effects of sevoflurane. Sevoflurane now has two
decades of established clinical safety and no reports of significant renal toxicity in humans.
Sevoflurane does have a transient inhibitory effect upon aquaporin-2.[18] Reports of
sevoflurane-induced polyuria are unusual.[19–21] These reports are generally not associated
with the development of laboratory abnormalities and are self-limited to the time of
administration of the volatile agent. While sevoflurane might in rare cases be the cause
of intraoperative polyuria, its contribution to postoperative polyuria has not been observed.
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Section II

Chapter

37
Signs and symptoms

Abnormal urine color
JamesW. Heitz

� Abnormal urine color may indicate serious pathology.
� Green or blue urine is typically benign.
� Propofol infusion may result in green, white, pink, or red discoloration

of the urine.
� Red or green urine may be associated with propofol AND when associated

with metabolic acidosis, bradycardia, hypotension, or ketonuria should raise
suspicion for propofol infusion syndrome.

� Rhabdomyolysis, transfusion reaction, hemolysis, and hypovolemia
are the most serious disorders likely to be visually detectable in the urine
after surgery.

Hippocrates emphasized the importance of examining urine for color, odor, and consist-
ency. While abnormal urine color (Table 37.1) is infrequently the sole cause of concern in
the postoperative patient, it still provides diagnostic insight and is often readily visible in the
collection bag when the patient has an indwelling bladder catheter. Abnormal urine color
may be benign even when extreme, or may indicate serious pathology even when mild.
Despite more than two millennia of observation by physicians, there is still no standardized
nomenclature for describing urine color.

Yellow urine
The presence of urochrome in urine imparts its characteristic normal yellow hue. Deviation
from this color is produced by either increasing or decreasing the concentration of
urochrome or by the presence of additional pigments.

Dark or bold yellow urine: The term “dark” may be applied to urine that is a bolder
than normal shade of yellow, brown, orange, or red. For purposes of discussion here, dark
urine refers to bold yellow; other hues will be considered separately. In the postoperative
patient, dark urine most commonly indicates abnormally concentrated urine with relatively
increased urochrome. Concentrated urine may be confirmed on urinalysis by increased
specific gravity and osmolality, but laboratory confirmation is seldom necessary. Dark urine
and low urine output are typically associated with intravascular volume depletion. Intra-
vascular hypovolemia is common after surgery and may be due to inadequate volume
replacement, inappropriate vasodilatation, ongoing hemorrhage, or fluid loss into the third
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space. Improvement of urine output with an intravascular fluid challenge with 500 to
1000 ml of crystalloid for the typical adult patient is both diagnostic and therapeutic. Fluid
challenge is an appropriate treatment for the majority of postoperative patients after
intravascular volume overload has been excluded by physical examination.

Dark urine may occur in the euvolemic or hypervolemic patient owing to the syndrome
of inappropriate antidiuretic hormone secretion (SIADH). SIADH is more typically recog-
nized in the clinical setting by mild hyponatremia, but may be first suspected by dark urine
from the postoperative patient without laboratory testing. Unlike dark urine caused by
hypovolemia, SIADH will not respond appropriately to a fluid challenge with increased
urine output or urinary dilution, and inappropriate fluid challenge also may exacerbate the
severity of hyponatremia.[1]

Red urine
The differential diagnosis of red to reddish-brown urine is broad. Red discoloration of the
urine may indicate hematuria. Hematuria may be due to tissue trauma which might be
expected after urological surgery or may occur unexpectedly after other procedures of the
abdomen or pelvis. Traumatic and infectious complications of bladder catheterization or
urolithiasis may also present with hematuria. It is difficult to gauge the severity of bleeding
by visual examination of urine color, with insignificant amounts of blood sometimes
causing profound color alteration. As little as 1 milliliter of blood per liter of urine may
cause visible reddening of the urine. Serial blood tests are necessary to monitor blood loss
from hematuria. Contamination of urine from menstrual or hemorrhoidal bleeding may be
mistaken for true hematuria.

Table 37.1 Causes of urinary discoloration

Color Causes

Red Chloroquine deferoxamine, hydroxobalamin, ibuprofen, phenazopyridine
(pyridium), rifampin, warfarin, intravascular hemolysis, hematuria, propofol
infusion syndrome, porphyria, beets, blackberries, carrots

Orange Rifampin, isoniazid, riboflavin, sulfasalazine, conjugated bilirubin, blackberries,
beets, rhubarb, senna herbs, dehydration, phenolphthalein, prochlorperazine,
phenazopyridinc (pyridium)

Blue or green Methylene blue, indigo carmine, biliverdin, propofol (bolus or infusion),
amitriptyline indomethacin, cimetidine, flupirtine, food coloring, metoclopramide,
methocarbamol, promethazine, thymol, pseudomonas infection, sildenafil,
triamterene, asparagus, black licorice

Purple Purple Urine Bag Syndrome, porphyria

Brown Acetaminophen toxicity, propofol infusion syndrome, metronidazole,
nitrofurantoin, hemolytic anemia, rhabdomyolysis, porphyria, fava beans,
rhubarb, iodine contamination from perineal skin prep

Black Alpha-methyldopa, cresol, iron, L-dopa, methocarbamol, metronidazole,
nitrofurantoin, sorbitol, porphyria, malignant melanoma

White Lipiduria, propofol infusion, proteinuria, chyluria, hypercalciuria, hyperoxaluria,
phosphaturia
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Reddish or red to brown urine may also be due to hemoglobinuria caused by intravas-
cular hemolysis. Hemolysis may occur postoperatively because of transfusion reaction in
patients receiving blood products during or after surgery, in patients with glucose-6-
phosphate deficiency (G6PD), or patients with sickle cell anemia, thalassemia, idiopathic
thrombocytopenic purpura, or thrombotic thrombocytopenic purpura. Patients of African
or Mediterranean descent are at increased risk for G6PD and may experience hemolysis
when exposed to many of the medications used perioperatively.[2] Hereditary spherocytosis
also results in hemolysis, with crisis being precipitated typically by systemic infection, but
these patients may commonly present for splenectomy or cholecystectomy and hemolysis
may be seen postoperatively. Discolored urine due to hemoglobinuria will test positive for
the presence of heme.

The presence of myoglobin in the urine may cause similar reddish or red to brown
discoloration. Myoglobinuria requires immediate treatment owing to the risk of nephrotox-
icity. Rhabdomyolsis causing myoglobinuria may occur in the surgical patient for a variety
of reasons; trauma with significant crush or electrical injury, as a complication of intra-
operative positioning in long procedures, malignant hyperthermia, propofol infusion
syndrome, or rarely as a complication of depolarizing neuromuscular blockers. Discolored
urine due to myoglobinuria will also test positive for heme. Serum creatine kinase is usually
elevated.

Additionally, red urine may also indicate the presence of porphyrin. Acute porphyria
may occur in the postoperative patient through exposure to triggering medications.
Porphyria is actually a group of diseases which may be caused by a number of enzymatic
defects of heme synthesis and occurs in the general population at an incidence of
approximately 1 in 25,000.[3] Abnormality of urine color is unlikely to be the sole
presentation of illness, as most patients experience abdominal pain, symptoms of sympa-
thetic excess including tachycardia and sweating, cutaneous manifestations, and/or psych-
osis. In the acute postoperative setting, some of these symptoms may be masked or the
diagnosis otherwise complicated by the confounding effects of opioids, sedatives, and
perioperative stress.

A variety of medications and foods have been associated with reddish urine, but none
would be commonly encountered in the postoperative patient. Red or reddish brown urine
has been described in propofol infusion syndrome, a rare but potentially fatal syndrome
characterized by bradycardia, hypotension, lactic acidosis, rhabdomyolysis, serum hyper-
kalemia, elevated serum creatine kinase, and/or hepatomegaly.[4] Propofol may interfere
with mitochondrial function, causing cellular death. Although initially described after
prolonged infusion at high doses, it is now recognized that propofol infusion syndrome
may be triggered after as little as 5 hours, so it may be seen during or after surgeries where
propofol is used during maintenance of anesthesia. Of note, propofol infusion has also been
reported to cause pinkish urine[5] and later examination of this urine by microscopy
revealed apparent uric acid crystals as well as elevated uric acid levels in the urine,[6] but
this abnormality is unrelated to propofol infusion syndrome.

Orange urine
Rifampin has been described as causing orange to red urine and may be seen in the surgical
patient being concurrently retreated for tuberculosis. Conjugated bilirubin due to hepatic
obstruction causes yellow-orange urine with yellow foam when agitated.[7] Concentrated
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urine from hypovolemia may sometimes be orange tinged. Prochlorperazine may cause
orange urine as may the urinary analgesic pyridium (phenazopyridine).

Brown urine
Deep reddish urine may appear brown and the differential diagnosis of brown urine is the
same as red. The presence of conjugated bilirubin in the urine manifesting from cholestasis
may cause urine to appear brown. Mild icterus and clay-colored stools may accompany the
urinary discoloration. Additionally, brown urine may be seen in the clinical setting with
acetaminophen overdose owing to urinary p-aminophenol. Povidone-iodine contamination
from perineal areas prep has been reported to falsely give the appearance of brown urine
abnormality after surgery.[8]

Black urine
Urinary porphyrins may impart a black color to the urine as well as the red to reddish
brown discoloration described above. Intramuscular supplementation of iron may cause
black urine and may be observed in gynecological or colorectal surgery patients being
concurrently treated for severe anemia. The antibiotics metronidazole and nitrofurantoin
are other possible postoperative causes of black urine.

Blue/green urine
Blue or green urine is often encountered in the postoperative patient and is usually due to
the intraoperative administration of methylene blue or indigo carmine, which may be
administered intravenously during surgery for the explicit purpose of staining the urine
to make it more easily recognized if a ureter becomes inadvertently disrupted. These blue
pigments are renally excreted, but may appear green when combined with the yellow of
urochrome. The ratio of blue pigment to urochrome determines whether urine appears
blue, green, or blue-green. Methylene blue may be contained in other medications or
prescribed primarily for therapeutic purposes (such as treatment of methemoglobinemia),
but this would be unusual in postoperative setting.

Hepatic conjugation of the phenol ring of propofol during prolonged infusion has
been associated with green discoloration of urine[9] as well as feces[10] and human breast
milk.[11] Urine discoloration after a single bolus of propofol for induction of anesthesia is
unusual, but has been reported and may last up to 2.5 hours after administration.[12,13]

Alternatively, green urine may develop only after several days of continuous propofol
infusion.[14] Normalization of urine color 6 hours after stopping the propofol infusion
has been observed,[15] as has a lightening of the green urine color 6 hours after propofol
infusion dose reduction.[16] However, it may take as long as 2 days for urine color to
normalize after discontinuation of the propofol infusion.[17] Urinary discoloration from
propofol is benign in the absence of symptoms suggestive of propofol infusion syndrome.

Green urine has been reported from other phenol-containing medications sometimes
administered perioperatively including promethazine, thymol, and cimetidine. Addition-
ally, some non-phenol-containing medications including metoclopramide and amitrip-
tyline have also been associated with greenish urine discoloration. Urinary biliverdin
accumulation from severe hepatic disease can cause green urine discoloration. Infection
with Pseudomonas can cause green urine from the presence of the pigment
pyocyanin.[18]
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Purple urine
Indigo (blue) and indirubin (red) are sometimes secreted into urine. In urinary tract
infection with a variety of gram-negative bacteria producing the enzyme indoxyl phosphat-
ase, both pigments may be produced, imparting a purple discoloration to the urine. Often,
this infection may be polymicrobial with one form of bacteria (often Klebsiella or Provi-
dencia) producing the blue pigment and another producing the red. This is most typically
seen in patients with chronic indwelling bladder catheterization and sometimes referred to
as Purple Urine Bag Syndrome.[19] Porphyrias may also cause purple urine, although red
to reddish purple are more commonly observed.

White urine
Whitish discoloration of urine may be caused by pyuria and warrants urinalysis looking for
white blood cells indicating infection. In the absence of white cells, hypercalciuria, hyperphos-
phaturia, or hyperoxaluria or chyluria may all present as whitish discoloration. Lipiduria,
which may occur after the administration of total parenteral nutrition, also appears as whitish
discoloration with the urine sometimes described as having a “milky” appearance. Although
there are numerous case reports of prolonged propofol infusion causing milky white urine it is
unclear whether this is caused by the lipid component or uric acid excretion.[7]

Colorless urine
Pale yellow to colorless urine is typically due to diuresis. It is commonly seen in patients
receiving intravenous crystalloids. Although urine color by itself is a poorly reliable sign of
volume status,[20] the appearance of pale or colorless urine often requires no further investi-
gation or therapy. Sources of diuresis besides volume overload, which may also produce pale
to colorless urine, include osmotic diuresis of any cause, including the administration of
mannitol or the administration of loop, thiazide, and potassium-sparing diuretics. Osmotic
diuresis from glycosuria may occur even in the absence of prior history of diabetes mellitus.
Many diabetic patients may be undiagnosed at the time of surgery, or hyperglycemia may
result from the surgical stress response (e.g. catecholamine-induced gluconeogenesis) or
surgical resection involving the pancreas. Hypercalcemia or acute alcohol ingestion may also
cause diuresis. Diabetes insipidus may produce colorless urine and should be suspected in
any patient after an intracranial procedure or closed head trauma.

Standing urine
Standing urine may change color owing to pigment production by bacteria or exposure to
light. The color changes of porphyria may first be noticed after urine is allowed to stand.
Urine from patients with alcaptonia, a rare inherited metabolic disorder causing alkapto-
nuria in which urine turns dark-brown to black when exposed to air, also darkens when
standing. Methocarbamol causes bluish discoloration in standing urine.

References
1. G.R. Bell, A.R. Gurd, J.P. Orlowski, et al.

The syndrome of inappropriate

antidiuretic-hormone secretion following
spinal fusion. J Bone Joint Surg Am 1986;
68:720–724.

270 Section II: Signs and symptoms

Core terms of use, available at http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139519557.038
Downloaded from http:/www.cambridge.org/core. The University of British Columbia Library, on 02 Jan 2017 at 18:08:35, subject to the Cambridge

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139519557.038
http:/www.cambridge.org/core


2. R.D. Aycock, D.A. Kass. Abnormal urine
color. South Med J 2012; 105:43–47.

3. H. Puy, L. Gouya, J.C. Deybach.
Porphyrias. Lancet 2010; 375:924–937.

4. A. Fudickar, B. Bein. Propofol infusion
syndrome: update of clinical manifestation
and pathophysiology. Minerva Anestesiol
2009; 75:339–344.

5. A. Masuda, K. Hirota, T. Satone, Y. Ito.
Pink urine during propofol anesthesia.
Anesth Analg 1996; 81:666–667.

6. A. Masuda, T. Asahi, M. Sakamaki, et al.
Uric acid excretion increases during
propofol anesthesia. Anesth Analg 1997;
85:144–148.

7. C.L. Foot, J.F. Fraser. Uroscopic rainbow:
modern matula medicine. Postgrad Med J
2006; 82:126–129.

8. W.W. Noll, D.D. Glass. Cause of dark
urine. JAMA 1980; 243:2398.

9. A. Bodenham, L.S. Culank, G.R. Park.
Propofol infusion and green urine. Lancet
1987; 2:740.

10. A.W. O’Regan, M. Joyce-Brady. “Pond
poop” from propofol. Intensive Care Med
2003; 29:2106.

11. T. Birkholz, G. Eckardt, S. Renner,
A. Irouschek, J. Schmidt. Green breast milk
after propofol administration.
Anesthesiology 2009; 111:1168–1169.

12. C. Ananthanarayan, J.A. Fisher. Why was
the urine green? Can J Anaesth 1995;
42:87–88.

13. D.W. Barbara, F.X. Whalen. Propofol
induction resulting in green urine
discoloration. Anesthesiology 2012; 116:924.

14. A.B. Pedersen, T.K. Kobborg, J.R. Larsen.
Grass-green urine from propofol
infusion. Acta Anaesthiol Scand 2015;
59:265–267.

15. B.D. Ku, K.C. Park, S.S. Yoon. Dark
green discolouration of the urine
after prolonged propofol infusion: a
case report. J Clin Pharm Ther 2011;
36:734–736.

16. S.A. Blakey, J.A. Hixson-Wallace. Clinical
significance of rare and benign side effects:
propofol and green urine.
Pharmacotherapy 2000; 20:1120–1122.

17. J. Lepenies, E. Toubekis, U. Frei. Green
urine after motorcycle accident.
Nephrol Dial Transplant 2000;
15;725–726.

18. P. Leclercq, C. Loly, P. Delanaye,
C. Garweg, B. Lambermont. Green urine.
Lancet 2009; 373:1462.

19. C.H. Lin, H.T. Huang, C.C. Chien,
D.S. Tzeng, F.W. Lung. Purple urine bag
syndrome in nursing homes: ten elderly
case reports and a literature review.
Clin Interv Aging 2008; 3:729–734.

20. S.J. Fletcher, A.E. Slaymaker,
A.R. Bodenham, M. Vucevic. Urine
colour as an index of hydration in
critically ill patients. Anaesthesia 1999;
54:189–192.

37: Abnormal urine color 271

Core terms of use, available at http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139519557.038
Downloaded from http:/www.cambridge.org/core. The University of British Columbia Library, on 02 Jan 2017 at 18:08:35, subject to the Cambridge

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139519557.038
http:/www.cambridge.org/core


Section II

Chapter

38
Signs and symptoms

Pain
Benjamin Vaghari, Jaime Baratta, and Kishor Gandhi

� Pain is the fifth vital sign.
� Pain after surgery is often inadequately treated.
� Multimodal analgesia emphasizing non-opioid adjuvants improves analgesia

while reducing side effects.

Pain occurring in the Post-Anesthesia Care Unit (PACU) setting is all too common and
often an expected occurrence. Even the most thorough anesthetic plan may not properly
provide the patient with adequate analgesia in recovery. This means that the clinician in the
PACU must determine the type and severity of pain and formulate a treatment plan taking
into account both patient and surgical factors.

Traditionally, opioids were the cornerstone of analgesic therapy despite their many
unwanted and undesirable side effects. Recently, as more non-opioid medications have
become available and regional techniques have gained prominence, opioids have become
less cornerstones of therapy and more adjuncts to a successful analgesic strategy. This
multimodal analgesic therapy is continuing to gain prominence by improving analgesia,
reducing patient side effects, and improving both patient satisfaction and recovery times.

Clinicians need to be familiar with intravenous (IV) opioids as well as IV non-opioids
such as acetaminophen. Additionally, many ambulatory patients will be prescribed oral
analgesics, both opioid and non-opioid, which can be initiated in the PACU as well. Also,
regional anesthesia with its benefits and risks can aid in improving analgesia and reducing
opioid side effects. A clinician must be familiar with both rescue nerve blocks and existing
neuraxial and peripheral catheters.

Pain assessment in the PACU
Accurately assessing a patient’s pain in the postoperative period is often a very daunting
task. Recent surveys suggest a patient’s most common concern preoperatively is post-
operative pain. Despite ever-improving technology and pharmacotherapy, the majority of
patients still experience moderate to severe pain.[1] And although it is well known that
uncontrolled pain may hinder rehabilitation, increase morbidity and mortality, decrease
patient satisfaction, and be a risk factor for chronic pain, no single tool has been developed
to assess pain 100% accurately.

Post-Anesthesia Care: Symptoms, Diagnosis, and Management, ed. James W. Heitz. Published by
Cambridge University Press. © Cambridge University Press 2016.
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Recently pain has been labeled as “the fifth vital sign” to ensure that it is appropriately
addressed with every patient. However, pain is complex and subjective, and a clinician will
benefit from having familiarity with the different types of pain. There are five accepted
types of pain: nociceptive, neuropathic, psychogenic, mixed, and idiopathic.[2] Nociceptive
pain may be described as aching, sharp, throbbing pressure, or stiffness. Neuropathic pain
is often burning, tingling, crushing, or stabbing. Psychogenic pain entails complaints of
pain that may not match the presenting symptoms. A mixed pattern of pain contains
characteristics of neuropathic and nociceptive pathways, and idiopathic pain is that of
unknown origin.

In order to assess pain accurately, one must delineate both quantitative and qualitative
aspects of the pain in order to appropriately direct treatment, as no single therapeutic agent
is effective in treating all types of pain. Numerous quantitative tools exist and have been
proven effective, such as the Numeric Rating Scale (NRS), Verbal Rating Scale (VRS),
Visual Analog Scale (VAS), and Faces Pain Scale (FPS), although no single tool has been
deemed superior.[2] Assessment may be done via self-report or observer-based, but
observer-based assessment should be reserved for those who are unable to communicate.
The NRS is the most commonly used method as it is reliable and easy to use, while the VRS,
although simple to use because of the limited number of descriptors, may lack sensitivity to
treatment-induced changes. The VAS scale has proven to be effective in clinical and
research settings, but is often time-consuming and may be difficult for the cognitively
impaired. The FPS is commonly utilized in the pediatric population and likely may
be useful for the cognitively impaired or those with language barriers.[2] Regardless of
which method is utilized to quantitatively address pain, a proper pain assessment may only
be done when identifying qualitative aspects as well. It is imperative to identify the character
of a patient’s pain (dull, stabbing, sharp, burning, spasm-like, etc.) in conjunction with the
severity in order to appropriately guide therapeutic measures.[2]

Opioids
Opioids have long been used to treat pain and are a mainstay of providing analgesia to
patients in a PACU setting. While highly effective in providing analgesia, opioid use is often
limited by unwanted side effects. As such, guidelines from the American Society of
Anesthesiologists (ASA) task force of 2012 have recommended using opioids more as
adjuncts to supplement analgesia provided by other modalities such as non-opioids or
regional techniques. By far the most frequently used opioids in the PACU are morphine,
hydromorphone, and fentanyl.

Morphine is the most widely used opioid in the world. Morphine is relatively hydro-
philic, which slows its time of onset, reaching its peak at around 30 minutes. With a half-life
of approximately 2 hours, morphine lasts about 4 hours. Morphine is primarily metabolized
in the liver into morphine-3-glucuronide and morphine-6-glucuronide. However, mor-
phine-6-glucuronide is an active metabolite and is excreted primarily by the kidneys. Thus,
morphine should be used with caution in patients with renal impairment, as they are more
prone to potentially dangerous sedation and respiratory depression.[3] Morphine also causes
dose-dependent histamine release, which can result in blood pressure decreases, although
bronchospasm is unlikely.

Hydromorphone is a semisynthetic opioid. When compared with morphine, hydro-
morphone is about 5 times as potent, with a slightly decreased duration of action of 3 to
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4 hours, and has a more rapid onset of 10 minutes. Hydromorphone undergoes primarily
hepatic metabolization with no active metabolites and therefore is a better choice than
morphine for patients with renal impairment. Given these characteristics, hydromorphone
is useful in the PACU where rapid analgesia is desirable, especially in opioid-tolerant
patients.

Fentanyl is a synthetic opioid that is up to 100 times as potent as morphine. Much of
fentanyl’s usefulness in a PACU setting is a result of its rapid onset: it acts in seconds,
reaching peak activity within 6 minutes owing to its high lipid solubility. While fentanyl
undergoes hepatic metabolism and has an upwards of 8 hour half-life, fentanyl’s apparent
clinical half-life appears much shorter because of redistribution to inactive sites. Typically a
100 mcg dose will have an analgesic effect for 1 to 1.5 hours. This relatively shorter duration
means that it may require readministration. Like hydromorphone, fentanyl has no active
metabolites and will not accumulate in patients with compromised renal function.

Each of the three above opioids has certain advantages and disadvantages. An appropri-
ate treatment plan will take into account characteristics of each opioid but also the
characteristics of the individual patient (e.g. renal failure, sleep apnea, opioid tolerant) as
well as the setting (e.g. ambulatory). Disadvantages that all the opioids have in common are
pruritus, nausea and vomiting, urinary retention, sedation, and respiratory depression.
Each patient can react differently to each opioid medication with differences in analgesic
efficacy and side-effect profile. If a patient cannot tolerate morphine owing to nausea, a
change to hydromorphone may be beneficial.

In addition, learning to manage unwanted side effects of opioids is important in caring
for surgical patients. Pruritus is common and though it is frequently treated with anti-
histamines such as diphenhydramine, the mechanism of opioid-induced pruritus does not
appear to involve histamine release. Administration of naloxone will relieve pruritus with
the downside of reduced analgesia. Opioid-induced nausea and vomiting occurs from
stimulation of opioid receptors in the brainstem. About 25% of all patients receiving
opioids will experience nausea and vomiting. Hence, postoperative nausea and vomiting
(PONV) is a leading cause of delayed PACU discharge.[4] The most prophylactic medica-
tions are serotonin-3 (5-HT3) inhibitors (e.g. ondansetron) and dexamethasone.[5,6]

(PONV rescue therapy is discussed in Chapter 19 and the management of pruritus in
Chapter 20.)

While PONV and pruritus can make suffering patients miserable, the most important
opioid side effect to the clinician is respiratory depression. The incidence of opioid-induced
respiratory depression is estimated to be between 0.09% and 0.5%.[7] While any patient is
susceptible to opioid-induced respiratory depression, patient populations such as those with
obstructive sleep apnea, the elderly, opioid tolerant, and infants up to 60 weeks post-
conceptual age are particularly at risk. The only effective therapy for opioid-induced
respiratory depression is an antagonist such as naloxone. Always be aware that many of
the commonly used opiates have half-lives that are longer than the antagonists, leading to
the risk of the patient relapsing after the antagonist effect remits.

A treatment modality that will assist in reducing a patient’s risk of significant respira-
tory depression is IV patient-controlled analgesia (PCA). While PCA is not useful for
outpatient surgeries, it has been shown to improve patient satisfaction and lead to
improved analgesia relative to nurse-administered dosing. PCA can often be started in
the PACU, and a clinician should be familiar with PCA settings. Optimal usage of a PCA
involves a loading dose of an opioid. Once the patient achieves a desired level of comfort,
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or further treatment is withheld because of respiratory depression, the PCA then functions
as patient-directed maintenance. For this reason, basal infusions should be used with
caution as they remove an important safety device inherent to PCA, i.e. the patient must
be awake to self-administer an additional dose.

Non-opioids
Non-opioid analgesic medications are an important component of any analgesic plan in a
PACU. Non-opioids are useful not only in reducing pain scores, but also in limiting the side
effects of opioids. Often these unwanted opiate side effects such as pruritus, sedation, and
respiratory depression are the major limiting factor in opiate use. Commonly used non-
opioid analgesics such as acetaminophen and non-steroidal anti-inflammatory drugs
(NSAIDs) such as ketorolac and ibuprofen have no such side effects and can be an effective
supplement to or at times even a complete replacement for opioid-based analgesics. While
many of these medications were traditionally available only in oral forms, thus limiting
their use as rescue analgesics, recently IV formulations have become available and are
important to be familiar with.

NSAIDs produce analgesia via inhibition of cyclooxygenase and have powerful periph-
eral anti-inflammatory properties. Commonly used IV ketorolac and the more recently
approved IV ibuprofen are two valuable medications to use in a PACU setting. Ketorolac as
a rescue medication is typically given in single doses of 30 to 60 mg, either IV or IM, and is
very effective in reducing both pain and oral analgesic requirements. Typical maximal onset
of analgesia occurs at 30 minutes, roughly similar to morphine. Additionally, 30 mg of
ketorolac achieves pain relief similar to that of 4 mg of morphine. When compared with
fentanyl, a commonly used PACU medication, ketorolac has a slower onset of analgesia.
However, unlike smaller doses of fentanyl, ketorolac is effective in reducing pain 4 to
6 hours after administration.[8]

In terms of optimum dose and timing of ketorolac administration, the data are mixed.
Some studies have suggested that ketorolac is much more effective when given preopera-
tively, implying that ketorolac is more effective when given as part of an analgesic plan as
opposed to a rescue medication in the PACU.[9] Other data suggest that ketorolac is just as
effective in reducing pain scores when given postoperatively in a PACU setting.[10] As for
dosing, a meta-analysis examining perioperative single-injection ketorolac found that 60 mg
had a clear postoperative benefit, while 30 mg of ketorolac displayed varied results.[11] At
this time, based on the available data, ketorolac is an effective single-dose rescue medication
in the PACU with doses of at least 30 mg, though 60 mg may be preferable.

IV ibuprofen is a second non-opioid analgesic that can be of use in a PACU setting.
Dosing ranges and schedules are similar to oral dosing with a typical adult dose being 400 to
800 mg every 6 hours. The medication must be given as an infusion over 30 minutes. As IV
ibuprofen was approved for use by the US Food and Drug Administration (FDA) in 2009,
at the current time information on single-dose administration in the PACU is limited.
However, good clinical evidence exists that demonstrates significant reductions in opiate
use and pain scores when IV ibuprofen is administered around the clock for the first
24 postoperative hours.[12,13] For PACU use, based on the available information, 800 mg of
IV ibuprofen appears to be a more effective analgesic than 400 mg.[13] As a note, both
ibuprofen and ketorolac can cause gastrointestinal upset in patients and should be used with
caution in those patients with significant renal impairment.
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Both oral and rectal acetaminophen have a long history of use as rescue medications in
the PACU. More recently, IV acetaminophen has become available and has certain advan-
tages over the more traditional slower release forms. Acetaminophen, like NSAIDs, appears
to function via inhibition of cyclooxygenase, but its activity appears to be primarily central
acting with no peripheral anti-inflammatory properties. Common dosages range from
650 to 1000 mg for oral, 1000 mg vials for IV, and 1 to 2 g for rectal administration. In
terms of safety profile and unwanted effects, acetaminophen has minimal side effects with
the main concern being hepatotoxicity. Overall acetaminophen, especially oral and IV, has
been shown to be very effective in reducing pain and sparing opioid use.[14,15]

In a PACU setting the rapidity of onset of an analgesic is critical to its effectiveness both
as a pain reliever but also in improving patient flow through the recovery period. While oral
acetaminophen can begin to alleviate pain within 15 minutes, the IV formulation onset time
is even faster. At this time patients appear to report equal improvement in pain scores when
either IV or oral acetaminophen is administered in a PACU, though the evidence is not yet
robust.[16] When compared with either IV or oral routes, however, rectal acetaminophen
can take hours to demonstrate significant plasma levels. This delay makes rectal acetamino-
phen simply impractical for use in a PACU setting. Both IV and oral acetaminophen are
excellent choices for analgesia in a PACU setting, with IV having an edge in terms of speed
of onset and ability to use in patients unable to take oral medications.

Oral analgesics
Pain in the PACU is often successfully treated with parenteral medications and/or regional
anesthesia (Table 38.1). However, an ever-increasing number of patients will be discharged
to home after an adequate recovery. Many of these patients will have some level of pain and
will be prescribed any of a variety of oral analgesics. Often these medications can be
administered in a PACU setting in lieu of parenteral medications.

Oral analgesics are most effective for mild to moderate pain. The World Health
Organization Pain Ladder recommends non-opioid analgesics for mild pain and a weak
opioid or weak opioid/non-opioid combination for moderate pain.[17] If patients are to be
discharged with a prescription for a particular oral analgesic, that medication can be started
in recovery. Otherwise an oral analgesic can be selected taking into account pain severity
and patient-related factors such as allergies and co-morbidities. Oral analgesics have a range
of effectiveness and significant patient-to-patient analgesic variability. Of note, codeine
60 mg, a frequently prescribed weak opioid, while an excellent antitussive agent is a poor
analgesic when not used in combination with acetaminophen. Given the availability of
other more effective agents, codeine should not be used for analgesia in the PACU.

Overall, there are numerous different oral medications, both as single or combination
agents. One recommendation is to administer analgesics as single agents rather than in
combination for increased flexibility in dosing. For example, oral non-opioids can be given
as scheduled dosing while oral opioids are used for breakthrough pain. On the other hand, a
benefit of combination agents is that they take advantage of the synergistic analgesic effect
of combining opioids and non-opioids such as acetaminophen and oxycodone. An import-
ant note on combination agents: a downside of combination pills, while convenient, is that
many non-opioids such as acetaminophen and ibuprofen have important toxicity limits
that should be avoided. Many patients can unwittingly overdose on these non-opioids at
home as they add these combination pills to their prior non-opioid regimen.
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Regional analgesia in the PACU
As the 2012 ASA Task Force on Acute Pain Management guidelines clearly emphasize a
multimodal approach to analgesia in the perioperative setting, regional analgesia has a clear
role in reducing postoperative pain in the PACU and should be employed whenever
possible.[18] It is well documented, especially in the orthopedic population, that regional
analgesia is superior to opioids in managing pain postoperatively. For instance, brachial
plexus continuous peripheral nerve blockade (CPNB), when used in the inpatient
and outpatient setting, has demonstrated prolonged pain control of up to 72 hours, less
opioid use, faster resumption of physical therapy, fewer sleep disturbances, and overall
increased patient satisfaction.[19] Similar results have been demonstrated for the various
types of regional analgesia when compared with opioids.

While the majority of regional anesthetics are performed preoperatively to assist in
intraoperative pain management, it is imperative to assess the quality of the regional
blockade in the PACU in an expedient manner and have a low threshold for rescue
blockade following a block failure. Each patient who has received a regional anesthetic,
including brachial plexus, lumbar plexus, femoral, saphenous, sciatic, and transversus
abdominis plane block, should be assessed for adequacy of sensory as well as motor
blockade and an overall pain assessment upon arrival in the PACU. If a continuous catheter
is in place and the block is determined inadequate, a 10 ml bolus of ropivacaine 0.5%
(or alternatively bupivacaine 0.25%) should be administered via the catheter, as an increase
in volume and local anesthetic spread may sufficiently improve the block. If the bolus
proves unsuccessful or the patient received a single-shot peripheral nerve blockade, a repeat
block should strongly be considered. However, in the event of extensive surgery or
combination peripheral nerve blockade, it is imperative to properly delineate the distribu-
tion of pain to appropriately determine which block may be necessary.

Familiarity with the different types of peripheral nerve blocks is essential as well. For
instance, the interscalene approach of a brachial plexus block provides good analgesia
following shoulder surgery, but a common complaint encountered in the PACU is

Table 38.1 Commonly used oral opioid analgesics

Drug Dose in
milligrams

Frequency
in hours

Expected
duration
in hours

Hydrocodone 10–30 4–6 4–8

Oxycodone 10–20 4–6 3–4

Hydrocodone/
Acetaminophen

5/325
7.5/325
10/325

4–6 4–8

Oxycodone/
Acetaminophen

5/325
7.5/325

4–6 3–4

Acetaminophen/
Codeine

300/30 4–6 3–4

Hydromorphone 4–8 3–4 3–4
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persistent axillary pain. In order to properly address such pain, the provider must be
familiar with the distribution of the brachial plexus, which encompasses C5–T1 nerve
roots, while the dermatome of the axilla is innervated by the intercostobrachial nerve
(T2) and is therefore missed. Treatment of persistent axillary pain may be achieved by a
supplemental intercostobrachial nerve block or supplemental opioids. As the benefits of
regional analgesia have clearly been documented in published research and its utilization
continues to increase, familiarity with the various types of peripheral nerve blockade is
essential in the postoperative setting.

With improving technology and the increasing utilization of ultrasound, the use of
continuous peripheral nerve blockade is on the rise specifically with regards to ambula-
tory catheters. Interscalene, infraclavicular, and popliteal catheters have all been shown to
lower pain scores at rest and with movement as well as lower oral opioid analgesic use.[20]

However, when utilizing ambulatory catheters it is important to use a dilute solution of
local anesthetic, such as ropivacaine 0.2% at a rate of 4–10 ml/hr depending on location,
to maximize sensory blockade while minimizing motor blockade as well as the risk of
local anesthetic toxicity. Patient selection and education is imperative and detailed
discharge instructions with contact information and emergency instructions must be
provided.

Managing epidural catheters in the PACU
Common reasons for epidural failure include incorrect placement, inadequate infusion, and
migration of catheters.[21] Failure rates as high as 32% for thoracic epidurals and 27%
for lumbar epidurals have been previously reported.[22] The management of patients with
thoracic and lumbar epidurals requires close supervision by a dedicated acute pain
management team.

Prior to usage, all epidural catheters should be given a test dose to rule out intrathecal or
intravenous placement. In instances when the patient is given a combined spinal–epidural
(CSE) for surgical anesthesia, the test dose should be given after resolution of the spinal
anesthetic since an intrathecal placement of the catheter can be missed. A common test
entails aspirating the catheter for continuous blood or cerebrospinal fluid flow; however,
this test has a high false-negative rate. Once negative flow is confirmed, a test dose of 2%
lidocaine with dilute epinephrine (10 mcg/ml) can further rule out a misplaced epidural
catheter. Epinephrine, as an additive to a test dose, functions as a marker of intravascular
catheter placement. Epinephrine will cause an increase in heart rate and blood pressure with
intravascular locations of the catheter. However, this test is insensitive and false negatives
can occur. Other symptoms of intravascular injection of test dose include perioral numb-
ness, tinnitus, vertigo, and rare seizures.

An infusion of local anesthetic can be started at a rate of 10–14 ml/hr after ruling
out intrathecal and intravascular placement of an epidural catheter. The ideal concentration
and local anesthetic agent depend on the desired differential block. Most institutions utilize
dilute ropivacaine (0.1%, 0.2%) or bupivacaine (0.15%) to minimize motor block
and maximize sensory blockade. The main quality of analgesia is determined by the total
dose of local anesthetic, which is dependent on both rate per hour and concentration.
The addition of opioids (e.g. fentanyl, sufentanil, dilaudid) to the local anesthetic can allow
for reduction in local anesthetic dose and increasing patient comfort. Epinephrine can
be added to epidural infusion to decrease systemic absorption of local anesthetic.
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Epinephrine also binds to α2 adreno receptors, resulting in anti-nociceptive effects on the
spinal cord.[21]

Postoperative control of pain in the PACU entails a multimodal approach. Clinicians
will need to be familiar with IV opioids and non-opioids. Additionally, many ambula-
tory patients can be prescribed oral analgesics, which can be initiated in the PACU.
Regional anesthesia with its benefits and risks can aid in improving analgesia, reducing
opioid side effects, and decreasing overall PACU stay. A multimodal approach that
combines the previously mentioned techniques will assist in improving patient care
in the PACU.
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Section II

Chapter

39
Signs and symptoms

Shoulder pain
Jordan E. Goldhammer

� Shoulder pain is common after non-shoulder surgery and requires special
attention to identify the cause.

� Increased pain on movement suggests an intrinsic shoulder injury.
� No exacerbation on movement suggests referred pain from another region of

the body.
� Pain is more commonly referred to the left shoulder after laparoscopy or with

cardiac ischemia.

The shoulder is a complex joint composed of multiple bones and ligaments. The clavicle,
scapula, and humerus converge to form four articular surfaces: sternoclavicular, acromio-
clavicular, glenohumeral, and scapulothoracic. The articular surfaces are stabilized by two
major groups of connective tissue: the glenohumeral ligaments, and the rotator cuff, which
is formed from the supraspinatus, infraspinatus, subscapularis, and teres minor ligament.
This complex anatomy allows the shoulder the greatest range of motion of any joint in the
human body.

Shoulder pain in the early postoperative period after non-shoulder procedures can be
classified into two categories, intrinsic shoulder pain or extrinsic shoulder pain
(Figure 39.1). Intrinsic pain is directly due to damage of the shoulder girdle structures.
Extrinsic pain is referred from elsewhere in the body. Evaluation of the postoperative
patient with shoulder pain should begin with a pertinent history and physical exam.
Intrinsic shoulder pain is localized to the shoulder and exacerbated with movement.
Extrinsic sources of pain will be poorly localized, and normal shoulder movement will
not alter the character of the pain.

Intrinsic shoulder pain
Patients with intrinsic shoulder injury will present with pain, stiffness, weakness, and
instability of the shoulder joint. Pain is most commonly at the anterolateral shoulder and
is reproducible with specific shoulder movements. Postoperative intrinsic shoulder pain is
most commonly due to patient positioning. Surgical positioning in the supine or lateral
decubitus position may lead to neurological, vascular, or ligamentous compromise. The
supine patient should have arms abducted no more than 90 degrees to limit brachial plexus

Post-Anesthesia Care: Symptoms, Diagnosis, and Management, ed. James W. Heitz. Published by
Cambridge University Press. © Cambridge University Press 2016.

281

Core terms of use, available at http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139519557.040
Downloaded from http:/www.cambridge.org/core. The University of British Columbia Library, on 02 Jan 2017 at 18:08:44, subject to the Cambridge

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139519557.040
http:/www.cambridge.org/core


stress or musculoskeletal injury. Ligamentous injury, labral or rotator cuff tear, or complete
shoulder subluxation may occur because of trauma during positioning. Any patient moved
from the supine to prone position is at risk for traumatic shoulder injury. Additionally, the
particular placement of arm boards or arm board malfunction may contribute to intrinsic
shoulder injury if not properly secured to the operating room table. Ligament injury
presents as shoulder weakness, anterolateral shoulder pain, and a popping sensation when
the shoulder is moved.[1] Complete shoulder subluxation will result in multidirectional
instability of the shoulder, excessive range of motion, and crepitus over the shoulder joint.
Symptoms are often vague and non-specific. If intrinsic musculoskeletal injury is suspected,
specialty consultation should be sought.

Positioning in lateral decubitus position may cause compression of the shoulder
structures and entrapment of the axillary neurovascular bundle. At the thoracic outlet,
the subclavian vasculature and the brachial plexus exit the chest and enter the arm. The
thoracic outlet is an anatomically small space confined by the clavicle, first rib, and
scalene tendon. Subtle variations in the anatomy of the passage may cause compression
and irritation of the nerves and vessels. Entrapment of the axillary neurovascular bundle
at the thoracic outlet commonly presents as numbness, paresthesia, and pain radiating
from the hand to the shoulder. A weak radial pulse may be palpated that diminishes
with change in arm position.[2] Acute thoracic outlet syndrome may be due to venous
obstruction (blue, swollen, painful arm) or arterial obstruction (pain, pallor, diminished
pulse).[3] If acute thoracic outlet syndrome is suspected, urgent surgical consultation is
recommended.

Shoulder pain

Exacerbated by
movement?

Subdiaphragmatic
retained CO2

NoYes

Pulmonary
process

Cardiac
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Figure 39.1 Differential diagnosis of postoperative shoulder pain.
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Extrinsic shoulder pain
Extrinsic shoulder pain is poorly localized to the shoulder joint and not exacerbated with
shoulder movement. Range of motion is typically normal. The differential diagnosis of
referred pain to the shoulder is robust, but a few causes are frequently observed after
surgery.

Subdiaphragmatic gas: Laparoscopic surgery may cause extrinsic shoulder pain and has
been reported to occur in up to 63% of laparoscopic cases.[4] The pain is often reported in
the Post-Anesthesia Care Unit (PACU) and may peak at 24 hours after the surgery.[5] The
pain is typically self-limited and resolves by 72 hours.[6] Carbon dioxide retention in the
subdiaphragmatic region causes irritation of the phrenic nerve.[7] Additionally, the rapid
overstretching of the diaphragm and peritoneum during insufflation may cause trauma to
muscle fibers, blood vessels, and nerves, resulting in referred shoulder pain through the
phrenic nerve.[4] Left shoulder pain is more common than right shoulder pain, since the
liver protects against gas accumulation under the right hemi-diaphragm.[8] Specific neurons
within the ventroposterolateral nucleus of the thalamus have been shown to have a dual
response to both phrenic sensory stimulation and tactile stimulation of the shoulder,
providing a mechanism for referred diaphragmatic pain.[9]

Subdiaphragmatic gas pain management: Although self-limited, this complication may
be associated with significant patient discomfort and attempts have been made to decrease the
incidence with attention to surgical technique. Decreased shoulder pain has been associated
with low flow, low pressure pneumoperitoneum, as well as gasless exposure by mechanical
lifting to allow surgical visualization.[10] The ability to decrease the incidence of postoperative
shoulder pain is procedure specific. For laparoscopic cholecystectomy (performed in reverse
Trendelenburg position), only low flow, low pressure pneumoperitoneum has been demon-
strated to decrease the incidence and severity of shoulder pain.[11] Conversely, for gynecological
laparoscopy (performed in Trendelenburg position), active gas drainage and pulmonary
recruitment maneuvers are beneficial.[12] Attempts to relieve shoulder pain by local anesthetic
infiltration of the diaphragm and aspiration of the pneumoperitoneum at the conclusion of
surgery have been moderately successful. Postoperative phrenic nerve block has proven effica-
cious, but confers only transient pain relief.[13] Pain relief of post laparoscopic shoulder pain is
most commonly achieved with non-steroidal anti-inflammatory drugs (NSAIDs), acetamino-
phen, or opioids. Typically, pain may be controlled with oral analgesics and home discharge, if
desired, need not be delayed.

Visceral injury: Shoulder pain may also occur because of irritation, ischemia, compres-
sion, or rupture of visceral organs. Referred shoulder pain has been reported following
esophageal, gastric, or intestinal rupture; surgery to the liver, biliary tree, or spleen; adrenal
or pancreatic hematoma; and cholecystitis.[2] Pneumoperitoneum or hemoperitoneum
secondary to viscus or vasculature injury may occur following trauma, endoscopy, laparot-
omy, lower extremity vascular access, or any surgical procedure involving the abdomen. In
addition to shoulder pain, patients with pneumoperitoneum or hemoperitoneum may
display hypotension and peritonitis. Shoulder pain after esophagoscopy should raise con-
cern for esophageal rupture and may be accompanied by chest pain, throat pain, and fever.
This is a surgical emergency and consultation should be sought.

Thoracotomy: Ipsilateral shoulder tip pain has been described following thoracotomy,
and may occur in up to 50% of cases.[14] Pain is typically independent of movement, poorly
localized, aching in quality, and described as moderate to severe.[15,16] Ipsilateral post-
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thoracotomy shoulder pain is not relieved with epidural analgesia.[15] Referred shoulder
pain can be differentiated from incisional pain by dosing an epidural catheter. With a
properly functioning catheter, incisional pain will be relieved; however, referred ipsilateral
shoulder pain will persist. Classic ipsilateral post-thoracotomy shoulder pain will gradually
decline over the first 4 to 6 postoperative hours, rarely extending until postoperative
day 1.[15,17] Many hypotheses exist about the etiology of ipsilateral shoulder pain including
excessive surgical retraction, brachial plexus positioning injury, transaction of a major
bronchus, or pleural irritation secondary to thoracostomy tube. The phrenic nerve clearly
plays a role in referred pain transmission as preoperative phrenic nerve infiltration with
local anesthetic has been shown to reduce ipsilateral shoulder pain by nearly 50%.[18]

Additionally, postoperative phrenic nerve blockade by an interscalene brachial plexus block
has been shown to provide immediate pain relief lasting 6 to 10 hours.[16] The cornerstone
of postoperative ipsilateral shoulder pain treatment is conservative management with
NSAIDs or acetaminophen.[15] A postoperative interscalene brachial plexus block may be
considered for pain relief; however, care must be taken in selecting patients, as blockage of
the phrenic nerve and ipsilateral diaphragm may cause respiratory compromise. Ipsilateral
shoulder pain does not respond well to intravenous opioids and care must be taken to avoid
overmedication and respiratory depression in patients with compromised pulmonary
function.[18]

Other referred pain: Other sources of extrinsic pain include neurological, vascular,
pulmonary, and cardiac disease. Referred pain to the shoulder may arise from the neck,
thymus, and spleen. Particularly important in the postoperative patient are pulmonary and
cardiac insult.

The administration of anesthesia depresses airway reflexes and places the patient at risk
for pulmonary aspiration of gastric contents. Aspiration occurs in approximately 1 in 8,000
general anesthetics in healthy patients and may occur in the presence of endotracheal
intubation.[19] Aspiration pneumonia may present in the postoperative period with hypoxia,
cough, bronchospasm, and pleuritic shoulder pain. Diagnosis can be confirmed by chest
X-ray. Management includes supplemental oxygen and advanced airway management.

Classically, acute myocardial infarction may present as nausea, diaphoresis, shortness of
breath, substernal chest pain, and referred left-sided shoulder, jaw, or neck pain. In the
postoperative setting, associated chest and referred pain may be masked by systemic opioids
and anesthetic recovery. Myocardial ischemia in the PACU typically presents as tachycardia
and hypotension. Myocardial ischemia should be considered in postoperative patients with
risk factors for cardiac disease displaying tachycardia, hypotension, and shoulder pain.
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