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To Ulrike and Christine



Preface

Emergencies in medicine are difficult on two fronts: they may challenge both the
health of the patient and the skills of the doctor in charge. If the latter, the former
may deteriorate rapidly. Thus, the definition of an emergency indeed depends on
who is facing it. As we mature along our clinical pathways of education, training, and
experience, the risk of going through a personal professional emergency is continu-
ously reduced. Nevertheless, throughout our medical career, accurate self-assess-
ment and subsequent control of our actions remain our most important qualities.
This is true especially for anybody who endeavors into a surgical field.

This book focuses on both kinds of emergencies. It works to facilitate anticipation
of potential situations, and therefore allow their competent management. This aim
has only become possible with the support of some of the most distinguished urolo-
gists for this project. They contributed their rich experience not only in the classical
form of textbook chapters but also by narrating their personal Armageddons as
open-styled vignettes. These short stories are an impressive proof that persistent
awareness and education are essential elements of a successful professional life. They
also relay a golden rule to all of our readers, who still have the privilege to call some-
body if needed: if in doubt – just do it. The so-called four big Cs: climb, communi-
cate, confess, and comply are the basic actions for any pilot in distress and they may
just be as applicable for any doctor facing a difficult situation that may exceed his ex-
perience and abilities. Our pride must be to consistently achieve the same result: sa-
lus aegroti suprema lex – only the best for our patients.

At this point, we want to extend our sincere thanks to the authors who have partic-
ipated in this book. All of them are extremely busy, internationally renowned clini-
cians. Nonetheless, their effort and dedication to make Emergencies in Urology pos-
sible have surpassed all expectations, not only by the superb quality of the manu-
scripts but also by the timeliness and enthusiasm of their cooperation.

Special thanks are also extended to Stephan Spitzer, whose outstanding art and
understanding of the author’s picturesque suggestions created many of the ever-so-
crucial illustrations.

The editors wish to thank the publishers at Springer-Verlag for a fantastic job. We
are especially indebted to our Desk Editor, Meike Stoeck, who was in nearly daily
contact with us for years. She helped us immeasurably to stay on time, on the job, and
on focus. The final result has been inestimably improved by her efforts.

Markus Hohenfellner
Richard A. Santucci
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J.A. Martı́nez-Piñeiro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 554

21.17 Coitus Interruptus
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1Urologic Emergencies: Overview
S.P. Elliott, J.W. McAninch

Compared to other surgical fields there are relatively
few emergencies in urology. For this reason we may be-
come unaccustomed to caring for the acutely ill patient.
Therefore, it is important to keep certain guiding prin-
ciples in mind when confronted with a patient with an
emergent urologic condition.

First, remember that emergencies in urology are
rarely life-threatening. Even some of the most concern-
ing conditions such as pyonephrosis or renal trauma
are urgent but usually not emergent. Remembering this
principle will prevent one from making rushed deci-
sions about management. Important questions to con-
sider before acting are:

1. Is the patient well enough to undergo an opera-
tion?

2. Will an operation improve the situation or is a
minimally invasive approach or patience a better
course of action?

3. Have you considered possible concomitant pathol-
ogy or injuries?

4. Should you involve a general surgeon, internist, or
intensivist in the patient’s care?

5. Would additional imaging be helpful?

By no means should an urgent problem go untreated
but taking a couple of minutes to think through these
questions could avoid misguided therapy.

Second, as mentioned above, avail yourself of imag-
ing of the genitourinary tract. Radiology should be
considered an extension of the physical exam in urolo-
gy since many of the structures are difficult to examine
by palpation. Contrast-enhanced computerized to-
mography of the abdomen and pelvis with delayed im-
aging of the urinary collection system plays a critical
role in the evaluation and management of abdominal
trauma involving the urinary system, ultrasound is of-
ten indispensable in the differentiation of orchitis and
testicular torsion, and a cystogram diagnoses a bladder
perforation as intraperitoneal or extraperitoneal. In
each of these examples, findings on radiographic imag-
ing will significantly alter one’s choice of management.
The urologist should be familiar with the options for
imaging and the interpretation of those images.

Third, and perhaps most important, do not be afraid
to involve other urologists or other services in the care
of the patient, particularly if you are unfamiliar with
the management of the acutely ill patient. As alluded to
above, many of us have an office-based practice and
perform mostly short-stay surgery. If one is uncomfort-
able managing an acutely ill patient one should not al-
low pride to prevent one from consulting a colleague
early in the patient’s hospital course.
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2.1
Diagnosis
2.1.1
The Use of Guidelines and Algorithms

The first step in the management of urologic emergen-
cies is to recognize the clinical significance. One must
distinguish among genuinely life-threatening problems
such as urosepsis or kidney rupture, urgent problems
such as testicular torsion, and merely troublesome con-
ditions such as cystitis in a healthy young woman. This
may be more easily said than done. The practitioner is
challenged both by the broad spectrum of urologic
emergencies and by the even more numerous possible
diagnoses mimicking urologic symptoms. For exam-
ple, a patient with a long history of renal colic may pre-
sent with acute flank pain, tachycardia, tachypnea, and
hypotension. If renal ultrasound is normal (lack of up-
per tract dilatation) and urinalysis reveals no microhe-
maturia, abdominal ultrasonography and/or computed
tomography (CT), as indicated in a diagnostic algo-
rithm, will lead to the correct diagnosis of ruptured ab-
dominal aneurysm.

A useful source of immediate, compact information
for clinicians is found in published clinical guidelines
(e.g., from the European Association of Urology

[EAU][Lynch et al. 2005], the American Urological As-
sociation [AUA][Montague et al. 2003], or others often
based upon the classification for urologic trauma for-
mulated by the American Association for the Surgery
of Trauma [Baker et al. 1974; Moore et al. 1989]). Most
preferable are guidelines classified by the level of evi-
dence: S1 guidelines representing an informal consen-
sus of experts, S2 a formal consensus, and S3 a formal
consensus adhering to evidenced-based medicine, with
the elaboration of clinical algorithms. Guidelines in
this form are widely used in other fields such as emer-
gency medicine (e.g., cardiovascular resuscitation, ini-
tial management of trauma patients) and are increas-
ingly used in urology.

Algorithms lead the doctor through the different po-
tential situations arising during a urologic emergency
and communicate in a clear and rapid way how to pro-
ceed to the next step. Because they are presented in a
stepwise fashion and are logical, they are often easy to
memorize. The branching design of algorithms creates
decision trees, and the management pathway cannot be
continued until the proper test is ordered or the diag-
nostic solution found. Algorithms therefore provide
what is essential and unique to emergency medicine: a
simultaneity of diagnosis and therapy.

2.1.2
The Emergency Setting

The emergency setting is characterized by continuous
and rapid changes in the patient, and thus the assess-
ment can seldom be deemed complete. Accordingly, re-
peated checks of the patient and of the working hypoth-
esis are warranted. It is also important to evaluate the
results of each step in the therapeutic process.

The current availability of high-tech diagnostic
tools does not supplant the need for a urologist who is
able to identify the salient facts in the history and find-
ings on physical examination, as these are the bases for
the correct management choice. The urologist must al-
so be skilled in extracting the relevant results from
technical or laboratory tests and in integrating these in-
to the given management pathway.

Chapter 2



2.2
History

Urologic emergencies, even if life-threatening (e.g.,
sepsis or hemodynamically relevant postoperative
bleeding), should not hinder history taking of the acute
event. Information to elicit includes concurrent illness
or operation (e.g., previous nephrectomy in a patient
with traumatic kidney rupture), medication (e.g., fever
in neutropenic patients after chemotherapy requires a
different therapeutic approach), and (crucially) allergy.
Any minimal delay in therapy is offset by the avoidance
of any potential iatrogenic complication, possibly add-
ing a second emergency to the one already under evalu-
ation. The AMPLE history (Allergies, Medications, Past
medical history, time of Last meal, Events preceding
the injury) used in trauma surgery can be used as a
template in traumatic and even nontraumatic emer-
gencies. Other elements of the urgent history include
localization, time dimension, intensity and mitigating/
inducing factors of the current problem. Some patients
may not be able to report their condition themselves. In
young children, patients with dementia, and those who
are severely ill (urosepsis or polytrauma) or whom we
are asked to treat intraoperatively, the history may be
obtained from family members, the rescue staff, or the
operating team.

The importance of history taking in urologic emer-
gency is illustrated by a prospective study (Eskelinen et
al. 1998) addressing its accuracy in acute renal colic.
The combination of gross hematuria, loin tenderness,
pain lasting less than 12 h, and decreased appetite–all
information easily available from history–detected re-
nal colic with a sensitivity of 84% and a specificity of
98%.

2.3
Physical Examination
2.3.1
Primary Survey

In emergency urology, many decision trees branch on
the vital signs of blood pressure, pulse rate, respiratory
rate, temperature, and general assessment of the pa-
tient (i.e., toxic or well appearing). These should be
available from nursing personnel before any history
taking by the doctor; if not, they must be obtained
quickly (and updated frequently). After the vital signs,
the initial assessment follows. Although urologists will
be tempted to emphasize the genitourinary physical ex-
amination, elements of airway, breathing, circulation,
disability (neurologic) and exposure (environmental),
making up the ABCs, must be assessed (even briefly) in
emergency cases before getting down to the U for urol-
ogy! The authors have witnessed patients with impres-

sive gunshot wounds to the genitalia that completely di-
verted primary caregiver attention from chest gunshot
wounds that ultimately required emergency thoracoto-
my.

The urologist will be better able to make use of mod-
ern diagnostic tools and management algorithms in a
purposeful manner once the urologic history and phys-
ical examination are complete. They should not be by-
passed. A prospective controlled study addressing the
predictive value of abdominal examination in the diag-
nosis of abdominal aortic aneurysm, for instance, re-
ported a negative predictive value higher than 90% for
aneurysms of 4 cm and a positive predictive value over
80% for those larger than 5 cm (Vendatasubramaniam
et al. 2004). Another group (van den Berg et al. 1999)
compared the detection of groin hernia by different di-
agnostic tools and physical examination. Interestingly,
physical examination achieved a sensitivity of 75% and
a specificity of 96%. In patients with acute abdominal
pain (Bohner et al. 1998), the variables with the highest
sensitivity for bowel obstruction were distended abdo-
men, decreased bowel sounds, history of constipation,
previous abdominal surgery, vomiting, and age over
50 years. The authors of this study calculated that, if on-
ly those patients presenting two of these variables had
undergone imaging, radiography could have been
avoided in 46% without loss of diagnostic accuracy.

2.3.2
Secondary Survey

After vital signs and the initial assessment, the second-
ary assessment is conducted. If possible, the physical
examination should be conducted in a systematic way
in a fully exposed patient. In trauma patients, the risk
of hypothermia must be considered even in the warmer
months; nevertheless, it should not hinder complete ex-
posure for examination and it will be reduced by warm
infusions and by covering with external warming de-
vices after assessment (ATLS Manual 2004a). With the
exception of life-threatening emergencies requiring
immediate evaluation and therapy, the secondary as-
sessment should include organ systems other than
those assumed to be affected. This will allow the dis-
covery of physical signs not necessarily linked to the
working hypothesis, as well as those arising from any
additional disease (e.g., discovering a melanoma in a
patient presenting with renal colic).

The reduced interrater reliability (Close et al. 2001)
or accuracy (Weatherall and Harwood 2002) of some
physical tests should not lead to a dismissal of the phys-
ical examination as a whole. For example, blood at the
urethral meatus is only 50% predictive of posterior
urethral distraction injury, and a high-riding prostate
is only 33% predictive, but they are nonetheless useful
features of the assessment. It remains the task of uni-
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versities and training programs to support the teaching
of these basic physical examination skills and their suc-
cessful incorporation into diagnostic and therapeutic
algorithms.

2.4
Laboratory Testing

Before trusting any laboratory value, one should always
verify that the results actually stem from the patient and
that laboratory or collection error has not occurred.
Even in modern hospital systems, laboratory values are
not completely reliable and blood or urine samples may
have been exchanged. This is particularly important in
episodes of mass casualty with numerous traumatized
patients arriving simultaneously at the emergency
room (ATLS Manual 2004b). In all cases, laboratory val-
ues that appear erroneous or do not make sense should
be quickly rechecked before irrevocable steps are taken
in the patient’s care. Blood drawn from a vein above an
intravenous infusion, for example, may show a very low
hematocrit level indicating massive blood loss, but if
the patient appears well and has normal vital signs the
value might best be rechecked rapidly before acting.

In the management of emergencies, the time re-
quired for a particular test to return a result is a rele-
vant issue. Diagnostic tools that are faster but less accu-
rate may be substituted. For example, a patient with a
suspected pulmonary embolus and a positive d-dimer
blood test in the emergency room (fast but not 100%
accurate) may be started on heparin while awaiting a
more definitive spiral CT of the chest or angiogram.
This provides the soonest effective therapy.

A peculiarity in urologic laboratory testing is found
in the analysis of dipstick versus microscopic versus
microbiological (culture) urine analysis. Culture re-
sults, particularly, will not be available for 48–72 h. It is
imperative, however, to have collected a sample before
starting empiric antibiotic treatment. The safest plan is
to consider a complete urinalysis to consist not only of
a dipstick test but also microscopic analysis and, if
there are any nitrates or white blood cells present, an
automatic Gram-positive and Gram-negative microbi-
ologic culture.

Dipstick tests are quick but give both false-positive
and false-negative results in the presence of some phys-
icochemical urine properties as well as certain drugs.
Blood detection might be hindered by captopril or vita-
min C intake and leukocyte esterase by elevated specif-
ic gravity, glycosuria, proteinuria, and oxidating drugs,
including some cephalosporins, tetracycline, and gen-
tamicin (Simerville et al. 2005).

The sensitivity of dipstick urinalysis ranges from 91%
to 96% for microscopic hematuria, 72% to 97% for ab-
normal leukocyte esterase, and 19% to 48% for nitrites;

specificity ranges from 65% to 99%, 41% to 86%, and
92% to 100%, respectively(Simerville et al. 2005). Under
the pressure of cost containment, numerous studies have
addressed the diagnostic value of dipstick testing in the
emergency room. Two prospective observational studies
concluded that, in women with suspected UTI, over- and
undertreatment rates were similar for various test cut-off
values for urine dipstick and microscopic urine analysis
(Lammers et al. 2001) and that microscopy prompted
changes in only 6% of patients with suspected UTI and in
none with suspected microhematuria (Jou and Powers
1998). On the other hand, Leman (2002) calculated that
microscopy improved the specificity for UTI in women
presenting to the emergency room. More importantly,
the study revealed the dipstick urinalysis to be suscepti-
ble to systemic bias for UTI, resulting in different sensi-
tivity and specificity values in patients with different
clinical manifestations (Lachs et al. 1992; Grosse et al.
2005). In short, although the value of microscopy may be
controversial in the general emergency room setting, it is
not so in the urologic emergency room. In this specific
population, many with severe or recurrent UTI, the prac-
tice of obtaining microscopy in addition to dipstick uri-
nalysis is warranted.

2.5
Imaging
2.5.1
Sonography

History, physical examination and laboratory tests are
usually completed by various imaging procedures. In
Europe, the easiest test to access is commonly sonogra-
phy; in the US it is probably CT. Sonography allows the
evaluation of the size and position of the kidneys, pa-
renchymal width, and the detection of masses, calculi
(especially over 3 mm) (Heinz-Peer and Helbich 2001)
and calcifications. Moreover, it is possible to diagnose
urinary tract dilatation and assess the grade of hydro-
nephrosis. In the lower urinary tract, sonography can
show bladder tumors, clots, and bladder stones. Finally,
after micturition the residual volume can be calculated.

Emergency indications for formal renal ultrasound
include renal colic, renal failure, acute renal infection,
urinary retention, and the detection of complications
in renal transplant patients, as well as the exclusion of
important nonurologic differential diagnoses such as
spleen or liver rupture. However, because of the over-
whelming diagnostic advantages of CT (Fowler et al.
2002; Sheafor et al. 2000), renal ultrasound is likely the
second best choice for imaging calculi in suspected
colic, except in children and pregnant women.

Emergency vascular evaluation by Doppler or du-
plex sonography is indicated in the acute scrotum to
detect testicular torsion: the ultrasound finding of de-
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creased or absent testicular flow achieves a sensitivity
of up to 90% and a specificity of over 98% (Karmazyn
et al. 2005). Emergency duplex sonography is also ap-
plicable for the detection of renal venous thrombosis
(as a second choice after CT in patients who are preg-
nant or allergic to iodinated contrast) and perfusion
disorders complicating renal transplantation, trauma,
or urologic surgery.

2.5.2
Plain Abdominal Films

Although less useful, plain abdominal films (KUB) in-
clude information about the size and position of the
kidneys, of the psoas shadow (poor identification may
be a manifestation of retroperitoneal hematoma from a
ruptured aortic aneurysm), and of intestinal gas distri-
bution (e.g., postoperative ileus) and can aid the search
for calculi and organ calcification, free intraabdominal
gas, and bone pathology. For more than half a century,
the plain abdominal film was the only tool available to
detect urolithiasis. However, because of its limited ac-
curacy for the direct detection of stones (Haddad et al.
1992; Levine et al. 1997; Mutgi et al. 1991), it is indicated
only in follow-up of conservatively managed urolithia-
sis, of fragmentation results after lithotripsy (in combi-
nation with sonography), and for missed calculi after
ureterorenoscopy (Grosse et al. 2005). Its advantages
include availability, rapidity, and the ease of image
evaluation even by a nonradiologist. Its only secondary
effect is a small degree of radiation exposure, which is
generally not a contraindication except in pregnant
women and perhaps young children.

2.5.3
Intravenous Pyelography

Intravenous pyelography (IVP) allows additional qual-
itative analysis over KUB. It can determine the secreto-
ry function of each kidney, the presence of delay in fill-
ing of the renal pelvis (found in urinary obstruction),
the post-void residual volume, and can describe the
genitourinary anatomic pathology. Until 1995, IVP was
the mainstay in the diagnosis of renal colic, but it has
since been supplanted by helical CT. Its drawbacks are
its generally lower sensitivity, the risk of forniceal rup-
ture because of osmotic diuresis from contrast in the
presence of occluding calculi, and the relatively long
time to obtain the several images required for a com-
plete IVP study. In some hospital systems, although the
patient may be billed more for a CT scan than for an
IVP (say US $ 2,000 for a noncontrast CT of the abdo-
men and pelvis versus US $ 650 for an IVP), the actual
cost to the institution is much lower for CT. The speci-
ficities of IVP and helical CT for urolithiasis appear to
be similar (Niall et al. 1999; Reiter et al. 1999).

Further disadvantages of IVP include the potential
to mask stones through the secreted contrast product,
the risks of iodinated contrast (including allergic reac-
tion up to anaphylaxis), and an eventual induction of
thyrotoxicosis in patients with clinically silent hyper-
thyroidism. The possibility of impaired renal function
from IVP dye and the contraindication to injection in
those with significant renal insufficiency cannot be for-
gotten. It is not without its benefits, however, and there
are some situations in which IVP is actually preferred,
as in the need for precise anatomic planning before
complex ureteroscopy or percutaneous nephrolithoto-
my (Grosse et al. 2005).

2.5.4
Computed Tomography

Computed tomography is the gold standard in most
urologic emergencies, including urolithiasis and renal
trauma in the context of polytrauma. It is also useful in
the exclusion of postoperative complications such as
hemorrhage, abscess, or ileus (Balthazar 1994), or dif-
ferential diagnoses such as abdominal aortic aneurysm
(Hirsch et al. 2006).

The use of the nonenhanced helical CT to detect uro-
lithiasis has been established since the ninetees (Liu et
al. 2000; Miller et al. 1998) and has now mostly dis-
placed IVP (Dalla Palma 2001). The sensitivity, de-
pending on calculus size, amounts to nearly 100% (Liu
et al. 2000; Catalano et al. 2002; Fielding et al. 1997;
Hamm et al. 2002). CT detects even nonradiolucent cal-
culi, with the exception of stones composed of the pro-
tease-inhibitor indinavir (used to treat HIV). It can also
predict the chances of spontaneous calculus discharge
by its accurate size measurement and by the inverse
correlation of the intensity of perinephric stranding
with spontaneous discharge (Sandhu et al. 2003a, b).

Generally, exposure to radiation from CT is higher
than with IVP, although newer low-dose nonenhanced
helical CT protocols achieve radiation doses in the
same range as IVP with comparable accuracy to stan-
dard CT imaging (Hamm et al. 2002).

CT urography (CT scan without, then with, contrast,
followed by delayed images showing the urinary excre-
tion phase) reaches an accuracy of 100% in the detec-
tion of urolithiasis and it permits assessment of the ret-
roperitoneum and renal vessels, facilitating the differ-
entiation from other causes of acute flank pain. Its ma-
jor drawbacks are its long duration, high radiation
dose, and the necessity for contrast with the attendant
potential secondary effects.

In the hemodynamically stable trauma patient, CT is
the gold standard, as it accurately defines the location
and severity of injuries, allowing a conservative surgi-
cal approach if appropriate. It also provides a view of
the entire abdominal viscera, retroperitoneum and pel-
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vis. Hemodynamic instability still mandates immedi-
ate operative exploration in patients with suspected re-
nal trauma (Kawashima et al. 2001). Intraoperatively, a
single-shot IVP can be obtained to image renal injury
(Nicolaisen et al. 1985).

In the setting of hemodynamic stable polytrauma
patient, CT cystography is an excellent alternative to
conventional retrograde cystography (Deck et al.
2000), when necessary. Also, it allows the diagnosis of
ureteral lesions resulting in contrast extravasation. In
cases of persistent strong suspicion with negative CT,
IVP or retrograde ureteropyelography (Lynch et al.
2005) should be adopted. To detect urethral injury, the
recommended imaging method is still retrograde ure-
thrography (Lynch et al. 2005).

2.5.5
Magnetic Resonance Imaging

Because of its excellent anatomic accuracy, MRI has be-
come irreplaceable in modern uroradiology, but most
indications concern oncology and only rarely is it used
to evaluate urologic emergencies. An exception worth
mentioning is the evaluation of penile rupture (when
history and examination are unclear).

In MRI urography, the T2-weighted sequences are
used to create an accurate anatomic representation of
the urogenital organs and for the detection and analy-
sis of hydronephrosis and hydroureters independent of
renal function. T1-weighted contrast-enhanced MRI
allows the analysis of excretory renal function and the
evaluation of urinary outflow in the upper urogenital
tract. MRI urography is particularly useful in the diag-
nosis of congenital disturbances in children (Nolte-
Ernsting et al. 2001). The avoidance of iodinated con-
trast also makes MRI the primary choice in patients al-
lergic to contrast material.

2.5.6
Chest X-Ray

For a more comprehensive view of the patient, to ex-
clude nonurologic differential diagnoses (e.g., basal
pneumonia with low posterior intercostal pain mim-
icking pyelonephritis) or complications of urologic dis-
orders (e.g., lung metastases in testicular cancer),
chest-x-ray should also be considered. In any case, an
interdisciplinary diagnostic and therapeutic approach
should always be adopted to optimize patient manage-
ment.

References

ATLS Manual (2004a) Advanced trauma life support for doc-
tors, 7th edn. American College of Surgeons, Chicago, pp 18,
76

ATLS Manual (2004b) Advanced trauma life support for doc-
tors, 7th edn. American College of Surgeons, Chicago, p 80

Baker SP, O’Neill B, Haddon W Jr et al (1974) The injury severi-
ty score: a method for describing patients with multiple in-
juries and evaluating emergency care. J Trauma 14:187

Balthazar EJ (1994) For suspected small-bowel obstruction
and an equivocal plain film, should we perform CT or a
small-bowel series? AJR Am J Roentgenol 163:1260

Bohner H, Yang Q, Franke C et al (1998) Simple data from his-
tory and physical examination help to exclude bowel ob-
struction and to avoid radiographic studies in patients with
acute abdominal pain. Eur J Surg 164:777

Catalano O, Nunziata A, Altei F et al (2002) Suspected ureteral
colic: primary helical CT versus selective helical CT after un-
enhanced radiography and sonography. AJR Am J Roentge-
nol 178:379

Close RJ, Sachs CJ, Dyne PL (2001) Reliability of bimanual pel-
vic examinations performed in emergency departments.
West J Med 175:240

Dalla Palma L (2001) What is left of i.v. urography? Eur Radiol
11:931

Deck AJ, Shaves S, Talner L et al (2000) Computerized tomog-
raphy cystography for the diagnosis of traumatic bladder
rupture. J Urol 164:43

Eskelinen M, Ikonen J, Lipponen P (1998) Usefulness of histo-
ry-taking, physical examination and diagnostic scoring in
acute renal colic. Eur Urol 34:467

Fielding JR, Steele G, Fox LA et al (1997) Spiral computerized
tomography in the evaluation of acute flank pain: a replace-
ment for excretory urography. J Urol 157:2071

Fowler KA, Locken JA, Duchesne JH et al (2002) US for detect-
ing renal calculi with nonenhanced CT as a reference stan-
dard. Radiology 222:109

Grosse A, Grosse CA, Mauermann J et al (2005) [Imaging tech-
niques and their impact in treatment management of pa-
tients with acute flank pain]. Radiologe 45:871

Haddad MC, Sharif HS, Shahed MS et al (1992) Renal colic: di-
agnosis and outcome. Radiology 184:83

Hamm M, Knopfle E, Wartenberg S et al (2002) Low dose unen-
hanced helical computerized tomography for the evaluation
of acute flank pain. J Urol 167:1687

Heinz-Peer G, Helbich T (2001) [Urological and nephrological
emergency-value of diagnostic imaging]. Wien Med Wo-
chenschr 151:560

Hirsch AT, Haskal ZJ, Hertzer NR et al (2006) ACC/AHA 2005
Practice Guidelines for the management of patients with pe-
ripheral arterial disease (lower extremity, renal, mesenteric,
and abdominal aortic): a collaborative report from the
American Association for Vascular Surgery/Society for Vas-
cular Surgery, Society for Cardiovascular Angiography and
Interventions, Society for Vascular Medicine and Biology,
Society of Interventional Radiology, and the ACC/AHA Task
Force on Practice Guidelines (Writing Committee to Devel-
op Guidelines for the Management of Patients With Periph-
eral Arterial Disease): endorsed by the American Associa-
tion of Cardiovascular and Pulmonary Rehabilitation; Na-
tional Heart, Lung, and Blood Institute; Society for Vascular
Nursing; TransAtlantic Inter-Society Consensus; and Vascu-
lar Disease Foundation. Circulation 113:e463

Jou WW, Powers RD (1998) Utility of dipstick urinalysis as a
guide to management of adults with suspected infection or
hematuria. South Med J 91:266

Karmazyn B, Steinberg R, Kornreich L et al (2005) Clinical and

6 2 The Clinical Approach to the Acutely Ill Patient



sonographic criteria of acute scrotum in children: a retro-
spective study of 172 boys. Pediatr Radiol 35:302

Kawashima A, Sandler CM, Corl FM et al (2001) Imaging of re-
nal trauma: a comprehensive review. Radiographics 21:557

Lachs MS, Nachamkin I, Edelstein PH et al (1992) Spectrum bi-
as in the evaluation of diagnostic tests: lessons from the rap-
id dipstick test for urinary tract infection. Ann Intern Med
117:135

Lammers RL, Gibson S, Kovacs D et al (2001) Comparison of
test characteristics of urine dipstick and urinalysis at vari-
ous test cutoff points. Ann Emerg Med 38:505

Leman P (2002) Validity of urinalysis and microscopy for de-
tecting urinary tract infection in the emergency depart-
ment. Eur J Emerg Med 9:141

Levine JA, Neitlich J, Verga M et al (1997) Ureteral calculi in pa-
tients with flank pain: correlation of plain radiography with
unenhanced helical CT. Radiology 204:27

Liu W, Esler SJ, Kenny BJ et al (2000) Low-dose nonenhanced
helical CT of renal colic: assessment of ureteric stone detec-
tion and measurement of effective dose equivalent. Radiolo-
gy 215:51

Lynch TH, Martinez-Pineiro L, Plas E et al (2005) EAU guide-
lines on urological trauma. Eur Urol 47:1

Miller OF, Rineer SK, Reichard SR et al (1998) Prospective
comparison of unenhanced spiral computed tomography
and intravenous urogram in the evaluation of acute flank
pain. Urology 52:982

Montague DK, Jarow J, Broderick GA et al (2003) American
Urological Association guideline on the management of pri-
apism. J Urol 170:1318

Moore EE, Shackford SR, Pachter HL et al (1989) Organ injury
scaling: spleen, liver, and kidney. J Trauma 29:1664

Mutgi A, Williams JW, Nettleman M (1991) Renal colic. Utility
of the plain abdominal roentgenogram. Arch Intern Med
151:1589

Niall O, Russell J, MacGrego, R et al (1999) A comparison of
noncontrast computerized tomography with excretory ur-
ography in the assessment of acute flank pain. J Urol 161:534

Nicolaisen GS, McAninch JW, Marshall GA et al (1985) Renal
trauma: re-evaluation of the indications for radiographic as-
sessment. J Urol 133:183

Nolte-Ernsting CC, Tacke J, Adam GB et al (2001) Diuretic-en-
hanced gadolinium excretory MR urography: comparison
of conventional gradient-echo sequences and echo-planar
imaging. Eur Radiol 11:18

Reiter WJ, Schon-Pernerstorfer H, Dorfinger K et al (1999) Fre-
quency of urolithiasis in individuals seropositive for human
immunodeficiency virus treated with indinavir is higher
than previously assumed. J Urol 161:1082

Sandhu C, Anson KM, Patel U (2003a) Urinary tract stones:
Part II: current status of treatment. Clin Radiol 58:422

Sandhu C, Anson KM, Patel U (2003b) Urinary tract stones:
Part I: role of radiological imaging in diagnosis and treat-
ment planning. Clin Radiol 58:415

Sheafor DH, Hertzberg BS, Freed KS et al (2000) Nonenhanced
helical CT and US in the emergency evaluation of patients
with renal colic: prospective comparison. Radiology 217:792

Simerville JA, Maxted WC, Pahira JJ (2005) Urinalysis: a com-
prehensive review. Am Fam Physician 71:1153

Van den Berg JC, de Valois JC, Go PM et al (1999) Detection of
groin hernia with physical examination, ultrasound, and
MRI compared with laparoscopic findings. Invest Radiol
34:739

Venkatasubramaniam AK, Mehta T, Chetter IC et al (2004) The
value of abdominal examination in the diagnosis of abdomi-
nal aortic aneurysm. Eur J Vasc Endovasc Surg 27:56

Weatherall M, Harwood M (2002) The accuracy of clinical as-
sessment of bladder volume. Arch Phys Med Rehabil 83:1300

References 7



3 New Developments in Anesthesia
J. Motsch, Ch. Schramm, E. Martin

3.1 Perioperative Cardiac Complications 8
3.1.1 Myocardial Ischemia 8
3.1.2 Arrhythmias 9
3.1.2.1 Bradycardia 10
3.1.2.2 Supraventricular Tachyarrhythmias 10
3.1.2.3 Ventricular Tachyarrhythmias 11
3.1.3 Acute Heart Failure 12
3.1.3.1 Etiology 12
3.1.3.2 Diagnosis 12
3.1.3.3 Therapy 13

3.2 Deep Vein Thrombosis and Pulmonary
Embolism 15

3.2.1 Risk Factors 15
3.2.2 Medical History 16
3.2.3 Therapy 16

3.3 Shock 17
3.3.1 Intraoperative and Postoperative Hemorrhage 17
3.3.2 Anaphylaxis 18
3.3.2.1 Symptoms and Treatment 18

3.4 Sepsis 18
3.4.1 Definitions 18
3.4.1.1 Systemic Inflammatory Response Syndrome 18
3.4.1.2 Sepsis 19
3.4.2 Standard Therapy for Sepsis 19
3.4.3 Early Goal Directed Therapy for Sepsis 19
3.4.4 Heidelberg Sepsis Pathway 19

3.5 Intensive Care Procedures 20
3.5.1 Analgosedation 20
3.5.1.1 Algorithm 21
3.5.1.2 Assessment of Agitation and Pain 23
3.5.1.3 Drug Adjustment 23
3.5.2 Monitoring 23
3.5.2.1 Transesophageal Echocardiography 23
3.5.2.2 PiCCO 23

3.6 Intraoperative and Postoperative Procedures 25
3.6.1 TUR Syndrome 25
3.6.2 Prevention of Postoperative Nausea and

Vomiting 25
3.6.2.1 Risk Factors for PONV 26
3.6.2.2 Antiemetic Strategy 26
3.6.2.3 Antiemetic Drugs 27

3.7 Perioperative Management of Jehovah’s
Witnesses 27

3.7.1 Legal Issues 28
3.7.2 Physiology of Anemia 28
3.7.3 Strategies to Avoid Blood Transfusions 28
3.7.4 Conclusion 30

References 30

3.1
Perioperative Cardiac Complications

Major cardiac complications presenting as myocardial
infarction, myocardial ischemia, cardiac failure, or life-
threatening dysrhythmias contribute significantly to
perioperative morbidity and mortality. Preventive
strategies are of major importance since even despite
adequate treatment these events are associated with
poor outcome.

3.1.1
Myocardial Ischemia

According to Poldermans and Boersma (2005), the in-
cidence of a perioperative myocardial infarction is
0.185% in the United States. Approximately 50,000out
of 27 million patients who are given anesthesia for sur-
gical procedures annually suffer perioperative myocar-
dial infarction. The cause is a prolonged mismatch be-
tween myocardial oxygen demand and supply owing to
the stress of surgery or as the result of a sudden rupture
of a vulnerable plaque followed by thrombus formation
and coronary artery occlusion.

Beta-blockers decrease the myocardial oxygen de-
mand by reducing heart rate and myocardial contrac-
tility. Additionally they modulate the adrenergic activi-
ty leading to decreased levels of fatty acids, thus result-
ing in a shift in myocardial metabolism toward glucose
uptake (Schouten et al. 2006). To identify patients who
might benefit from a perioperative beta-blocker thera-
py, Lindenauer et al. (2005) conducted a retrospective
cohort study on 782,969 patients using the validated
Revised Cardiac Risk Index (RCRI) (Lee et al. 1999) to
stratify patients as low cardiac risk (RCRI 0 and 1) and
as high cardiac risk (RCRI 2, 3, 4 or more). The study
demonstrated that perioperative beta-blocker therapy
is associated with a reduced risk of in-hospital death
among high risk, but not low-risk patients undergoing
major noncardiac surgery.

According to the meta-analysis of Schouten et al.
(2006), in 1,077 patients with noncardiac surgeries, pe-
rioperative administration of beta-blockers lowers the
risk of myocardial ischemia by 65% (p<0.001), the risk
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of myocardial infarction by 56% (p=0.04), and the sur-
rogate risk of cardiac death and nonfatal myocardial in-
farction by 67% (p=0.002). Administration of beta-
blockers should be commenced prior to surgery, a
dose-titration has to be carried out up to the induction
of anesthesia, and a lifelong continuation of beta-
blocker therapy is recommended in high-risk patients.
The optimum time interval to start treatment with be-
ta-blockers before surgery has not yet been defined by
studies. The choice of the beta-blocker is of minor im-
portance, since no specific beta-blocker demonstrated
a superior effect in the perioperative setting. The side
effects of perioperative administration of beta-blockers
are a 4.3-fold increased risk of bradycardia (p=0.006),
but hypotension, atrioventricular block, pulmonary
edema, and bronchospasm are not significantly associ-
ated with perioperative beta-blocker therapy. The fol-
lowing contraindications should be kept in mind prior
to commencement of beta-blocker therapy: bradycar-
dia, second or third degree atrioventricular block, sick
sinus syndrome, and acute heart failure. Patients with
asthma bronchiale have to be carefully evaluated as to
whether they may benefit from primary protective car-
diac effects or are harmed by side effects.

For a practical pathway concerning the periopera-
tive beta-blocker therapy, please refer to Fig. 3.1.

3.1.2
Arrhythmias

Cardiac arrhythmias contribute significantly to mor-
bidity and mortality in the perioperative period. Al-
though the knowledge on antiarrhythmic drug use in
nonsurgical settings is expanding rapidly, data on the
use of these agents perioperatively are still scarce.

Fig. 3.1. Perioperative thera-
py with q -blockers. Patients
with good left-ventricular
function (LVF) receive meto-
prololsuccinate 95 mg once
per day; patients with im-
paired LVF receive 47.5 mg
once per day. For contraindi-
cations and further explana-
tions see text. Modified from
Teschendorf 2006

Antiarrhythmic pharmacology is focused on the
cardiac ion channels and adrenergic receptors for man-
agement of arrhythmias in adults during surgery and
anesthesia. Virtually all drugs that modulate heart
rhythm work through the adrenergic receptor/second
messenger system through one or more ion channels.
Generally three classes of ion channels have to be con-
sidered based on the cation they conduct: sodium
(Na+), calcium (Ca2+), and potassium (K+) channels.
Although ion channels as molecular targets are distinc-
tive, the drug receptor sites are highly homologous,
causing some class overlap associated with antiar-
rhythmic therapy. Table 3.1 lists the molecular targets
of antiarrhythmic agents used perioperatively.

Table 3.1. Classification of antiarrhythmic drugs

Receptor Class Drugs

Na+, K+ channels IA Amiodarone, procainamide, aj-
maline, quinidine

Na+ channels IB Lidocaine, phenytoin, mexileti-
nea, tocainidea

IC Propafenone

Beta-adrenocep-
tors

II Esmolol, amiodarone, proprano-
lol, atenolol, sotalola

K+ channels III Bretylium, ibutilide, sotalola, do-
fetilidea

Ca2+ channels IV Verapamil, diltiazem, amiodarone

a Orally (only commercially available form)
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Perioperative arrhythmias are caused by physiologic
and pathologic disturbances or by pharmacologic drug
effects. Physiologic disturbances include hypoxemia,
hypercapnia, acidosis, hypotension, hypovolemia, elec-
trolyte imbalances, adrenergic stimulation (light anes-
thesia), vagal stimulation, and mechanical irritation
(chest tube, pulmonary artery catheter). Pathologic
cardiac disturbances include myocardial ischemia, in-
farction, acute heart failure, pulmonary embolism, and
micro- or macrocirculatory shock. Therapy with proar-
rhythmic drugs must also be considered when arrhyth-
mias occur perioperatively.

The primary indications for antiarrhythmics are
compromised hemodynamics due to critical tachycar-
dias or bradycardias with impaired cardiac output. An-
other indication is the increased risk for cardiac death
due to malignant or potentially malignant arrhyth-
mias. Since all of the antiarrhythmic drugs also bear a
proarrhythmic effect, treatment with antiarrhythmics
may harm the patient, as was demonstrated in the Car-
diac Arrhythmia Suppression Trial (CAST). Therefore,
a thorough risk–benefit analysis is mandatory prior to
long-term treatment with antiarrhythmics. Generally,
the primary aim of antiarrhythmic therapy is to treat
the underlying condition such as coronary heart dis-
ease or acute heart failure and not to cure symptoms.

In the perioperative setting, arrhythmias are ob-
served quite commonly. Since in the operating room
environment there are many reversible causes that pre-
dispose patients to arrhythmias, these conditions
should be treated before considering pharmacological
antiarrhythmic strategies. But in some patients periop-
erative arrhythmias pose the potential for rapidly de-
veloping life-threatening events necessitating immedi-
ate treatment.

3.1.2.1
Bradycardia

Bradycardia is defined as a heart rate below 60 beats per
minute. In trained athlete patients as well as in patients
with excessive beta-blocker therapy, the heart rate can
drop below 40 beats per minute with no symptoms.
When low cardiac output is associated with bradycar-
dia, the following stepwise therapeutic approach is in-
dicated, where continuously the next step should be
taken on failure of the previous step:

) Start with the administration of a parasympatholyt-
ic drug such as atropine up to 3 mg intravenously.
) Then administer a beta-adrenergic drug, e.g.,

epinephrine in boluses of 10 µg i.v.
) Thereafter consider the application of a transient

pacemaker, either as an external transthoracic
stimulation with pads or via an esophageal stimu-
lation probe.

When an external pacemaker is not available, a defi-
brillator with its stimulation mode may be used in case
of emergency. Alternatively, internal stimulation with a
temporary transvenous-inserted sterile stimulation
probe is the treatment of choice in severe heart block.

3.1.2.2
Supraventricular Tachyarrhythmias

Various adverse physiological phenomena can evoke
supraventricular tachyarrhythmias in anesthetized or
critically ill patients. For management of the surgical
patient, a thorough but rapid consideration of potential
causes is required, because correction of reversible
conditions may prevent life-threatening conditions.
Antiarrhythmic therapy should only be considered af-
ter these etiologies have been excluded or in cases of ex-
treme hemodynamic instability.

The origin of supraventricular tachyarrhythmias
lies in the area of the atria, the sinus node, or the atrio-
ventricular node (AV node).

) Paroxysmal supraventricular tachyarrhythmia with
preexcitation is caused (most commonly) by con-
genital short-circuit conductive fibers leading to a
bypass of the regular excitation from the sinus
node over the atria to the AV node.

Wolff-Parkinson-White syndrome (WPW) is the most
common preexcitation syndrome with the so-called
Kent fiber being the accessory conductive fiber. In type
A WPW syndrome, ECG recordings show a positive
delta wave in V1 and Q waves in II, III, and aVF. In type
B WPW syndrome, a negative delta wave is recorded in
V1 of the ECG. The delta wave is defined as a slow up-
slope of the R in the widened QRS complex. The PQ in-
terval is below 0.12 s. WPW syndrome is potentially
life-threatening, because an atrial fibrillation with the
fast conducting accessory Kent fiber may lead to ven-
tricular tachycardia or ventricular fibrillation. For
treatment, a short trial of vagal stimulation may be at-
tempted initially by the Valsalva maneuver or massage
of the carotid sinus. On failure, the antiarrhythmic
ajmalin 50 mg is administered by slow intravenous
injection under ECG monitoring. As an alternative,
amiodarone, procainamide, or flecainide should be
considered.

It should be noted that patients with accessory path-
ways may also develop atrial fibrillation. These patients
are at increased risk for developing ventricular fibrilla-
tion when treated with classic AV-nodal blocking
agents (digitalis, calcium channel blockers, beta-block-
ers, adenosine), because these agents reduce the acces-
sory bundle refractory period.

) A type of paroxysmal supraventricular tachyar-
rhythmia (PSVT) without preexcitation is the AV
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node reentry tachycardia. In two-thirds of patients, it
is caused by a congenital defect of the cardiac con-
ductive system, in one-third of patients, it is caused
by a prolapse of the mitral valve, hyperthyroidosis,
or other cardiac diseases. The ECG trace shows a
heart rate of 180–200 beats/min, small QRS com-
plexes, and a missing P wave. The symptomatic ther-
apy consists of adenosine (6 mg bolus, after 3 min
12 mg bolus), verapamil (5 mg slow intravenous in-
jection over 10 min), or overdrive pacing in circula-
tory stable patients. In unstable patients with a threat
of cardiogenic shock, an electroconversion is indi-
cated with initially 200 J, on failure with higher ener-
gy of 360 J. If the patient is conscious, a short-acting
hypnotic such as etomidate or propofol should be
used for sedation during the electroconversion.
Causal therapy is high-frequency catheter ablation.
) Atrial fibrillation (AF) is the most common type of

supraventricular tachyarrhythmia. The prevalence
is about 0.5% of the adult population, but at age
greater than 60 years, the prevalence is 4%. The eti-
ology is primary or idiopathic in patients without
cardiac disease or secondary due to a cardiac dis-
ease such as mitral valve disease, coronary heart
disease, or due to extracardial causes such as arteri-
al hypertension or alcohol-toxic effects on the heart
(“holiday-heart”). The irregular conduction in the
AV node leads to a tachyarrhythmia of the ventri-
cles with frequencies of 100–150 beats/min. Treat-
ment strategies include frequency control, conver-
sion into sinus rhythm, and prophylaxis of recur-
rence. The frequency control is achieved by admin-
istering digitalis and verapamil (calcium channel
blocker). ECG-triggered cardioversion is performed
under short sedation with an initial energy of 100 J.
It may be advisable to first establish a therapeutic
level of an antiarrhythmic agent that maintains si-
nus rhythm (i.e., amiodarone, procainamide) in or-
der to minimize the risk of SVT recurrence follow-
ing electrical cardioversion. It is important to anti-
coagulate the patient before the cardioversion, if
the AF persists longer than 48 h because intracardi-
ac thrombi may have been formed. Thrombi forma-
tion can be checked by TTE (transthoracic echocar-
diography) or by TEE (transesophageal echocardi-
ography). As an alternative, a drug-induced chemi-
cal cardioversion may be considered.

For intraoperative and postoperative patients develop-
ing new-onset AF who are stable and rate-controlled,
pharmacological cardioversion of SVT is questionable.
The 24-h rate of spontaneous conversion to sinus
rhythm exceeds 50% and many patients who develop
SVT under anesthesia will remit spontaneously before
or during emergence. Moreover, the antiarrhythmic
agents with long-term activity against atrial arrhyth-

mias have limited efficacy when used for rapid phar-
macologic cardioversion. Improved rates have been
seen with amiodarone, but further studies have to con-
firm this because of the potential for undesirable side
effects. Finally, it should be kept in mind that in recent-
onset perioperative SVT, reversible causes should be
excluded or resolved before considering pharmacologi-
cal antiarrhythmic therapies.

3.1.2.3
Ventricular Tachyarrhythmias

Morphology (monomorphic vs polymorphic) and du-
ration (sustained vs nonsustained) characterizes ven-
tricular arrhythmias. Nonsustained ventricular tachy-
cardia (NSVT) is defined as three or more premature
ventricular contractions that occur at a rate exceeding
100 beats/min and last 30 s or less without hemody-
namic compromise. The origin of ventricular prema-
ture beats is below the bifurcation of the HIS fibers.
Usually the sinus node is not stimulated backwards.
This leads to a compensatory pause, which is felt by the
patient as an extra beat of the heart. These arrhythmias
are routinely seen in the absence of cardiac disease and
may not require drug therapy in the perioperative peri-
od. In contrast, in patients with structural heart dis-
ease, these nonsustained rhythms do predict subse-
quent life-threatening ventricular arrhythmias. How-
ever, antiarrhythmic drug therapies in patients with
structural heart disease may worsen survival. When
nonsustained ventricular arrhythmias occur during or
after major operations, early or late mortality of pa-
tients with preserved left ventricular function is not in-
fluenced. These patients usually do not require antiar-
rhythmic drug therapy. However, as in SVT, these ar-
rhythmias may signal reversible etiologies that should
be treated. For example, potassium- and magnesium-
serum levels should be checked and elevated digitalis
levels should be excluded.

Sustained ventricular tachycardia (VT) presents as
monomorphic or polymorphic. In monomorphic VT,
the amplitude of the QRS complex remains constant,
while in polymorphic ventricular tachycardia the QRS
morphology continually changes.

Ventricular tachycardia is characterized as a regu-
lar tachycardia of 100–200 beats/min with bundle-
branch-block-like deformed, widened ventricular
complexes. The underlying etiology is idiopathic, se-
vere organic cardiac disease, intoxication of digitalis or
treatment with other antiarrhythmics, or the Brugada
syndrome (congenital mutation of the sodium chan-
nel). The underlying mechanism for monomorphic VT
is formation of a re-entry pathway, e.g., around scar tis-
sue from a healed myocardial infarction.

This is a life-threatening condition and immediate
action is required. Although lidocaine has traditionally
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been the primary drug therapy for all sustained ven-
tricular arrhythmias, i.v. amiodarone is now also rec-
ommended for treatment of perioperative-occurring
monomorphic VT.

Treatment strategies for sustained polymorphic
ventricular tachycardia depend on the duration of the
QT interval during a prior sinus rhythm. In the setting
of a prolonged QT interval (torsades de points), em-
phasis is taken at reversal of QT prolongation. In addi-
tion to QT-prolonging antiarrhythmic drugs (class IA
or III), a number of other medications used in the peri-
operative period may evoke QT prolongation and tor-
sades de points. The management of torsades de points
includes i.v. magnesium sulfate (2–4 g), repleting po-
tassium, maneuvers increasing the heart rate (atropine,
temporary atrial or ventricular pacing). Hemodynamic
collapse requires asynchronous DC countershocks.
When antiarrhythmic therapy is deemed necessary, i.v.
amiodarone may be considered, because it bears the
lowest risk of triggering torsades de points.

Unstable ventricular tachycardia and ventricular fi-
brillation are life-threatening arrhythmias in the oper-
ating room. The most important first maneuvers in pa-
tients who experience VF perioperatively are nonphar-
macological: rapid defibrillation (360 J monophasic or
200 J biphasic), and correction of reversible etiologies.
Amiodarone i.v. (300 mg) should be considered as
pharmacological intervention in addition to other
measures taken during resuscitation (Thompson and
Balser 2004).

A new therapeutic option for the treatment of VT is
the implantation of antitachycardic pacemakers. The
implantable cardioverter defibrillator (ICD) is used in
patients with increased risk of sudden cardiac death
due to ventricular fibrillation in recurrent ventricular
tachyarrhythmias or history of VF (ventricular fibrilla-
tion) with significantly impaired ventricular function.
For supraventricular tachyarrhythmia, termination of
the reentry mechanisms can be achieved by overdrive
pacing with a stimulation frequency above the tachy-

Fig. 3.2. Pathway for antiar-
rhythmic therapy. WPW
Wolff-Parkison-White syn-
drome, AF atrial fibrillation,
PSVT paroxysmal supra-
ventricular tachycardia,
VES ventricular extrasystole,
VT ventricular tachycardia.
Modified from Herold et al.
(2006)

cardic frequency, programmable electrostimulation to
terminate circulating impulses through premature im-
pulses, or atrial high-frequency stimulation for the
conversion of atrial flutter (Herold et al. 2006).

For an overview of the antiarrhythmic therapy,
please refer to Fig. 3.2.

3.1.3
Acute Heart Failure

The acute heart failure (AHF) is defined as the rapid
onset of symptoms and signs secondary to abnormal
cardiac function. It may occur with or without previous
cardiac disease. The cardiac dysfunction can be related
to systolic or diastolic dysfunction, abnormalities in
cardiac rhythm, or preload and afterload mismatch. It
is often life-threatening and requires urgent treatment.

3.1.3.1
Etiology

In the perioperative setting, AHF poses a serious threat
to the patient, because these patients have a very poor
prognosis. The 60-day mortality rate was 9.6% and the
combined rate for mortality and rehospitalization was
35.2% in the largest randomized trial to date (Cleland
et al. 2003). The most common cause of AHF in the el-
derly is coronary heart disease, whereas in the younger
population it is caused by dilatative cardiomyopathy,
arrhythmia, congenital or valvular heart disease, or
myocarditis (see Table 3.2).

3.1.3.2
Diagnosis

The diagnosis of AHF is primarily based on clinical
findings, electrocardiogram (ECG), laboratory tests,
chest x-ray, and echocardiography.

An impaired right ventricular function may be sus-
pected if prominent jugular veins are present. To a cer-
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Table 3.2. Causes and precipitating factors in acute heart failure

Decompensation of preexisting chronic heart failure (e.g.,
cardiomyopathy)

Acute coronary syndromes: myocardial infarction/unstable
angina with large extent of ischemia and ischemic dys-
function; mechanical complication of acute myocardial
infarction; right ventricular infarction

Hypertensive crisis
Acute arrhythmia (ventricular tachycardia, ventricular fi-

brillation, atrial fibrillation or flutter, other supraventric-
ular tachycardia)

Valvular regurgitation/endocarditis/rupture of chordae ten-
dineae, worsening of preexisting valvular regurgitation

Severe aortic valve stenosis
Acute severe myocarditis
Cardiac tamponade
Aortic dissection
Postpartum cardiomyopathy
Noncardiovascular precipitating factors: lack of compliance

with medical treatment, volume overload, infections,
particularly pneumonia or septicemia, severe brain in-
sult, after major surgery, reduction in renal function,
asthma, drug abuse, alcohol abuse, pheochromocytoma

High output syndromes: septicemia, thyrotoxic crisis, ane-
mia, shunt syndromes

Modified from Nieminen (2005)

tain extent, measurement of the central venous pres-
sure (CVP) allows quantification of the amount of con-
gestion. The normal range of the CVP is 4–12 cm H2O.
Caution is necessary in the interpretation of high mea-
sured values of central venous pressure in AHF, as this
may be a reflection of decreased venous compliance to-
gether with decreased right ventricular (RV) compli-
ance even in the presence of inadequate RV filling. If
the left ventricular function is impaired, wet rales in
the lung fields are present during chest auscultation.

A chest x-ray confirms the diagnosis of left ventricu-
lar failure and allows the differential diagnosis to in-
flammatory or infectious lung diseases. Additionally
the chest x-ray is used for follow-up of improvement or
unsatisfactory response to therapy.

The ECG usually shows pathologic signs in patients
with AHF. It determines the etiology of the AHF and
may indicate strain of the left or right ventricle or the
atria, acute coronary syndromes, arrhythmias, peri-
myocarditis, and preexisting conditions such as left or
right ventricular hypertrophy or dilated cardiomyopa-
thy.

The recommended laboratory test in AHF include
arterial blood gas analysis (BGA), venous oxygen satu-
ration, plasma B-type natriuretic peptide (BNP), and
standard tests such as blood count, platelet count, urea,
electrolytes, blood glucose, and creatinine phosphoki-
nase. The arterial BGA allows assessment of oxygena-
tion (paO2), adequacy of respiratory function (pCO2),
and acid–base balance (pH). Venous oxygen saturation
is determined by oxygen supply, oxygen consumption
of the body and regional circulation. It is useful as an

estimate of the total body oxygen supply–demand bal-
ance. Another useful laboratory test is the plasma BNP,
which is released from the cardiac ventricles in re-
sponse to increased wall stretch and volume overload.
The decision cut-off point is proposed as 100 pg/ml.

Echocardiography is used in AHF to evaluate the
functional and structural changes of the heart and to
assess acute coronary syndromes. Additional informa-
tion is gathered by echo-Doppler studies, which can es-
timate pulmonary artery pressures (from the tricuspid
regurgitation jet) and left ventricular preload.

Additional diagnostic procedures such as angiogra-
phy, CT scan, or scintigraphy may be indicated accord-
ing to the etiology of the AHF.

3.1.3.3
Therapy

If the diagnosis of AHF is verified, the patient must be
treated in specialized wards such as emergency units,
chest pain units, or intensive care units. The physicians
should be trained and should follow guidelines.

If immediate resuscitation is necessary, basic and
advanced life support (BLS/ALS) is applied according
to the applicable guidelines.

The patient in distress or pain requires treatment
with a sedative or analgesic agent. In this context, mor-
phine is recommended in the early stage of the treat-
ment, when a patient is admitted with severe AHF pre-
senting with the signs of restlessness and shortness of
breath (dyspnea). Additional effects of morphine in-
clude venodilation, mild arterial dilation, and reduc-
tion of the heart rate. Intravenous boluses of 3 mg
(2–5 mg) are recommended and may be repeated as
needed.

To achieve adequate tissue oxygenation, an arterial
oxygen saturation of greater than 95% is favorable. It is
important to realize that increased concentrations of
oxygen to patients without evidence of hypoxemia may
cause harm, because hyperoxemia can be associated
with reduced coronary blood flow, reduced cardiac out-
put, increased blood pressure, and increased systemic
vascular resistance. When arterial oxygen saturation is
too low, oxygen supply via a face mask with reservoir
bag is effective to increase inspiratory oxygen concen-
tration. In case of failure, ventilatory support without
endotracheal intubation is supplied as noninvasive
ventilation: continuous positive airway pressure
(CPAP) or biphasic positive airway pressure (BiPAP). If
acute respiratory failure by AHF-induced respiratory
muscle fatigue does not respond to vasodilators, oxy-
gen therapy and noninvasive ventilation, the trachea
has to be intubated and mechanical ventilation of the
lungs commenced.

During bradycardia-induced AHF, external or inter-
nal pacing restores an adequate heart rhythm. Cardiac
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arrhythmias or tachycardia can cause AHF. Since anti-
arrhythmic drugs and beta-blocking agents such as
metoprolol have negative inotropic properties, they
should be used with extreme caution in AHF. However,
in patients with acute myocardial infarction, who stabi-
lize after having developed AHF, beta-blockers should
be initiated early.

In patients with AHF and absence of hypotension
(mean blood pressure above 70 mmHg) vasodilators
are indicated. The primary pharmacologic treatment
options include nitrates such as glyceryl trinitrate or
isosorbide dinitrate, sodium nitroprusside, and the new
agent nesiritide (atrial natriuretic peptide). The nitrates
relieve pulmonary congestion without compromising
stroke volume or increasing myocardial oxygen de-
mand in acute left heart failure, particularly in patients
with acute coronary syndrome. Their effect is limited to
16–24 h primarily due to development of tolerance. So-
dium nitroprusside is indicated in patients with severe
heart failure and in patients with predominantly in-
creased afterload such as hypertensive heart failure or
acute mitral regurgitation due to ruptured papillary
muscle as a complication of severe myocardial infarc-
tion. The substance should be used cautiously, invasive
monitoring of blood pressure is usually required, and

Fig. 3.3. Flow chart for immediate goals in treatment of the patients with acute heart failure. In coronary artery disease, the pa-
tient’s mean blood pressure (mBP) should be higher to ensure coronary perfusion, mBP>70, or systolic >90 mmHg. BLS basic
life support, ALS advanced life support, CPAP continuous positive airway pressure, NIPPV noninvasive positive pressure ventila-
tion. From Nieminen et al. (2005)

toxicity of the cyanide metabolites should be taken into
account. The new drug nesiritide is a recombinant hu-
man brain peptide, which is identical to the endoge-
nous hormone produced by the ventricle (see descrip-
tion above). Nesiritide has venous, arterial, and coro-
nary vasodilatory properties, reducing preload and af-
terload and thereby increasing cardiac output without
direct inotropic effects. Calcium antagonists are con-
traindicated in AHF; ACE inhibitors are not indicated
in the early stabilization phase of patients with AHF.

If the patients show symptoms of AHF secondary to
fluid retention, diuretics are indicated. Usually loop di-
uretics such as furosemide or torasemide are adminis-
tered. Hydrochlorothiazide (HCT) or spironolactone is
added to loop diuretics in patients that are refractory to
loop diuretics alone; a concomitant alkalosis is treated
with acetazolamide. In refractory renal failure, hemo-
dialysis or hemofiltration is initiated.

If the preload is low, a fluid challenge is indicated,
but should be administered with extreme caution.

After executing all of the therapeutic steps men-
tioned above, the adequacy of cardiac output is as-
sessed by reversal of metabolic acidosis, venous oxygen
saturation, and clinical signs of adequate organ perfu-
sion. The application of catecholamines or phosphodi-
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esterase inhibitors as inotropic agents is indicated in
persistent heart failure, if tissue hypoperfusion does
not suspend under the therapy described previously;
but one must pay particular attention to these patients
as catecholamines increase the oxygen consumption of
the heart.

Dopamine incorporates dose-dependent properties
of action on the receptors: it stimulates dopamine re-
ceptors at low doses (<2 µg/kg/min), beta-adrenergic
receptors at medium doses (2–5 µg/kg/min), and alpha
receptors at high doses (>5 µg/kg/min). Dopamine
may be used as an inotropic (>2 µg/kg/min i.v.) in AHF
with hypotension. Infusion of low doses of dopamine
( e 2–3 µg/kg/min i.v.) may be used to improve renal
blood flow and diuresis in decompensated heart failure
with hypotension and low urine output. However, if no
response is seen, the therapy should be terminated, be-
cause no controlled trials regarding its long-term ef-
fects on renal function and survival have been conduct-
ed and concerns regarding its potential untoward ef-
fects on pituitary function, T cell responsiveness, gas-
trointestinal perfusion, chemoreceptor sensitivity, and
ventilation have been raised.

Dobutamine stimulates beta1 receptors and beta2
receptors in a 3 :1 ratio. The effect is a positive inotropic
and chronotropic action as well as peripheral vasodila-
tion. To increase cardiac output, dobutamine is initiat-
ed with an infusion rate of 2–3 µg/kg/min, which can
be increased up to 20 µg/kg/min. After 24–48 h, beta-
receptor tolerance decreases the effect of dobutamine.
The indication for dobutamine is evidence of peripher-
al hypoperfusion (hypotension, decreased renal func-
tion) with or without congestion or pulmonary edema
refractory to volume replacement, diuretics, and vaso-
dilators at optimal doses.

Phosphodiesterase inhibitors such as enoximone
and milrinone have a site of action distal of the beta re-
ceptors, which results in persistent inotropic, lusitro-
pic, and peripheral vasodilatory effects even in the
presence of beta-blockers. Therefore, they are pre-
ferred to dobutamine in patients with concomitant be-
ta-blocker therapy. In severe heart failure, a combina-
tion of phosphodiesterase inhibitors with epinephrine
or norepinephrine is indicated in order to provide suf-
ficient cardiac output with adequate perfusion pres-
sure.

The new substance levosimendan (calcium sensitiz-
er) has two main mechanisms of action: calcium sensi-
tization of the contractile proteins, responsible for pos-
itive inotropic action, and smooth muscle potassium
channel opening, responsible for peripheral vasodila-
tation. It is indicated in patients with symptomatic low
cardiac output heart failure secondary to cardiac sys-
tolic dysfunction without severe hypotension.

If the combined administration of inotropic sub-
stances and a fluid challenge fail to relieve the symp-

toms of AHF, a potent vasopressor such as epinephrine
is indicated. Norepinephrine may be considered in
right heart failure or in combination with phosphodi-
esterase inhibitors (Fig. 3.3) (Nieminen et al. 2005).

3.2
Deep Vein Thrombosis and Pulmonary Embolism
3.2.1
Risk Factors

Perioperative thromboembolic disease and pulmonary
embolism contribute to morbidity and mortality in
urological patients. Venous thromboembolism is a
multifactorial disease involving clinical risk factors as
well as genetic and environmental interactions. It is un-
common in the young, but after 40 years of age the inci-
dence doubles with each decade of life. Hereditary risk
factors include factor V Leiden mutation, G20210A
prothrombin gene mutation, and deficiencies in pro-
tein C, protein S, and antithrombin. Hereditary and/or
acquired risk factors are hyperhomocysteinemia and
elevated levels of factor I, VIII, and IX. Acquired risk
factors include malignancy, hospitalization/immobili-
ty, surgery, venous trauma, estrogen therapy, pregnan-
cy, and the presence of antiphospholipid antibodies.
Especially operations at the prostate activate the coagu-
lation cascade. These patients are therefore prone to
develop deep veins thrombosis and thrombosis in the
pelvic vein bearing an increased risk of pulmonary em-
bolism.

It is important to identify patients with risk factors
for venous thromboembolism and pulmonary embo-
lism and patients with contraindications for the regular
prophylaxis, because routine surveillance and screen-
ing are not cost-effective in the perioperative setting, as
they do not reduce symptomatic venous thromboem-
bolism or fatal pulmonary embolism. In most cases, it
is not necessary to initiate specific diagnostic proce-
dures to identify the exact cause of the thrombophilia,
but rather attach importance to a consequent perioper-
ative antithrombotic strategy. Therefore, prevention
using the standard protocol for prophylaxis is far more
preferable. Anticoagulants are the first choice in the
prevention of perioperative thromboembolic disease.
There are widespread differences in the use of prophy-
laxis, however, although guidelines were published re-
cently (Geerts et al. 2004).

One exception of the above-mentioned approach is a
deficiency of antithrombin or protein C, which is usual-
ly known by the patient. After a targeted evaluation, a
specific therapy with substitution of the deficient factor
might by useful (Dempfle 2005).

According to a prospective study in 99 cancer pa-
tients by Sarig et al. (2005), F.V and F.VIII are elevated
and can lead to acquired protein C resistance. These au-
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Table 3.3. Risk factors for thromboembolic complications

Hereditary Factor V Leiden mutation
G20210A prothrombin gene mutation
Protein C deficiency
Protein S deficiency
Antithrombin III deficiency

Hereditary
and/or
acquired

Hyperhomocysteinemia
Anticardiolipin antibodies
Lupus anticoagulant
Elevation of F.I or F.VIII or F.IX

Acquired Surgery requiring more than 30 min of anes-
thesia, especially cancer surgery
Malignancy
Fracture of pelvis, femur, or tibia
Age >40 years
History of venous thromboembolism
Obesity
Pregnancy or recent delivery
Estrogen therapy
Prolonged immobilization, nursing home
confinement
Cerebrovascular incident
Congestive heart failure
Permanent pacemaker, internal cardiac defi-
brillator
Chronic in-dwelling central venous catheter
Inflammatory bowel disease
Hypertension
Cigarette smoking
Long-haul air travel
Activated protein C resistance

Modified from Motsch et al. (2006)

thors assume that acquired protein C resistance can
serve as a possible risk factor for thromboembolic
complications in cancer patients, but this needs to be
further evaluated. In general, cancer is a major risk fac-
tor for developing thromboembolic complications.
Therefore from the surgeon’s point of view, it has been
raised that patients presenting with the first episode of
thromboembolic disease should always be screened for
cancer. It should always be kept in mind that patients
with prostate cancer are at increased risk for thrombo-
sis or Trousseau syndrome, which is a manifestation of
a chronic disseminated intravascular coagulopathy and
clinically presents as a migratory superficial phlebitis.
Table 3.3 summarizes the risk factors for thromboem-
bolic complications.

3.2.2
Medical History

To reveal an increased risk for thromboembolism, the
examiner should pay special attention to the following
conditions in the patient’s medical history: deep ve-
nous thrombosis, thrombophlebitis, pulmonary embo-
lism, myocardial infarction, angina pectoris, other
signs of coronary disease, cardiac arrhythmias, occlu-
sion of arterial vessels, embolic events, strokes, pro-

longed ischemic deficits, anticoagulatory therapy, un-
expected or allergic reactions to anticoagulants, immo-
bilization before surgery, influenza-like diseases, and
other conditions that initiate an acute phase reaction.
Additionally, the medical history of relatives is impor-
tant in order to detect a thrombophilic disposition: ve-
nous thromboembolism, arterial occlusion, cerebral is-
chemia, transitional neurologic deficits, and relatives
with continuous anticoagulatory medication.

3.2.3
Therapy

After careful evaluation of the individual patient, an in-
dividual assessment of the degree of risk for periopera-
tive thromboembolic complications is applied. Based
on this evaluation, the appropriate prophylaxis is se-
lected.

The basic preventive perioperative therapy against
thromboembolism consists of early mobilization and
the use of graduated elastic compression stockings.
However, the backbone of specific strategies for periop-
erative prevention of venous thromboembolism is
treatment with anticoagulants. The old drug, unfracti-
onated heparin, is characterized by serious adverse ef-
fects and by large interindividual variability necessitat-
ing close monitoring. The new anticoagulants have a
more predictable action, higher efficiency and are easi-
er to handle because they no longer require routine
monitoring, but effective antagonists are mostly lack-
ing.

Although there are widespread differences in the use
of prophylaxis, the following recommendations, which
are based on recently published guidelines can be sug-
gested. According to these guidelines (Motsch et al.
2006), low molecular weight heparins (LMWH)
e 3,400 U once daily or unfractionated heparin (UFH)

5,000 U every 8 h should be administered to general
surgery patients without any additional risk factors for
venous thromboembolism. High-risk patients should
receive LMWH >3,400 U daily. Cancer patients should
be treated as patients at high risk. Therefore, LMWH
greater than 3,400 U should be administered twice daily
and continued for 28 days. For patients with prolonged
postoperative intensive care unit treatment and with
delayed recovery, a surveillance by venous ultrasonog-
raphy should be considered, because of the high inci-
dence of venous thrombosis in patients staying in in-
tensive care units.

New agents, such as fondaparinux, idraparinux are
superior to the standard treatment in the prevention of
venous thromboembolism after high-risk major ortho-
pedic surgery and for initial treatment of patients with
venous thromboembolism. In orthopedic patients, the
risk of venous thromboembolism was reduced by ap-
proximately 55%. Although major bleeding occurred
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Table 3.4. Risk stratification and therapy recommendations in
pulmonary embolism

Risk
cate-
gory

Hemodynamic
function

Therapy recommendations

1 Stable, no right ventric-
ular dysfunction

Anticoagulation, using
LMWH (or UFH) or fon-
daparinux

2 Stable, signs of right
ventricular dysfunction

Anticoagulation, in some
cases thrombolysis

3 Shock Thrombolysis, except for
strong contraindications

4 Cardiopulmonary
resuscitation

Thrombolysis

Modified from Motsch et al. (2006)

more frequently, the incidence of critical bleeding was
comparable to patients receiving LMWH (enoxaparin).
Such superior prophylactic effects of fondaparinux
could not be confirmed in 2,297 patients undergoing
abdominal surgery when compared to dalteparin in a
double-blind study. Data for prophylaxis in major uro-
logic operations are lacking. Therefore, these new anti-
coagulants such as fondaparinux need to be evaluated
for the perioperative urologic setting.

Inferior vena cava filters are not advisable for long-
term treatment, because they pose a nidus for recurrent
thrombi, but may be considered as temporary retriev-
able filters in selected cases, when patients cannot re-
ceive anticoagulation.

If pulmonary embolism is present, the therapy is
stratified according to the severity of the disease, rang-
ing from the use of anticoagulants to thrombolysis (see
Table 3.4).

3.3
Shock
3.3.1
Intraoperative and Postoperative Hemorrhage

In the case of massive perioperative hemorrhage, the
administration/substitution of large quantities of crys-
talloid and colloid solution and blood products is re-
quired to maintain an adequate circulating volume
with a sufficient organ and tissue perfusion.

The preparation for red blood cells is usually a leu-
kocyte-depleted erythrocyte concentrate extracted
from a whole blood donation. Another product is fresh
frozen plasma (FFP), which is also extracted from a
whole blood donation. FFP needs to be warmed for
about 40 min at 37°C, until it can be used. This long de-
lay can be bridged in very urgent cases with readily
available coagulation factors such as Prothrombin fac-
tor II, Proconvertin factor VII, Christmas-Factor (fac-

tor IX), Stuart-Prower-Factor (factor X) concentrate
(PPSB), antithrombin 3 (AT III), fibrinogen, and re-
combinant factor VIIa. The third column of blood com-
ponent therapy are platelets, which are available as a
pool concentrate from four whole blood donations or
as an apheresis preparation from one donor.

Other solutions to maintain an adequate intravascu-
lar volume are colloidal solutions such as hydroxyethyl
starches, gelatin, and dextran, which remain for a lon-
ger period in the intravascular system. Crystalloid so-
lutions such as ringer’s lactate or normal saline have a
disadvantage in severe hemorrhage in that they distrib-
ute throughout the extracellular space, e.g., to fill up 1 l
of lost blood 3–4 l of crystalloid solution is needed for
replacement.

A new approach for fluid resuscitation in severe hy-
povolemic shock in emergency medicine is to combine
a hypertonic solution (e.g., 7.5% sodium chloride solu-
tion) with hyperoncotic solutions (e.g., 6% Hydroxy
ethyl starch [HES]) to mobilize the interstitial fluid to

Fig. 3.4. High-flow blood
and fluid warmer, System
1025, Level 1 (Level 1,
Inc. 2006)
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increase the intravascular volume. Since the dosage
necessary is only 3–4 ml/kg of body weight in adults,
this effective procedure is called small-volume resusci-
tation.

For the administration of fluid quantities required
per time, large-bore intravenous cannulas of the high-
est possible diameters are useful. The diameter of ap-
propriate peripheral cannulas is 14 gauge placed in the
v. basilica or v. jugularis externa or 12-Fr catheters in
the v. jugularis interna, v. subclavia, or v. femoralis.
Special high-flow infusion lines and three-way-stop
cocks should be used as well: because of the large diam-
eter they allow the high required flows for fluid resusci-
tation. Fluid warming with special devices is advisable
in order to prevent hypothermia with consecutive dete-
rioration of the coagulation system and negative cardi-
ac side effects. Pressure is applied to the infusion bags
by compressing the infusion bags with a manually or
automatically driven pressure bag. Figure 3.4 shows an
example of a high-flow blood and fluid warmer, where
up to 1,100 ml/min of fluid can be administered to the
patient.

3.3.2
Anaphylaxis

The anaphylactic reaction (AR) is defined as an imme-
diate humoral reaction due to preformed membrane-
adherent immunoglobulins IgE, which lead to the re-
lease of histamine and other mediators. Anaphylaxis is
the worst possible variant of an AR. The incidence for a
severe intraoperative AR is 1 :6,000 to 1 :28,000.

Triggers for perioperative AR include neuromuscu-
lar blocking agents (60%–70%), latex (18%), colloidal
solutions (5%), barbiturates, antibiotics, opioids,
protamine, ethylene oxide, blood transfusions, and
methylmethacrylate (bone cement). Cross reactions
such as penicillin – cephalosporin or sulfonamide –
loop diuretics should be considered, as the AR to one
substance may also implicate the AR to the other sub-
stance.

3.3.2.1
Symptoms and Treatment

The symptoms vary from a light cutaneous reaction
(degree 0) to cardiopulmonary arrest (degree 4). Symp-
toms and treatment of each stage are described below.

Degree 0 is a localized cutaneous reaction (urticar-
ia). Discontinuing of the trigger substance, reassur-
ance, and in most cases the establishment of an intrave-
nous line is indicated.

Degree 1 is a light general reaction with the following
symptoms: disseminated cutaneous reaction (flush,
pruritus, generalized urticaria), reaction of the mucous
membranes, edema (nose, conjunctivitis), and general

symptoms (cephalgia, restlessness, vomiting). The ther-
apeutic measure include discontinuation of the trigger-
ing agent, reassurance, placement of an intravenous line,
fluid resuscitation (500 ml), corticosteroids (e.g., 250 mg
prednisolone), and antihistaminics (e.g., 0.1 mg/kg
dimethindene in combination with 5 mg/kg cimetidine).

Degree 2 is a pronounced general reaction (pulmo-
nary and/or cardiovascular reaction), dysregulation of
the circulatory system (tachycardia, hypotension, ar-
rhythmias), Quincke edema, laryngeal edema, dys-
pnea, beginning bronchospasm, and urge for defeca-
tion and urination. The treatment consists of the dis-
continuation of the allergen, intubation, and mechani-
cal ventilation in good time, intravenous line and fluid
resuscitation (500–1,000 ml). Epinephrine should be
administered in boluses of 5–50 µg i.v., corticosteroids
and antihistaminics should be administered as de-
scribed above, and bronchospasmolytics be adminis-
tered as needed (inhalative beta-2-mimetics such as
terbutaline, fenoterol, salbutamol, and intravenous
theophylline 5 mg/kg i.v.).

Degree 3 is characterized by a general reaction with
shock, bronchospasm, and unconsciousness. In addi-
tion to the measures taken in degree 2 anaphylactic
reactions, mechanical ventilation should be pro-
vided with 100% oxygen, fluid resuscitation with
1,000–2,000 ml crystalloid and colloid solution, epi-
nephrine (initial bolus 5–100 µg, followed by continu-
ous infusion starting with 0.01 µg/kg/min effect-ad-
justed, dopamine infusion (3–7 µg/kg/min), predniso-
lone 500–1,000 mg i.v., and vasopressors (Caffedrine/
theoadrenalin, etilefrine, or norepinephrine).

Degree 4 is a failure of vital organs resulting in car-
diorespiratory arrest. Immediate basic and advanced
life support must be initiated. In addition to the mea-
sures taken in degree 3 anaphylaxis, fluid resuscitation
exceeding the amount of 2,000–3,000 ml and norepi-
nephrine in boluses of 10–50 µg i.v. must be given
(Heck and Fresenius 2004).

3.4
Sepsis
3.4.1
Definitions

3.4.1.1
Systemic Inflammatory Response Syndrome

If a patient presents with at least two of the criteria listed
in Table 3.5, but lacks evidence for infection, the condi-
tions for a systemic inflammatory response syndrome
(SIRS) are met. The SIRS is the uniform answer of the
body to a variety of diseases such as pancreatitis, major
operation, severe trauma, or ischemia. Additionally a
drop in the platelet count and the antithrombin-III lev-
els (AT-III) is usually seen (Fresenius and Heck 2001).
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Table 3.5. Definition of the systemic inflammatory response
syndrome

Temperature >38°C or <36°C
Tachycardia >90 beats/min
Respiratory insufficiency (at least one of the following three
criteria)

Respiratory frequency >20/min
Hyperventilation paCO2 <32 mmHg (with spontaneous

respiration)
paO2 <70 mmHg (during spontaneous respiration) or

paO2/FIO2 <175 (during mechanical ventilation with
absence of pulmonary disease)

WBC >12,000/µl or <4,000/µl or >10% immature bands

For the diagnosis of SIRS at least two criteria have to be met
From AACP/SCCM (1992); WBC white blood cell count

3.4.1.2
Sepsis

If the source of an infection can be located and the SIRS
criteria are present, the definition of sepsis is met. The
incidence of sepsis is five per 1,000 inpatients; the
28-day mortality varies between 25% and 35%, in
severe sepsis up to 60%.

The definition for severe sepsis includes the stan-
dard sepsis criteria in conjunction with signs of organ
dysfunction, hypoperfusion, or sepsis-induced hypo-
tension, which present as lactate acidosis, oliguria, en-
cephalopathy, or thrombocytopenia.

A septic shock is the combination of sepsis with ar-
terial hypotension, defined as arterial blood pressure
below 90 mmHg (or a decrease of more than 40 mmHg
from the baseline value for more than 1 h) despite ade-
quate fluid resuscitation. It is accompanied by de-
creased perfusion or dysfunction of the organs.

3.4.2
Standard Therapy for Sepsis

The standard therapy for sepsis consists of the follow-
ing:

) Identification and verification of the origin of the
sepsis and removal of this focus (surgery and/or
anti-infectious therapy)
) Accompanying antimicrobiologic treatment, ini-

tially as broad calculated antibiotic therapy using a
combination of two or more antibiotics according
to the CID (Centre of Infectious Disease) guide-
lines, after antibiogram testing-specific deescala-
ting antibiotic treatment
) Optimization of organ perfusion and oxygen deliv-

ery with catecholamines
) Early mechanical ventilation
) Transfusion of red blood cells until the hematocrit

reaches 30%
) Volume resuscitation with crystalloid or colloid

solutions

) Decreasing peripheral oxygen consumption by
lowering of body temperature, analgesia, and
sedation
) Early enteral nutrition

3.4.3
Early Goal-Directed Therapy for Sepsis

In 2001 Rivers et al. (2001) presented a new treatment
strategy for sepsis that reduced the in-hospital mortali-
ty from 46.5% to 30.5% when compared to standard
treatment with the so called early goal-directed therapy
(EGDT). Patients were included in this study if they met
the SIRS criteria and showed signs of global tissue hyp-
oxia, which was defined by a systolic pressure of
90 mmHg or below or a lactate level of 4 mmol/l or
higher.

After assessment and consent, the patients were ran-
domized either to the standard therapy group or the
EGDT group. In both groups, treatment was com-
menced in the emergency room; after at least 6 h the
patients were transferred to an intensive care unit,
where the consecutive treatment did not differ between
groups and where the intensivists were blinded to the
initial treatment group assignments. In both groups,
the central venous pressure (CVP) was kept at or above
8–12 mmHg with boluses of 500 ml crystalloid solu-
tions every 30 min, the mean arterial pressure (MAP)
monitored with an arterial cannula was kept at or above
65 mmHg with vasoactive agents and the urine output
was kept at or above 0.5 ml/kg/h.

The particular feature of the EGDT was to install
continuous central venous oxygen saturation monitor-
ing (ScvO2), which was achieved by inserting a special-
ized central venous catheter and monitoring system
(Edwards Lifesciences, Irvine, CA, USA). ScvO2 has
been shown to be a surrogate for the cardiac index as a
target for hemodynamic therapy. If ScvO2 was below
70%, transfusion of red cells was begun until the he-
matocrit reached 30%. If ScvO2 was still below 70% in-
fusion of dobutamine began. Dobutamine was started
at a dose of 2.5 µg/kg/min that was increased by 2.5 µg/
kg/min every 30 min until ScvO2 reached 70% or a
maximum dose of 20 µg/kg/min was given. Dobutami-
ne was decreased in dose or discontinued if the mean
arterial pressure was less than 65 mmHg or if the heart
rate was above 120 beats per minute. To decrease oxy-
gen consumption, patients in whom hemodynamic op-
timization could not be achieved received mechanical
ventilation and sedatives (see Fig. 3.5).

3.4.4
Heidelberg Sepsis Pathway

See Fig. 3.6 for the Heidelberg sepsis pathway.
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Fig. 3.5. Protocol for early
goal directed therapy for
sepsis. CVP central venous
pressure, MAP mean arterial
pressure, ScvO2 central ve-
nous oxygen saturation.
From Edwards Lifesciences
(2006)

˜

Fig. 3.6. Heidelberg sepsis pathway. CVP central venous pres-
sure, MAP mean arterial pressure, ScvO2 central venous oxy-
gen saturation. Modified from Nieminen et al. (2005)

3.5
Intensive Care Procedures
3.5.1
Analgosedation

The use of analgetics and sedatives for the treatment of
pain, anxiety, and agitation is a daily challenge in the
intensive care environment. It is usually needed for the
mechanically ventilated patient. To achieve a sufficient
level of patient shielding while minimizing side effects
and a short and cost-effective weaning period, the algo-
rithm for analgosedation (AS) is an important task for
the clinician. Emphasis should be placed on the conse-
quent and correct implementation of a concept while
the details of the concept are not as important. Another
key aspect is the regular documentation of the indica-
tion for continuing AS, the definition of a therapeutic
goal, the assessment of the patient’s degree of agitation
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and pain, and finally the adjustments in the drug thera-
py. If the underlying diseases permit, a regular daily
suspension of the AS is advisable to evaluate the patient
neurologically and discover a prolonged effect of the
AS (Martin et al. 2005).

There are manifold causes of pain in the intensive
care environment: preexisting disease, invasive proce-
dures, trauma, monitoring and therapeutic devices
(such as catheters, drains, noninvasive ventilating de-
vices, endotracheal tubes), routine nursing care (air-
way suctioning, physical therapy, dressing changes, pa-
tient mobilization), and prolonged immobility. Unre-
lieved pain leads to inadequate sleep, causing exhaus-
tion, disorientation, agitation, stress response (tachy-
cardia, increased myocardial oxygen consumption, hy-
percoagulability, immunosuppression, persistent ca-
tabolism), pulmonary dysfunction through localized
guarding of muscles around the area of pain and a gen-
eralized muscle rigidity or spasm that restricts move-
ment of the chest wall and diaphragm.

The causes for anxiety in the intensive care unit can
be secondary to an inability to communicate due to
continuous noise (alarms, personnel, and equipment),
continuous ambiguous lighting, excessive stimulation
(inadequate analgesia, frequent measurements of vital
signs, repositioning, lack of mobility, room tempera-
ture, sleep deprivation, and the underlying disease that
led to ICU admission. Causes for agitation include ex-
treme anxiety, delirium, adverse drug effects, and pain.
If agitation is present, it is important to identify and
treat any underlying physiological disturbances: hyp-
oxemia, hypoglycemia, hypotension, pain, withdrawal
from alcohol, and other drug effects. Special attention
should be paid to the treatment of agitation, because it
can pose a serious threat to patients by contributing to
ventilator dyssynchrony, increase in oxygen consump-
tion, or inadvertent removal of devices and catheters
(Jacobi et al. 2002).

3.5.1.1
Algorithm

Before the start of analgosedation, it is important to as-
sess the indication and define a therapeutic goal. Today
the patients in the intensive care unit should react ade-
quately to verbal stimulation, perceive their environ-
ment, communicate their needs, and tolerate the diag-
nostic and therapeutic measures.

The next step is to assess the degree of agitation and
pain. A good approach is the concept by Martin and
Messelken (1998), which implements the Richmond
Agitation-Sedation Scale (RASS) (Sessler et al. 2002) at
the outset and continues depending on the RASS score
with an adequate pain score. For the unresponsive to
lightly sedated patient, the behavioral pain scale (BPS)
by Payen et al. (2001) is applicable, for the sleepy to

Fig. 3.7. Algorithm of analgosedation. Assembled from Jacobi
et al. (2002); Martin et al. (2005); Martin and Messelken (1998)

restless patient the numeric rating scale (NRS: 0=no
pain to 10=highest pain possible) assessed by the pa-
tient himself is applicable, and for the agitated to fight-
ing patient the NRS rated by a medical professional
(physician or nurse) is applicable. For details of the as-
sessment of agitation and pain, please refer to Ta-
bles 3.6 and 3.7.

The last step is to schedule the duration of the AS
and choose the appropriate drug accordingly. The Se-
SAM concept (Martin and Messelken 1998) provides
four duration categories: up to 24 h, up to 72 h, more
than 72 h, and ultrashort analgosedation (e.g., for
short painful diagnostic procedures). The drugs were
chosen such that the length of the context-sensitive
half-life meets the requirements of the duration of AS
needed and prolonged action is unlikely. For dosages
of the drugs, please refer to Tables 3.8 and 3.9. Co-med-
ication such as nonopioids should be considered to
support the AS in an additive way, but strict adherence
to the contraindications of these drugs is mandatory.
Another therapeutic option is continuous regional an-
esthetic techniques such as epidural catheter analgesia
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Table 3.6. Richmond agitation-sedation scale (RASS)

Score Term Description Procedure

+4 Com-
bative

Overtly combative or violent; immediate dan-
ger to staff

+3 Very
agitated

Pulls on or removes tube(s) or catheter(s) or has
aggressive behavior toward staff

+2 Agitated Frequent nonpurposeful movement or patient–
ventilator dyssynchrony

+1 Restless Anxious or apprehensive but movements not
aggressive or vigorous

0 Alert and
calm

–1 Drowsy Not fully awake, but has sustained (more than
10 s) awakening, with eye contact, to voice

–2 Light
sedation

Briefly (less than 10 s) awakens with eye con-
tact to voice

–3 Moderate
sedation

Any movement (but not eye contact) to voice

–4 Deep
sedation

No response to voice, but any movement to
physical stimulation

–5 Unarou-
sable

No response to voice or physical stimulation

1. Observe patient. Is patient alert and calm (score 0)?
Does patient have behavior that is consistent with
restlessness or agitation (score +1 to +4 using the
criteria listed above, under “description”)?

2. If patient is not alert, in a loud speaking voice state
patient’s name and direct patient to open eyes and
look at speaker. Repeat once if necessary. Can
prompt patient to continue looking at speaker.
Patient has eye opening and eye contact, which is
sustained for more than 10 s (score –1).
Patient has eye opening and eye contact, but this is
not sustained for 10 seconds (score –2).
Patient has any movement in response to voice,
excluding eye contact (score –3).

3. If patient does not respond to voice, physically
stimulate patient by shaking shoulder and then
rubbing sternum if there is no response to shaking
shoulder.
Patient has any movement to physical stimulation
(score –4).
Patient has no response to voice or physical stimu-
lation (score –5).

From Sessler et al. (2002)

Table 3.7. Behavioral pain scale (BPS)

Item Description Score

Facial
expression

Relaxed 1
Partially tightened (e.g., brow lowering) 2
Fully tightened (e.g., eyelid closing) 3
Grimacing 4

Upper
limbs

No movement 1
Partially bent 2
Fully bent with finger flexion 3
Permanently retracted 4

Compliance
with
ventilation

Tolerating movement 1
Coughing but tolerating ventilation
most of the time

2

Fighting ventilator 3
Unable to control ventilation 4

From Payen et al. (2001)

Table 3.8. Drugs for analgesia, sedation and vegetative attenuation. On usage of Ketamin-S cut dosages in half. All dosages refer
to a middle aged adult of 60–80 kg.

Drug Loading
(mg/50 ml)

Dosage
[mg(µg)/kg/h]

Application
speed (ml/h)

Metabolism Active
metabolites

Daily
costs
(Germany)Low High Low High

Propofol 2% 1,000 0.8 mg 4 mg 3.0 14 Oxidation No +++
Midazolam 90 0.01 mg 0.18 mg 0.5 6.9 Oxidation Yes (prolonged sedation) ++
Remifentanil 5 1.5 µg 18 µg 1 12 Serum esterase No +++
Fentanyl 1.5 0.9 µg 3.5 µg 2.0 8.0 Oxidation No Accumulation +
Sufentanil 0.5 0.15 µg 0.7 µg 2.0 10.0 Oxidation No ++
Ketamine 2,500 0.4 mg 3.0 mg 0.6 4.0 Glucuronidized Yes +++
Clonidine 2.25 0.32 µg 1.3 µg 0.6 2.0 Hydroxylized No +

Modified from Martin et al. (2005)

or continuous femoral nerve block. With the use of re-
gional anesthesia techniques, a dose reduction of opi-
oids and their side effects can be achieved. Spinal-ap-
plied local anesthetics provide sympathicolysis with
improved bowel function and less postoperative ileus.
A drawback of the continuous regional anesthesia
techniques is the risk of infection at the puncture site
and the risk of spinal hematoma formation, when a
hypocoagulatory state is caused by disease or treat-
ment with antithrombotic agents (therapeutic antico-
agulation).
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Table 3.9. Co-medication to
analgosedation.

Drug Dosage Terminal
half-life

Metabolism Active
meta-
bolites

Cost per
applica-
tion

Piritramide 3.75–15 mg i.v. 4–10h Oxidation No ++

Pethidine 12.5–50 mg i.v. 3–12h Demethyl. No ++

Paracetamol 4 × 1 g i.v./day 2.7–3.5h Conjugation No ++

Metamizol 1.0–2.5 g short infusion,
max 5 g/day

2.7–11.5h Hydroxyliz. Yes ++

Diclofenac 50–100 mg supp, max
150–200 mg/day

1–2h Hydroxy-
liz.+Conju-
gation

No +

CEA Ropivacaine 0.2%
10–20 mg/h,

3h Hydroxyliz No +++

or in combination with an
opioid (sufentanil or fenta-
nyl)
Or 15 ml bupivacaine 0.25%
3–4/day

1.5–5.5h +

Block of
femoral
nerve

Ropivacaine 0.2% 20–30 ml
Or bupivacaine 0.25%
20–30 ml

Please be aware of contrain-
dications
Modified from Martin et al.
(2005)
CEA continuous epidural an-
esthesia

3.5.1.2
Assessment of Agitation and Pain

See Tables 3.6 and 3.7 for the assessment of agitation
and pain.

At regular intervals (e.g., once every 8-h shift), the
algorithm for assessing sedation, pain, and agitation
should be followed again.

3.5.1.3
Drug Adjustment

See Tables 3.8 and 3.9.

3.5.2
Monitoring
3.5.2.1
Transesophageal Echocardiography

Transesophageal echocardiography (TEE) enables the
experienced examiner to evaluate online the morphol-
ogy of the anatomic structures of the heart and the
large vessels, contractility of the ventricles, and blood
flow.

The ACC/AHA/ASE 2003 guidelines (Cheitlin et al.
2003) state the following indication for an intraoperati-
ve TEE. Only the indications that apply to the urologic
environment are stated:

) Class I (evidence or general agreement that a given
procedure or treatment is useful and effective):
evaluation of acute, persistent, and life-threatening
hemodynamic disturbances in which ventricular

function and its determinants are uncertain and
have not responded to treatment.
) Class IIa (weight of evidence/opinion is in favor of

usefulness/efficacy): surgical procedures in pa-
tients at increased risk of myocardial ischemia,
myocardial infarction, or hemodynamic distur-
bances.

3.5.2.2
PiCCO

With the PiCCO-system, cardiac output, the stroke vol-
ume index, the heart rate, the mean arterial pressure,
the systemic vascular resistance, stroke volume varia-
tion (indicator of volume deficit), and left ventricular
contractility can be measured continuously with a rela-
tively noninvasive device. First a special arterial cathe-
ter must be placed in a large arteria (e.g., the femoral
artery). This catheter has two functions: it has a trans-
ducer to measure the arterial pressure and a thermistor
for the registration of changes in blood temperature for
calibration. Second, a regular central venous catheter is
needed to calibrate the system. After the setup, it
should be calibrated at regular intervals (e.g., every
8 h), and changes in central venous pressure should be
entered into the monitor to allow calculation of addi-
tional parameters. Please refer to Fig. 3.8 for the config-
uration of the PiCCO-system, to Table 3.10 for the over-
view of the complete parameters of the PiCCO-system,
and to Fig. 3.9 for the decision tree and the therapeutic
suggestions.
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Fig. 3.8. Configuration of the
PiCCO-System (Pulsion
Technology 2006)

Table 3.10. Parameters and normal values of the PiCCO system

Category Parameter Abbr. Value Unit

Flow/afterload Cardiac Index CI 3.0–5.0 l/min/m2

Stroke Volume Index SVI 40–60 ml/m2

Heart rate HR 60–100 1/min
Mean arterial pressure MAP 70–90 mmHg
Systemic Vascular Resistance Index SVRI 1700–2,400 dyn*s*cm–5m2

Volume management Global End-Diastolic Volume Index GEDI 680–800 ml/m2

Intrathoracic Blood Volume Index ITBI 850–1,000 ml/m2

Stroke volume variation SVV e 10 %
Pulse pressure variation PPV e 10 %

Lungs Extravascular Lung Water Index ELWI 3.0–7.0 ml/kg
Pulmonary Vascular Permeability Index PVPI 1.0–3.0

Contractility Global ejection fraction GEF 25–35 %
Cardiac Function Index CFI 4.5–6.5 1/min
Left ventricular contractility dP/mx

Continuous parameters/discontinuous parameters
Modified from Pulsion Technology (2006)
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Fig. 3.9. PiCCO Decision Tree
(Pulsion Technology 2006)

3.6
Intraoperative and Postoperative Procedures
3.6.1
TUR Syndrome

Many endoscopic procedures such as the transurethral
resection of the prostate or bladder, operative hysteros-
copies, cystoscopy, arthroscopy, rectal tumor surgery,
vesical ultrasonic lithotripsy, or percutaneous nephro-
lithotripsy require the use of an irrigation fluid. If
monopolar electrocauterization is necessary, the irri-
gation fluid must not contain any electrolytes. Acciden-
tal resorption of the irrigation fluid can therefore cause
the so-called TUR syndrome, which poses a serious
threat to the patient. The consequences for the patient
depend on the rate, volume, and nature of the absorbed
fluid. Possible symptoms are chest pain, bradycardia,
hypertension, hypotension with drops over 50 mmHg,
poor urine output up to anuria despite diuretics,
blurred vision to transient blindness, nausea, vomiting,
uneasiness, confusion, tiredness, unconsciousness
needing ventilatory support, and headache.

Traditional countermeasures to prevent TUR syn-
drome are limitation of the resection time, limiting the
height of the bag containing the irrigating fluid to the
maximum of 1 m above the patient, and inserting a su-
prapubic catheter. Early discovery of TUR syndrome is
possible in patients under regional anesthesia by recog-
nizing the symptoms described above. To quantify the
amount of absorbed irrigation fluid, the latter must be
mixed with a known quantity of ethanol. By measuring
the exhaled ethanol concentration with an apparatus
called Alcotest, absorption of irrigation fluid is detect-
ed and quantified.

Modern strategies to prevent TUR syndrome ex-
change the electrolyte-free irrigation solutions causing
a hypotonic hyperhydration, hemolysis, hyponatremia,

and specific symptoms of the other ingredients of the
irrigation fluid (glycine, mannitol, sorbitol) for a nor-
mal saline solution. Closing vessels opened during re-
section when using electrolyte-containing irrigation
solution is possible with bipolar cauterization or laser-
evaporation or other techniques. In this case, absorp-
tion of irrigating fluid causes a normotonic hyperhy-
dration, which is less dangerous (Hahn 2006).

3.6.2
Prevention of Postoperative Nausea and Vomiting

Postoperative nausea and vomiting (PONV) is the sec-
ond most common postanesthetic complication after
pain, the most distressing for the patient. The overall
incidence of PONV for all surgeries and patient popula-
tions varies between 25% and 30%, in high-risk groups
PONV occurs in up to 70% of all cases (Ho and Chiu
2005).

PONV is usually self-limiting and not associated
with severe consecutive complications, but the pa-
tients’ assessment classifies the prevention and treat-
ment of PONV as important as pain (Apfel and Roewer
2004). Complications of PONV such as tension on su-
ture lines, wound bleeding and dehiscence, increased
intracranial pressure, pulmonary aspiration, dehydra-
tion, and electrolyte imbalance pose a threat to the pa-
tient and result in consecutive costs.

The pathophysiology of PONV still remains unclear,
with the exception of the chemotherapy- or opioid-in-
duced vomiting despite the identification of many ana-
tomical and histological structures and the intercon-
nections involved in the PONV process. The vomiting
center in the brainstem receives stimuli from vagal af-
ferents of the gastrointestinal tract (particularly seroto-
ninergic), the vestibular system (particularly histamin-
ergic), the chemoreceptor trigger zone (particularly
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dopaminergic), and is connected to higher cerebral re-
gions that are responsible for the perception of nausea
and dizziness. The conclusions of the above-mentioned
pathophysiological facts are: the multifactorial nature
of PONV may necessitate combination therapy for pro-
phylaxis and treatment. Vomiting is not an escalation
of nausea, because vomiting is a vegetative reflex pat-
tern, which can be triggered even without nausea,
while cortical consciousness is a prerequisite of nausea.

3.6.2.1
Risk Factors for PONV

To adapt the therapeutic and prophylactic measures to
the risk of PONV, it is essential to identify the risk fac-
tors with their correlated relevance and deduct an algo-
rithm for the optimal and cost-effective measures to be
taken. The clinically relevant patient-specific risk fac-
tors are:

) Female gender increases the risk of PONV three-
fold.
) Non-smoking increases the risk twofold.
) A history of former PONV or motion-sickness

increases the risk.
) An age older than 5 years increases the risk.

The validated and clinically relevant anesthesiologic
risk factors are:

) Use of volatile anesthetics (dependent on dosage)
increases the risk of PONV compared to total in-
travenous anesthesia (TIVA).
) The use of nitrous oxide.
) The administration of postoperative opioids.
) The use of antagonists of nondepolarizing muscle

relaxants (e.g., more than 2.5 mg neostigmine) also
increases the risk.

There exists controversy over whether the type of sur-
gery influences the rate of PONV in adults, because
some studies have shown significant results, while oth-
ers demonstrated no significance on the same type of
surgeries. There is one study from Stadler et al. (2003)
where the type of surgery was correlated with the inci-
dence of nausea but not with the incidence of vomiting.
In children, it was proved that the surgical technique
can be related to the risk of PONV, e.g., in strabismus
operations (Ruesch et al. 1999). Obesity, menstruation
cycle, anxiety, or personality can definitely be ruled out
as risk factors. Table 3.11 summarizes the degree of rel-
evance and certainty of risk factors for PONV.

3.6.2.2
Antiemetic Strategy

A number of complicated scores and strategies taking
the type of surgery into account exist to adapt the pro-

phylaxis for PONV to the needs of the patient, while
Apfel’s simplified risk score (Apfel et al. 1999) with the
four items

) Female gender
) Non-smoking status
) History of motion sickness or PONV
) Use of postoperative opioids

predicts PONV with the same reliability of about 70%.
Concerning the latter, the number of risk factors (0, 1,
2, 3, or 4) correlates with a PONV risk of 10%, 20%,
40%, 60%, or 80% (see Fig. 3.10). The following limita-
tions must be taken into account: The simplified risk
score only applies to balanced anesthesia techniques in
adults. It is unclear whether it yields reproducible re-
sults in outpatients.

Table 3.11. Risk factors for PONV, classified by evidence and
clinical relevance

Evidence demonstrat-
ed and clinically
relevant

) ) ) Female gender
) ) Non-smoking status
) ) Medical history for PONV or
motion sickness
) ) ) General anesthesia
) ) Volatile anesthetics
) ) Duration of anesthesia
) ) Postoperative opioids

Evidence demonstrat-
ed, but not as clinical-
ly significant

) Young age and ASA status 1 or 2
) Nitrous oxide
) Neostigmine, Pyridostigmine

Controversial data Type of surgery
Experience of anesthesiologist
Routine use of gastric tube

Insufficient data Pain
Movements

Refuted Obese patients (body mass index)
Menstruation cycle
Anxiety and personality

Modified from Apfel and Roewer (2004)
) Moderate, ) ) strong, ) ) ) very strong

Fig. 3.10. Risk-adapted strategy for prophylaxis and therapy of
PONV. modified from Apfel and Rozwer (2004)
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In patients with none or only one risk factor, no pro-
phylactic PONV therapy is required. If there are two
risk factors, it is advisable to administer dexametha-
sone 4 mg i.v. or use total-intravenous anesthesia (TI-
VA) prophylactically. In TIVA, the induction and main-
tenance of the general anesthesia is achieved with in-
travenous agents, most commonly with propofol. Vola-
tile anesthetics such as isoflurane, desflurane, sevoflu-
rane, and nitrous oxide should be omitted. In patients
with three or four risk factors for PONV, the combina-
tion of TIVA, dexamethasone prophylaxis, and option-
ally a second antiemetic drug is advisable.

To avoid the risk factors of volatile anesthetics and
opioids, regional anesthetic techniques should be con-
sidered in patients at risk for PONV.

Every first-time vomiting or moderate nausea
should be treated immediately. The dosage is approxi-
mately one-quarter of the antiemetic dosage needed for
prophylaxis. Since it takes a few hours until the maxi-
mum antiemetic effect of dexamethasone is estab-
lished, the use of a 5-HT3-antagonist (e.g., ondansetron
1 mg i.v. or dolasetron 12.5 mg i.v.) or dimenhydrinate
32 mg i.v. is recommended. There is consensus on the
fact that the next dose of an antiemetic drug should not
be given in less than 6 h.

3.6.2.3
Antiemetic Drugs

Dexamethasone is proposed as a first-line antiemetic
drug because it is effective and inexpensive, and it
yields a low rate of side effects, although the antiemetic
mechanism is unknown. Because of its delayed onset,
dexamethasone should be given at the beginning of an-
esthesia.

Dimenhydrinate is an unspecific antagonist at the
histamine-type 1 receptor with an antiemetic effect
comparable to the other drugs mentioned. It should be

Table 3.12. Standard intravenous dosages of antiemetics (pediatric dosage should not exceed adult dosage), modified from (1)

Substance Point of
action

Adult prophylaxis Adult therapy Pediatric prophylaxis

Ondansetron 5-HT3 4 mg 1 mgb,c to 4 mga,b 50 µg/kgb,c to 100 µg/kg
Tropisetron 5-HT3 2 mg 1 mgc to 2 mga 100–200 µg/kgb,c

Dolasetron 5-HT3 12.5 mga–c to 50 mgb,c 12.5 mg 350 µg/kgc

Granisetron 5-HT3 0.35–1 mgb,c, 3 mga 0.1–0.3 mgc, 3 mga 10–20 µg/kgc, 40 µg/kg (>2years)a

Dexamethasone Unsettled 4–5 mg earlyb,c, Not recommendedc 150 µg/kga–c to 500 µg/kg(>2 years)a

8–20 mg preopa 8–20 mga

Dimenhydrinate H1 62a–c to 124 mga 32 mgc, 62–124 mga 500 µg/kgb,c to 1.25 mg/kga

Droperidol D2 0.625–1.25 mgb,c 0.625 mgb,c 50–75 µg/kgb,c

Metoclopramide Not recommended due to insufficient antiemetic effect

Modified from Apfel and Roewer (2004)
5-HT3 antagonist at 5-hydroxytryptamine (serotonin)-3 receptor, H1 antagonist at histamin-1-receptor, D2 antagonist at dopa-
min-2 receptor
a Scientific information
b Proved by studies
c Expert opinion

used intravenously, since the amount of rectal absorp-
tion is uncertain.

Serotonin antagonists like ondansetron, tropisetron,
dolasetron, or granisetron block the vagally mediated
action of serotonin on the 5-hydroxytryptamin-type-3
receptor (5-HT3). The most common side effect is a
mild headache; they do not have any sedating or extra-
pyramidal potential. All serotonin antagonists are be-
lieved to demonstrate an equivalent antiemetic effect.

Droperidol is a highly potent neuroleptic drug act-
ing as an antagonist at the dopamin-type-2 receptor.
Because of the short duration of action, it is recom-
mended to administer the drug at the end of surgery.
The Food and Drug Administration (FDA) in the US
has issued a black-box warning for the substance due to
QT-interval prolongation resulting in fatal arrhythmo-
genic complications (prolonging of the QT interval in
the electrocardiogram, torsades de points, tachycardia,
bradycardia).

Metoclopramide was used by clinicians for decades,
but an insufficient antiemetic effect was demonstrated
by Henzi et al. (1999).

For an overview of antiemetic drugs and recommen-
dations on dosages, please refer to Table 3.12.

3.7
Perioperative Management of Jehovah’s
Witnesses

Jehovah’s Witnesses refuse to consent to transfusions of
whole blood, red cells, plasma, platelets, white cells,
and predonated autologous blood due to their religious
beliefs. It is a matter of individual conscience whether
Jehovah’s Witnesses allow fractions derived from any
primary component of blood (e.g., anti-D), medical
procedures involving the use of autologous blood that
do not involve storage (e.g., intraoperative cell salvage),
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or organ transplant. Nevertheless, Jehovah’s Witnesses
request all other kinds of medical treatment to save
their lives.

3.7.1
Legal Issues

Patient management depends on the laws of the coun-
try; e.g., in the United States, it is the right of a compe-
tent adult to refuse transfusion even though the result
of such a refusal may be death of the individual.

The perioperative strategy seems to be quite easy if
the patient can express his or her wish not to receive
any blood or blood products in an elective setting. The
key conditions for a legal informed consent are “com-
petency” and “adulthood”. There should be a high
grade of suspicion concerning competency if the pa-
tient has abnormal or unstable vital signs, altered men-
tal status, evidence of impaired judgment as from a
central nervous system injury or illness, or any sign of
alcohol or drug intoxication. In regard to the definition
of a minor, individuals are generally considered too
young to make a decision for themselves if they are un-
der the age of 18; however, exceptions can be made for
self-sufficient minors and emancipated minors. A self-
sufficient minor is one who is age 15 or older and lives
separately and apart from his or her parents or legal
guardian. An emancipated minor is any person under
the age of 18 who has entered into a valid marriage.

Concerning minors, the courts have ordered trans-
fusions for children in life-threatening situations de-
spite the objections or their parents or legal guardians.
The same applies to incompetent adult patients, where
courts have predominantly ruled that a physician has a
legally recognized right to proceed with emergency
procedures such as transfusion therapy even over the
objections of the relatives (Rashad Net University
2006).

3.7.2
Physiology of Anemia

To understand the physiology and compensatory mea-
sures of a reduced hemoglobin concentration and de-
duct possible strategies to maintain oxygen supply of
the body, the following parameters should be dis-
cussed.

The oxygen delivery of the organism (DO2) is the
product of the cardiac output (CO) and the arterial oxy-
gen content of the blood (caO2).

DO2 = CO × caO2 (3.1)

DO2 Oxygen supply, normal range 900–1,200 ml/min
CO Cardiac output, normal range: 4–8 l/min
caO2 Oxygen content of the arterial blood, normal

range: 19±1 ml/dl

The content of oxygen of the arterial blood consists
of the major part of 98.5% that is stored in the hemo-
globin (SaO2*Hb*1.39) and the minor part of 1.5% that
is physically stored (paO2*0.003).

caO2 = SaO2 × Hb × 1.39 + paO2 × 0.003 (3.2)

SaO2 Oxygen saturation of the arterial blood, normal
range 96%–100%

Hb Hemoglobin concentration, normal range
12–16 g/dl in women, 14–18 g/dl in men

paO2 Partial pressure of oxygen in arterial blood, normal
range 70–100 mmHg (Fresenius and Heck 2001)

Physiologic compensation of anemia (decrease in he-
moglobin concentration) to maintain adequate oxygen
delivery is achieved by increased cardiac output
(tachycardia, increased contractility). Therapeutic
measures include lowering oxygen consumption and
administering high inspiratory oxygen concentrations
(increase in SaO2 and paO2) by sedation and mechani-
cal ventilation. Oxygen consumption can also be low-
ered (7% per °C) by hypothermia. When the hemoglo-
bin concentration is very low, the oxygen content of the
blood decreases dramatically, because the physically
stored oxygen (paO2 * 0.003) is only a minor part of ox-
ygen transport in the blood. The physically stored oxy-
gen can only be increased significantly in hyperbaric
conditions.

Other mechanisms to improve tissue oxygenation
include lowering of the hematocrit with consecutive
decrease in viscosity and improvement of blood flow.
The peripheral vascular resistance is lowered to addi-
tionally increase blood flow. The oxygen saturation
curve, which describes the dependency of saturation
on the partial pressure, shifts to the right due to acido-
sis, anemia, and an increase in 2,3-diphosphoglycerate
and consecutively improves donation of oxygen to the
tissues (Rashad Net University 2006).

3.7.3
Strategies to Avoid Blood Transfusions

Perioperative care of Jehovah’s Witnesses should ideal-
ly start weeks before the surgical procedure. After a
positive benefit–risk analysis by the surgeon that in-
cludes the determination of the possible blood loss, the
patient should also be assessed by the anesthesiologist
to determine the patient’s preferences and preclusions.
After all parties agree on how to proceed with medical
management, the patient must sign a consent form me-
morializing his or her request not to transfuse under
any circumstances. At this early stage of planning, an
oral iron medication should be considered.

Donation and deposition of autologous blood is
commonly not accepted by the patients, but the preop-
erative acute normovolemic hemodilution can be an
option to reduce intraoperative blood loss if the collect-
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ing system “maintains in the circulatory system”. Addi-
tionally a cell-saving device can be used intraoperative-
ly, if no contraindications exist and the patient accepts
its use.

Deliberate hypotension with the reduction of the
systolic blood pressure to 80–90 mmHg decreases in-
traoperative blood loss. Contraindications are cardio-

Table 3.13. Perioperative
management to avoid blood
transfusions

Strategy Measures Effect

Fluids Ringer’s lactate Maintain blood volume
Hydroxyethyl starch
Dextran
Gelatin solutions
Oxygen transporting solutions Transport of oxygen

Drugs Erythropoietin Stimulation of red blood cells
Interleukin-11 Stimulation of platelets
GM-CSF, G-CSF Stimulation of white blood cells
Aprotinin, Tranexamic acid Antifibrinolytics
Desmopressin Release of vWF
Vitamin K Vitamin K-dependent coagulation factors
Recombinant Factor VIIa, VIII Activation of extrinsic pathway

Biological
hemostats

Collagen pad Direct sealing of wounds
Cellulose woven pad
Fibrin glue

Blood
salvage

Cell-saving machines Recovery of red blood cells

Surgical
techniques

Thorough operative planning Minimizing blood loss during procedure
Prompt action to stop bleeding
Dividing large surgeries into

smaller ones
Minimally invasive procedures
Endoscopic procedures
Arterial embolization
Applied direct pressure
Ice packs
Positioning of body
Tourniquet

Surgical
tools

Electrocautery or electrosurgery Closing vessels
Laser surgery
Argon beam coagulator
Gamma knife radiosurgery
Microwave coagulating scalpel
Shaw hemostatic scalpel
Ultrasonic scalpel
Cryosurgery

Anesthe-
siologic
techniques

Controlled hypotension Reduced blood pressure
Regional anesthesia
Maintaining normothermia Maintain coagulation
Acute normovolemic hemodilu-

tion
Reduced blood loss

Pediatric microsampling equip-
ment

Reduced sample volumes

Multiple tests per sample

Management
of anemia

Stop the bleeding Basis of all efforts
Oxygen support Increased SaO2
Maintain intravascular volume
Iron Erythropoiesis
Folic acid
Vitamin B12 injection
Hyperbaric oxygen chamber Increased paO2
Mechanical ventilation Reduced oxygen consumption

vascular disease, particularly coronary artery disease
and congestive heart failure, poorly controlled hyper-
tension, raised intracranial pressure, and coexistent
central nervous system pathologies. Additional side ef-
fects of deliberate hypotension are increased alveolar
dead space and decreased renal blood flow, so monitor-
ing arterial blood gases and urinary output is advis-
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able. Hypotension can be achieved by inhalational an-
esthetics, sodium nitroprusside, nitroglycerin, and tri-
methaphan. Neuroaxial blocks such as spinal or epidu-
ral anesthesia also lower the blood pressure, but con-
trolling the amount of hypotension is more difficult.

Positioning the patient so that the surgical field is at
a high point may result in less blood loss.

Mild hypothermia is another possible measure to re-
duce oxygen demand in anemic patients, as mentioned
before. A target core temperature of 30–32°C is typi-
cally chosen to balance the reduction of oxygen con-
sumption with the side effects of cardiac arrhythmias
and the hypocoagulatory state. Desmopressin, a syn-
thetic analog of the antidiuretic hormone, can elevate
the coagulation factor VIII and von-Willebrand factor.
Aminocaproic acid and other antifibrinolytics can re-
duce blood loss by inhibiting the physiologic or in-
creased lysis of already formed clots. Recombinant hu-
man erythropoietin stimulates the synthesis of eryth-
rocytes but takes a while to produce an effect and is
quite expensive. The artificial substances such as per-
fluorocarbon that transport oxygen are not as effective
as hemoglobin and still need further development.

Table 3.13 lists the possible strategies, measures, and
effects to avoid blood transfusions. From this summa-
ry, the treating physician should extract the measures
applicable to a specific patient.

3.7.4
Conclusion

If a hospital anticipates they might administer emer-
gency care to Jehovah’s Witnesses, it should establish a
protocol for such treatment to help avoid any medical,
ethical, or legal dilemmas that may arise.

All the blood-saving techniques discussed above al-
so apply to the regular patient in order to minimize
blood loss and the need for transfusions.
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4.1
Definition

Anaphylaxis is a severe, life-threatening, generalized or
systemic hypersensitivity reaction resulting from the
sudden release of mast cell and basophil-derived medi-
ators (Kemp and Lockey 2002).

The European Academy of Allergology and Clinical
Immunology (EAACI) suggested that anaphylactic-
type reactions should be reclassified as allergic and
nonallergic anaphylaxis (Johansson et al. 2001). Aller-
gic anaphylaxis is classified as IgE- or non-IgE-mediat-

Table 4.1. Common agents that cause perioperative anaphylaxis

Anaphylactic (IgE-dependent)
Medications (e.g., penicillin)
Latex
Aspirin and other nonsteroidal anti-inflammatory drugs
(probably)

Anaphylactoid (IgE independent): Multimediator
complement activation, activation of contact system
(Radio)contrast media

Nonspecific degranulation of mast cells and basophils
Opioids
Muscle relaxants

Immune aggregates
Dextran (possibly)

Cytotoxic
Transfusion reactions to cellular elements (IgG, IgM)

ed reactions. However, these terms have not been
adopted worldwide and anaphylactoid and anaphylac-
tic remain commonly used in differentiating non-IgE-
mediated and IgE-mediated reactions (Kemp and Lok-
key 2002).

The incidence of anaphylaxis during general anes-
thesia is 1 :13,000 in a French study with a mortality of
6% (Laxenaire 1999). The most frequent causes of ana-
phylaxis during surgical and medical procedures are
muscle relaxants, natural rubber latex, antibiotics, and
anesthesia induction agents (Lieberman 2002). Col-
loids, opioids, and (radio)contrast media account for
less than 10% of all reactions. An overview of the types
of reactions is listed in Table 4.1.

4.2
Immunological Mechanism

Coombs and Gell (1975) first classified four types of hy-
persensitivity (immunopathologic) reactions (Table 4.2).

Type I: Immediate (IgE-dependent)
Type II: Cytotoxic (IgG, IgM-dependent)
Type III: Immune complexes (IgG, IgM-dependent

complex)
Type IV: Delayed (T lymphocyte-dependent)
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Table 4.2. Classification of hypersensitivity (Coombs and Gell
1975)

Type Time to
maximal
reaction

Immunological com-
ponents

Examples

I 30 Min and
6–12 h

IgE antibodies Allergic asthma
Mast cells
Biphasic reaction

II days Cytotoxic reaction Graft-versus-
host reaction

III 6–8 h Antigen–antibody
complexes

Vasculitis

Complement activa-
tion

Glomerulo-
nephritis
Blood transfu-
sion reactions

IV 40–72 h Antigen-dependent T
cell reaction and leu-
kotriene production

Cutaneous con-
tact allergy

After Coombs and Gell (1975)

4.2.1
IgE-Dependent Anaphylaxis

Classical IgE-dependent anaphylaxis is a type I immu-
nologic reaction, which can happen when a sensitized
person is re-exposed to an allergen, usually at least a
few weeks after the first exposure. Allergens are usually
bivalent proteins with a molecular weight between
10,000 and 70,000 D. Allergen-specific IgE antibodies –
synthesized by plasma cells after the first allergen con-
tact – reversibly bind with the Fc portion to receptors
on mast cells and basophils. The antigen-binding part
of the IgE antibodies (the Fab portion) extends into the
extracellular space. During a subsequent antigen con-
tact, the bivalent antigen can then build a bridge be-
tween two cell-attached IgE antibodies, which will
cause a release of preformed mediators, mainly hista-
mine, from intracellular granules. It also causes the
quick synthesis of other mediators such as leukotrienes
C4, D4, and E4, triggered from membrane-attached
phospholipids. These primary mediators cause the
clinical appearance of anaphylaxis. Both mast cells and
basophils additionally release chemotactic factors to
attract other cells of the immune system. The eosino-
phils partly decrease the anaphylactic reaction by inac-
tivating histamine and leukotrienes. Neutrophils and
thrombocytes with their products are thought to be
part of the delayed anaphylactic reaction 6–12 h after
the initial type I reaction.

Besides this classical route of anaphylactic reaction,
another type has been described: type III anaphylactic
reaction. Characteristically, this type of reaction occurs
in patients with a hereditary deficiency of IgA (for ex-
ample, during blood transfusion) (see Sect. 4.8).

4.2.2
Non-IgE-Dependent Anaphylaxis

In non-IgE-dependent anaphylaxis, the release of the
mediators can be initiated by different factors that di-
rectly interfere with the mast cells and basophils: physi-
cal (e.g., cold temperature), osmotic (e.g., contrast me-
dia), or chemical stimuli (e.g., opioids). For this type of
a reaction, no sensitization is needed, and therefore
this type of anaphylactic reaction may occur with the
first contact to the allergen.

The main primary mediator, histamine, activates H1

and H2 receptors. Pruritus, rhinorrhea, tachycardia,
and bronchospasm are caused by the H1 receptors,
whereas both H1 and H2 receptors mediate headache,
flushing, and hypotension. Gastrointestinal signs and
symptoms are associated with histamine more so than
with tryptase levels.

The different routes of histamine release:
IgE-dependent: Antigen Basophils Histamine

Leukotrienes
Mastocytes Histamine

Leukotrienes
Tryptase

Nonspecific:
Idiosyncratic

Chemo-
toxicity

Basophils Histamine

Physical
stimuli

4.3
Clinical Presentation and Differential Diagnosis

The severity of the hypersensitivity reaction is classi-
fied into four grades (see Table 4.3): IgE- or non-IgE-
mediated reactions and anaphylactoid or anaphylactic
reactions, respectively, cannot be differentiated clini-
cally.

The most important clinical signs are (Chiu and Kel-
ly 2005):

) Cutaneous reactions (erythema, urticaria ) and
soft tissue swelling (e.g., eyelids, lips)
) Hypotension and tachycardia

Table 4.3. Severity of immediate hypersensitivity reactions

Grade Symptoms

Grade 1 Only cutaneous signs: diffuse erythema, urticaria

Grade 2 Same as grade 1 + nausea, cough, dyspnea,
tachycardia, hypotension

Grade 3 Same as grade 2 + vomiting, diarrhea, broncho-
spasm, cyanosis, shock

Grade 4 Cardiovascular arrest (apparent death)

After Ring and Messmer (1977)
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) Respiratory symptoms (cough, dyspnea, broncho-
spasm, laryngeal edema, and cyanosis)
) Gastrointestinal reactions (nausea, vomiting, diar-

rhea)
) Neurological reaction (loss of consciousness)

Other diagnoses that might mimic anaphylaxis should
be considered, since there are several conditions that
can also cause abrupt and dramatic patient collapse.
Acute reactions should be excluded if possible; these
include vasodepressor (vasovagal) reactions, acute
anxiety (e.g., panic attack or hyperventilation syn-
drome), myocardial dysfunction, pulmonary embo-
lism, aspiration, and hypoglycemia.

The clinical presentation of an anaphylactic/ana-
phylactoid reaction can differ greatly in each patient; it
is also very much dependent on the route of allergen
exposure, the rate of absorption, and the grade of sensi-
tivity to the allergen. The symptoms may appear only
seconds or minutes after the contact with the allergen.

In more than 90% of all cases, cutaneous symptoms
such as pruritus, flush, or erythema happen prior to
systemic reaction. However, cutaneous manifestations
might be delayed or absent in rapidly progressive ana-
phylactic shock.

Obstruction of the pulmonary system is very com-
mon and can be life threatening. The reason may be ex-
trathoracic (caused by swelling of the larynx or phar-
ynx) or intrathoracic (caused by obstruction of the
bronchi). Most often the swelling of the larynx is the
cause of death in anaphylactoid reactions and starts
with hoarseness, wheeze, and stridor. As in acute
shock, edema of the larynx may be the only symptom
of anaphylaxis.

Gastrointestinal symptoms such as nausea, vomi-
ting, diarrhea, abdominal pain, bowel urgency are
caused by disturbance of the permeability of the gas-
trointestinal system and additionally by the hypermo-
bility of the bowels due to stimulation of histamine re-
ceptors.

The exact mechanism of hemodynamic reactions is
not fully understood. Leading symptoms are hypovole-
mia due to vasodilatation and fluid shift into the inter-
stitium, and tachycardia as well as decreased cardiac
filling pressure.

It is unknown whether cerebral signs such as dizzi-
ness, syncope, cramps, and unconsciousness are
caused by cerebral lack of perfusion or a direct effect of
the mediators.

4.4
Diagnostic Tests and Risk Factors

There are many different diagnostic tests, including se-
rum tryptase, plasma histamine, specific IgE-level

measurements, and skin tests. However, all of these
tests have their pitfalls.

An elevated tryptase level 1–6 h after a suspected
anaphylactic reaction indicates mast cell degranula-
tion. Together with a suggestive history and clinical
findings, this supports the diagnosis of anaphylaxis
(Fisher and Baldo 1998). However, serum tryptase con-
centration may be normal even in fatal anaphylaxis.

Plasma histamine level reaches a peak within
15–30 min of the onset of anaphylaxis and returns to
baseline values within 1 h. This test is therefore of very
limited use and only helpful in some patients.

4.4.1
Diagnosis of Serious or Fatal Reaction to Contrast Media

During anaphylaxis/anaphylactoid reaction, histamine
is released from both basophils and mast cells, while
tryptase is absent from basophils but released from the
granules of mast cells together with histamine. New
highly reliable assays are becoming available for mea-
suring tryptase and histamine in plasma (Laroche et al.
1998). Tryptase’s half-life is about 90 min, and the best
time for measuring is 1–2 h after the reaction (not later
then 6 h). Only very high concentrations of serum tryp-
tase should be regarded as specific for fatal anaphylax-
is/anaphylactoid reactions (Brockow et al. 1999). Hista-
mine has a very short half-life (approximately 2 min),
and the best time for measuring its plasma level is be-
tween 10 min and 1 h after the reaction. Consequently,
blood samples for histamine analysis should be drawn
as soon as possible after the reaction. For tryptase,
blood sampling 1–2 h after onset of the symptoms has
been recommended. To enable comparison with base-
line levels, new blood samples should be collected
1–2 days after the reaction (Brockow et al. 2005a).

The level of histamine release has been demonstrat-
ed to have a direct relationship to the severity of the im-
mediate reaction to iodinated contrast media (CM)
(Laroche et al. 1998). The proof of an increased hista-
mine or tryptase level during the acute reaction can
help to diagnose an anaphylactic reaction, even retro-
spectively.

Muscle relaxants and natural rubber latex are very
significant and potent allergens in the perioperative pe-
riod. In patients with a suspicious history, a search for
specific IgE antibodies can be done prior to the opera-
tion to minimize the risk of a potential anaphylactic re-
action (see Sects. 4.8 and 4.9). If a latex allergy is sus-
pected, a skin prick test is recommended (see Sect. 4.9).

In suspected penicillin incompatibility, a prior skin
test might be very helpful, because it has a high nega-
tive predictive value (see Sect. 4.8).

All patients with an anaphylactic reaction should
undergo an consultation with an allergy and immunol-
ogy specialist, and the results documented in an allergy
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card. After a severe reaction, the patient should be
taught to do initial self-treatment in the event of con-
tact to the allergen. In such cases, patients should
therefore carry an emergency kit with them. This
should include an H1-antagonist (e.g., dimetindene
maleat, 2 ml = 2 mg) as a liquid and an quick effective
corticosteroid in a liquid form (e.g., celestamine liqui-
dum, 5 ml = 0.5 mg betamethasone) or for inhalation
(e.g., Primatene mist epinephrine) and an adrenaline
pen for self- intramuscular injection (e.g., Fastjekt or
EpiPen, 0.3 ml = 0.30 mg epinephrine).

Generally, all patients with a history of asthma or at-
opy (including hay fever and food allergies) have an in-
creased risk of anaphylactic/anaphylactoid reactions in
the perioperative interval. Risk factors have been clear-
ly demonstrated for two major allergens commonly
found in hospital:

1. Although reactions to iodinated radiographic CM
are not true allergic ones, patients with a history of a
previous reaction to contrast material have a three-
to fourfold greater risk of subsequent reaction than
the general population (Katayama et al. 1990; Mor-
cos and Thomsen 2001). Other important risk fac-
tors include asthma and a history of atopy, including
hay fever and food allergies, increasing the risk of
anaphylaxis eight- to tenfold (Morcos and Thomsen
2001; Shehadi 1982). In addition, patients treated
with q -adrenergic blockers and interleukin-2 are at
increased risk of acute adverse reactions to CM
(Thomsen et al. 2004; Morcos 2005) (see Sect. 4.7).

2. The risk of latex hypersensitivity in patients who
require chronic bladder care (e.g., individuals with

Table 4.4. Treatment of
immediate hypersensitivity
reactions
HES = Hespan

Grade Type of reaction
Dermatological Respiratory tract Cardiovascular Progression suspected

I H1- (+H2-)
antagonists

As needed: As needed: Corticoids i.v.
i.v. line i.v. line H1-(+H2-) antagonists
Oxygen Oxygen

II H1- (+H2-)
antagonists

Mandatory: Mandatory: Corticoids i.v.
i.v. line i.v. line H1-(+H2-) antagonists
Oxygen Oxygen Adrenaline 0.1 mg i.v.
q 2-Sympathicomime-

tica inhalation
Colloids, Ringer

solution, HES
Prednisolone

(250–500 mg i.v.)

III H1- (+H2-)
antagonists

Mandatory: Mandatory: Corticoids i.v.
i.v. line i.v. line H1-(+H2-) antagonists
Oxygen Oxygen Adrenaline 0.1 mg i.v.
q 2-sympathicomime-

tica inhalation
Colloids, Ringer

solution, HES
Dopamine and/or nor-

adrenaline as needed
Prednisolone

(0.5–1 g i.v.)
Adrenaline 0.1
mg i.v. repeated
every 3 min

IV Cardiopulmonary Resuscitation and
intubation

From Kemp 2002

bladder extrophy or meningomyelocele) has been
reported to be as high as 72% (Ricci et al. 1999).
The risk of anaphylaxis in the operating room is
500-fold greater in patients with spina bifida as
compared with control groups (Taylor and Erkek
2004). In individuals of occupations with regular
exposure to latex gloves (e.g., health care workers,
hair dressers, cleaners, housekeepers) the inci-
dence of latex sensitization is up to 12%, compared
to 1%–6% in the general population
(Lieberman 2002) (see Sect. 4.9).

4.5
Prevention and Treatment of Anaphylactic
Reactions

Medical prevention of anaphylaxis is useful in avoiding
reactions to iodinated radiographic contrast media. It
is recommended in patients with a high risk for ana-
phylactic/anaphylactoid reaction to CM as defined ear-
lier (Sect. 4.4). Premedication has not been proven to
have any benefit in all other perioperative anaphylac-
tic/anaphylactoid reactions, e.g., reactions to latex or
muscle relaxants.

The treatment of anaphylaxis is based on a few very
important factors (for details, see Table 4.4).

) Supine position, elevated legs
) Oxygen (6–10 l/min)
) Volume substitution

– Crystalloids (saline or ringer solution) 30 ml/kg
i.v.
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Table 4.5. Step-by-step algo-
rithm for the treatment of
anaphylactic reactions in
correlation to the grade of
anaphylactic reaction

Grade of reaction Step What to do?

Grade I (slight to
moderate general
reaction)

1 Stop the cause, stop the antigen
2 Give oxygen by mask (6–10 l/min)
3 Place an i.v. line and apply volume (500 ml saline, Ringers solu-

tion or HES)
4 Measure blood pressure and pulse rate
5 Elevate patient’s legs if hypotensive
6 Inject an H1-antagonist i.v. (e.g., diphenhydramine 25–50 mg,

clemastine 4 mg or dimetindene maleat 8 mg)
Optionally inject an H2-antagonist (e.g., cimetidine 400 mg or

ranitidine 100 mg)

Grade II (severe
general reaction)

7 Call resuscitation team
8 Give corticosteroids i.v. (e.g., prednisolone 500–1,000 mg)
9 Give adrenaline 1 :1000 i.m. (0.2–0.5 mg)

10 In case of bronchospasm give q 2-sympathicomimetica (e.g.,
fenoterol inhalation 100–200 µg or terbutaline 0.25–0.5 mg SC)

Grade III (life
threatening gen-
eral reaction)

11 ECG monitoring
12 Give adrenaline 1 :1,000 i.v. (0.1 mg, repeated every 3 min)
13 Cardiopulmonary resuscitation and intubation

See also Table 4.4

) Antihistamines (H1 and H2)
) Corticoids
) Adrenaline (diluted 1 :1,000)

A step-by-step algorithm on what to do with a patient
presenting with an anaphylactic reaction is provided in
Table 4.5.

Treatment for anaphylaxis is supportive and in-
cludes epinephrine/adrenaline as the first-line phar-
macological agents. An incidence of 6% for a biphasic
anaphylactic reaction in pediatric patients was re-
ported. A delay in administering epinephrine was asso-
ciated with increased incidence of biphasic reactions,
and unavailability of epinephrine was associated with
death (Lee and Greenes 2000; Chiu and Kelly 2005).

Therefore, patients with an anaphylactic reaction
need continuous surveillance for 24 h in hospital. This
is also necessary in patients with a good reaction to ap-
propriate therapy because of the possibility of recur-
rence and the delayed reaction (up to 12 h after the ini-
tial reaction) with arrhythmia, myocardial ischaemia
or respiratory insufficiency (Haupt 1995).

Monitoring vital functions must include continuous
ECG monitoring, pulse oximetry, and blood pressure
monitoring.

Management of anaphylactic shock in general is de-
scribed in great detail by Kemp and Lockey (2002) and
is analogous to the management of the immediate reac-
tions to contrast media (Table 4.8).

Guidelines for the management of the cardiovascu-
lar shock are published by the American Heart Associ-
ation (Cummins and Hazinski 2000), the British Resus-
citation Council, and the National Guideline Clearing-
house of the United States (NGC) (for addresses of the
websites, see Sect. 4.10).

4.6
The Role of Skin and Provocation Tests

The diagnostic value of skin tests has not been fully
evaluated during the last decade. Reliable skin test pro-
cedures are generally lacking, and test concentrations
are unknown or poorly validated for most drugs (De-
moly 2005). Skin prick tests and intradermal tests are
particularly important for reactive haptens in order to
demonstrate an IgE-dependent mechanism. They
should be performed 4–6 weeks after the reaction by
specialists in an appropriate setting, since the tests
themselves can induce an anaphylactic reaction, al-
though rarely.

Depending on the drug, the sensitivity and predic-
tive values of tests vary from excellent (penicillin, mus-
cle relaxants) to satisfactory (opioids, thiopental) all
the way to poor or unknown (local anesthetics, parace-
tamol, sulfonamide, contrast media, nonsteroidal anti-
inflammatory drugs). For details, see Sects. 4.7 and 4.8.

The best standardized skin test exists for the q -lac-
tam ring of penicillin. An IgE-dependent hypersensi-
tivity can be demonstrated by a positive skin prick test
and/or intradermal test after 20 min (Brockow et al.
2002).

A drug provocation test is carried out for diagnos-
tic/therapeutic purposes and consists of the controlled
administration of the drug to a patient with a history
that suggests drug allergies. The European Network of
Drug Allergy from the European Academy of Allergolo-
gy and Clinical Immunology recommends the use of a
provocation test when skin tests and biological tests are
not available or not validated. This approach has elicit-
ed some controversial discussion, because with the ex-
ception of aspirin and q -lactams, results of tests are on-
ly available for very small patient groups. One of the
most important reports on drug provocation tests, con-
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ducted in 1,372 patients, could show true drug hyper-
sensitivity in only 17.6% of the patients (Demoly 2005).
This is of crucial importance for the therapeutic future
of these patients. Drug provocation tests should never-
theless be regarded as a serious and potentially danger-
ous procedure (Aberer et al. 2003).

4.7
Immediate and Nonimmediate Reactions
to Contrast Media

Since their development in the 1950s tri-iodinated ben-
zene derivates have been used for opacification of the
urinary tract. The radiopacity of such compounds is
produced by molecular iodine, which is attached to the
benzene ring. The agents are further characterized by
their ionic and nonionic side chains as well as their mo-
nomeric or dimeric ring structure.

Contrast media are used in many diagnostic and in-
terventional procedures, including intravenous ur-
ography, CT scan, angiography, intraoperative ante-
grade or retrograde pyelography, urethrogram, and cy-
stogram.

Adverse effects of contrast media are generally clas-
sified into two large groups: chemotoxic effects and idi-
opathic or anaphylactoid reactions. Chemotoxic effects
are thought to be dose-related and have a direct toxic
effect on the target organ, such as the nephrotoxicity of
contrast media.

Anaphylactoid reactions simulate a true allergic re-
action, but are not mediated by immunoglobulins. No
antibodies to contrast material have ever been demon-
strated. The diagnosis of contrast media-associated
nonallergic anaphylaxis is based on clinical history
alone.

Serious reactions to CM are comparable to type 1
hypersensitivity reactions (anaphylaxis), which begin
within minutes after antigen exposure and are mediat-
ed by a variety of chemotactic, vasoactive, and spasmo-
genic compounds. Histamine seems to be the primary
mediator of anaphylaxis/anaphylactoid reaction and is
responsible for the intense immediate manifestations.
Preformed histamine is present in basophils and mast
cells and is released rapidly by degranulation of these
cells in a response to a variety of stimuli. There are sev-
eral other biological mediators produced by mast cells
and basophils, including leukotrienes, prostaglandins,
enzymes, and a variety of cytokines. These substances
act in an autocrine, paracrine, and endocrine fashion,
triggering a cascade of inflammatory mediators. They
induce vasodilatation, an increase in vascular perme-
ability leading to edema, contraction of smooth muscle
cells precipitating bronchospasm, and an increase in
airway mucous secretion. The cytokines and chemo-
tactic factors recruit leukocytes, eosinophils, baso-

phils, monocytes, and T cells, which release additional
waves of mediators and cytokines (Morcos 2005).

The mechanisms by which CM activate basophils
and mast cells to release histamine and other mediators
are not completely understood. They may include di-
rect effects of CM particles on these cells or activation
of immunological mechanisms involving IgE anti-
bodies, thymus-derived lymphocytes (T cells) or the
complement system (Morcos 2005).

Hypersensitivity reactions to all classes of contrast
media (CM) occur either immediately within the first
hour after CM administration, or nonimmediately,
more than 1 h after CM exposure.

Mild immediate reactions occur in 0.7%–3.1% of
patients receiving lower-osmolar/nonionic CM (Brok-
kow et al. 2005a). Pruritus and mild urticaria are the
most common immediate manifestations. More severe
reactions involve the respiratory and cardiovascular
systems.

The frequency of nonimmediate hypersensitivity re-
actions appears to range from 1% to 3%, and skin reac-
tions of the maculopapular exanthematous and urti-
carial/angioedematous types account for the majority
of them. At present, the exact pathogenesis of these de-
layed reactions is still unclear. There is, however, in-
creasing evidence that a significant proportion of the
reactions is T cell-mediated (Christiansen et al. 2000).

In a large study of over 330,000 patients, Katayama et
al. evaluated the incidence of severe and very severe re-
actions following intravascular administration of CM.
He found an incidence of 0.22% and 0.04%, respective-
ly, after administration of high-osmolar contrast media
(HOCM), but only 0.04% and 0.004%, respectively, af-
ter low-osmolar contrast media (LOCM) (Katayama et
al. 1990; Table 4.6). The study concluded that the use of
LOCM has resulted in reducing the incidence of severe
and very severe reactions by a factor 10 in comparison
to HOCM. However, no difference was observed in the
incidence of fatal reactions to both types of CM, which
were exceedingly rare (1 :170,000). Nevertheless, iodin-
ated CMs are one of the top ten drugs responsible for
anaphylaxis/anaphylactoid reactions (Wang et al.
1998), with a mortality rate of 0.9 per 100,000 examina-
tions (Pumphrey 2000; Caro 2001).

Table 4.6. Frequency of adverse reactions to contrast media
(338,000 patients)

Adverse reactions High-osmolar/
ionic contrast
media

Low-osmolar/
nonionic contrast
media

Total 12.66% 3.13%
Severe 0.22% 0.04%
Very severe 0.04% 0.0004%
Fatal 0.0006% 0.0006%

After Katayama et al. 1990
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4.7.1
Diagnostics

4.7.1.1
Immediate Hypersensitivity Reactions

Immediate hypersensitivity reactions to CM are at least
in part associated with histamine and tryptase release
from basophils and mast cells (Laroche et al. 1998). The
role of skin prick tests and intradermal tests (IDT) in
diagnostic procedures has been evaluated for many
years, but positive tests have only been reported in pa-
tients with a history of severe reactions (Brockow
2005a). Determination of plasma histamine and tryp-
tase immediately after reactions to CM may confirm
basophil or mast cell mediator release (Laroche et al.
1998). However, recent results indicate that these tests
may be of limited value (Laroche 2004). Only two out of
20 patients with immediate reactions had increased
levels of these mediators after CM exposure. Both pa-
tients had experienced a life-threatening reaction.
Whereas tryptase levels remain relatively stable within
at least 2 h, histamine is rapidly degraded, and levels
have to be determined as soon as possible after the re-
action.

Some investigators have reported the presence of
CM-specific IgE antibodies in the serum of patients
with an immediate reaction, but the frequency of posi-
tive test results varies widely between 2% and 47%. No
commercial assay is available for routine measurement,
and the relative merit of the test in diagnosing severe
immediate reactions has yet to be established (Brockow
2005a).

Additionally, the role of a histamine release test and
other in vitro basophil activation tests in the diagnosis
of allergic reactions to CM has not yet been defined.

4.7.1.2
Skin Reactions

Skin reactions of the maculopapular exanthematous
and urticarial/angioedematous types account for the
majority of nonimmediate hypersensitivity reactions
to CM. There is increasing evidence that a significant
proportion of the reactions are T cell-mediated (Chri-
stiansen et al. 2000). Skin tests have been widely used to
confirm such delayed hypersensitivity. CM have consis-
tently tested positively as an allergen in patch tests and/
or delayed intradermal tests (IDT) in reactors but not
in controls (Brockow et al. 2005a). These tests may be
useful in allergy diagnosis of nonimmediate skin reac-
tions to CM, but further evaluation is needed with re-
gard to the sensitivity and specificity as well as of the
positive and negative predictive value of such tests.

More data from larger studies are needed to assess
the usefulness of the skin tests and other diagnostic
tests as routine tools in the follow-up of patients with

either immediate or nonimmediate hypersensitivity re-
actions after CM exposure. At present such tests cannot
yet be recommended for routine clinical practice (Brok-
kow 2005b).

4.7.2
Risk Factors

Although the majority of anaphylactoid reactions oc-
cur unpredictably, certain risk factors have been well
documented. Even though these reactions are not true
allergic reactions, patients with a history of a previous
adverse response to contrast material have a risk of
subsequent reaction that is three- to fourfold greater
than the general population (Katayama et al. 1990;
Morcos and Thomsen 2001). Other important risk fac-
tors include asthma and a history of atopy, including
hay fever and food allergies (Morcos and Thomsen
2001; Shehadi 1982). In addition, patients treated with
q -adrenergic blockers and interleukin-2 are at in-

creased risk of acute adverse reactions to CM (Thom-
sen and Morcos 2004; Morcos 2005).

4.7.3
Prevention

The European Society of Urogenital Radiology (ESUR)
has produced guidelines on prevention of generalized
reactions to CM (Morcos et al. 2001; Table 4.7). They
recommend the use of nonionic CM to decrease the risk
of generalized CM reactions; they also recommend pre-
medicating high-risk patients with prednisolone
(30 mg orally) or methylprednisolone (32 mg orally) 12
and 2 h before CM exposure. However, the value of such
premedication in the prevention of severe reactions to
lower-osmolar CM has not been conclusively demon-
strated. It has yet to be definitively decided whether an-
tihistamines H1 and H2 are of additional benefit in pre-
medication (Morcos et al. 2001; Morcos 2005).

In case of emergency administration of CM in pa-
tients with a high risk of severe reactions to CM, partic-
ularly those with a history of previous serious reaction
to CM, pretreatment is recommended with hydrocorti-
sone (200 mg intravenously) immediately and every 4 h
until the procedure is completed, as well as with di-
phenhydramine (50 mg intravenously) before the pro-
cedure and the use of low-osmolar nonionic CM
(Greenberger et al. 1986).

However, the best prevention of acute reactions to
iodinated contrast media is to avoid its administration
(Morcos 2005). Therefore in high-risk patients, imag-
ing procedures that use other contrast media should be
considered. Anaphylaxis to gadolinium-based contrast
media used in magnetic resonance imaging is very rare
and is a safe alternative.
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Table 4.7. Prevention of generalized reactions to contrast media

A.Risk factors for reactions
) Previous generalized reaction to a contrast medium, ei-

ther moderate (e.g., urticaria, bronchospasm, moderate
hypotension) or severe (e.g., convulsions, severe bron-
chospasm, pulmonary edema, cardiovascular collapse)
) Asthma
) Allergy requiring medical treatment

B. To reduce the risk of generalized contrast medium
reactions
) Use nonionic agents

C. Premedication is recommended in high-risk patients
(defined in A)
) When ionic agents are used
) Opinion is divided about the value of premedication

when nonionic agents are used

D.Recommended premedication
) Corticosteroids

Prednisolone (30 mg orally) or methylprednisolone
(32 mg orally) 12 and 2 h before contrast
Medium is administered. Corticosteroids are not effec-
tive if given less than 6 h before contrast medium
) Antihistamines H1 and H2 may be used in addition to

corticosteroids, but opinion is divided about the merits
of this approach
E.Remember for all patients
) Have a trolley with resuscitation drugs in the examina-

tion room
) Observe patients for 20–30 min after contrast-medium

injection

F. Extravascular administration
) When absorption or leakage into the circulation is possi-

ble, take the same precautions as for intravascular ad-
ministration

After Morcos et al. (2001b); www.esur.org

4.7.4
Treatment

Severe, even life-threatening reactions may still occur
in patients who receive both corticoid premedication
and low-osmolar contrast media. Prompt recognition
and treatment of adverse side effects to CM can be in-
valuable in diminishing the response and may prevent
a reaction from becoming severe or even life-threaten-
ing (Morcos and Thomsen 2001). For at least 20 min af-
ter a CM injection, the patient should never be left
alone, because 94%–100% of severe and fatal reactions
occur in that interval. Knowledge, training, and prepa-
ration are very important for effective treatment of an
adverse contrast-related reaction. Therefore, all per-
sonnel involved in intravascular application of CM
should be adequately trained in cardiopulmonary re-
suscitation, and all equipment for resuscitation (crash
cart, defibrillator, necessary drugs) should be checked
regularly.

Mild reactions are usually self-limiting and do not
require active treatment. However, the application of
the agents must be stopped immediately, and the pa-
tient should be observed until full recovery.

Table 4.8. Simple guidelines for first-line treatment of acute re-
actions to CM

Nausea or vomiting
) Transient: supportive treatment
) Severe, protracted: appropriate antiemetic drugs should

be considered

Urticaria
) Scattered, transient: supportive treatment including ob-

servation
) Scattered, protracted: appropriate H1-antihistamine in-

tramuscularly or intravenously should be considered;
drowsiness and/or hypotension may occur
) Profound: consider adrenaline 1:1,000, 0.1–0.3 ml

(0.1–0.3 mg) intramuscularly up to 0.3 maximum in chil-
dren. Repeat as needed

Bronchospasm
) Oxygen by mask (6–10 l/min)
) q -2-agonist metered dose inhaler (two to three deep in-

halations)
) Adrenaline

Normal blood pressure
Intramuscular: 1:1,000, 0.1–0.3 ml (0.1–0.3 mg) (use small-

er dose in a patient with coronary artery disease or elder-
ly patient)

In pediatric patients: 0.01 mg/kg up to 0.3 mg maximum

Decreased blood pressure
Intramuscular: 1:1,000, 0.5 ml (0.5 mg), (in pediatric pa-

tients: 0.01 mg/kg intramuscularly)

Laryngeal edema
) Oxygen by mask (6–10 l/min)
) Intramuscular adrenaline (1:1,000), 0.5 ml (0.5 mg) for

adults, repeat as needed

Hypotension
Isolated hypotension
) Elevate patient’s legs
) Oxygen by mask (6–10 l/min)
) Intravenous fluid: rapidly, normal saline or lactated

Ringer’s solution
) If unresponsive: adrenaline: 1:1,000, 0.5 ml (0.5 mg) intra-

muscularly, repeat as needed

Vagal reaction (hypotension and bradycardia)
) Elevate patient’s legs
) Oxygen by mask (6–10 l/min)
) Atropine 0.6–1.0 mg intravenously, repeat if necessary

after 3–5 min, to 3 mg total (0.04 mg/kg) in adults. In pe-
diatric patients, give 0.02 mg/kg intravenously (max.
0.6 mg per dose) repeat if necessary to 2 mg total
) Intravenous fluid: rapidly, normal saline or lactated

Ringer’s solution

Generalized anaphylactoid reaction
) Call for resuscitation team
) Suction airway as needed
) Elevate patient’s legs if hypotensive
) Oxygen by mask (6–10 l/min)
) Intramuscular adrenaline (1:1,000), 0.5 ml (0.5 mg) in

adults. Repeat as needed. In pediatric patients, 0.01 mg/
kg to 0.3 mg (maximum dose)
) Intravenous fluids (e.g., normal saline, lactated Ringer’s)
) H1-blocker, e.g., diphenhydramine 25–50 mg i.v.
) q -2-agonist metered dose inhaler for persistent broncho-

spasm: two or three inhalations

After Thomsen et al. (2004); www.esur.org
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The management of acute adverse reactions to con-
trast media is well defined and all other anaphylactic
reactions, for example to latex and drugs, are managed
in the same way. This includes establishment of an ade-
quate airway, oxygen supplementation, administration
of intravascular physiological fluids, and measurement
of the blood pressure and heart rate. Talking to the pa-
tient while checking the pulse rate provides useful ini-
tial information: breathing is assessed, the possibility
of a vagal reaction (bradycardia) is determined, and a
rough estimation of systolic pressure is obtained. H1-
antihistamine and adrenaline are administered in cor-
relation with the severity of the reaction.

Wherever an anaphylactic reaction may occur (e.g.,
the ward, the operating room, the examination room of
the radiology department), the following basic medical
equipment should be available:

) Oxygen
) Adrenalin 1 :1,000 (suitable for injection)
) Antihistamine H1 (suitable for injection)
) Atropine
) q 2-agonist metered-dose inhaler
) i.v. fluids: normal saline or Ringers solution
) Anticonvulsive drugs (diazepam)
) Sphygmomanometer
) One-way mouth breather apparatus

Guidelines on first-line treatment have been published
by the European Society of Urogenital Radiology
(ESUR) (Thomsen and Morcos 2004; Table 4.8,
www.esur.org). The subsequent management of severe
adverse reactions (including the administration of sec-
ond-line drugs) should be handled by the resuscitation
team.

H2 antihistamines and H2 receptor blockers have a
limited role in treating contrast media reactions. They
are used primarily to reduce symptoms from skin reac-
tions. High-dose intravenous corticoids do not play a
role in the first-line treatment of acute adverse reac-
tions. Standard doses can be effective in reducing de-
layed recurrent symptoms, occurring up to 48 h after
the initial reaction (intravenous prednisolone 250 mg
or methylprednisolone 50 mg). However, very high
doses may have an immediate stabilizing effect on the
mast cell membrane and can be used in the second-line
treatment (intravenous prednisolone 500–1,000 mg or
methylprednisolone 100–200 mg). It can take 6 h
before corticoids are fully active (Thomsen and Morcos
2004).

4.8
Reactions to Perioperative Drugs
4.8.1
General Anesthetic Agents and Neuromuscular
Blocking Agents

The main agents used for induction of anesthesia are
hypnotics (thiopentone, propofol, and etomidate), opi-
oids (fentanyl), neuroleptics, and benzodiazepines
(Thong and Yeow-Chan 2004). The majority of intrao-
perative anaphylactic reactions are caused by the neu-
romuscular blocking agents commonly used to induce
paralysis to facilitate endotracheal intubation or to op-
timize surgical exposure (Birnbaum et al. 1994).

The use of intradermal skin tests for the diagnosis of
IgE-mediated anaphylaxis to agents during general an-
esthesia is well established (Moscicki et al. 1990; Rose
and Fisher 2001). Some authors have reported the use-
fulness of skin prick tests (Fisher and Bowey 1997). The
advantage of skin prick tests is that by doing intrader-
mal testing, potentially dangerous reactions can be
prevented. However, there are no data available on the
safety of subsequent anesthesia based on the results of
prick testing alone, and reliability over time has not
been assessed.

Skin testing is useful because alternative muscular
relaxants that produce a negative skin test reaction may
be used safely if skin tests show that a neuromuscular
agent could cause problems (Fisher 1994). However, the
true-negative predictive value for these skin tests is un-
known, and false-negative skin reactions have been re-
ported (Fisher et al. 1999).

Patients with previous reactions to an agent used
during general anesthesia should have intradermal
testing done for both putative agents and an alternative
neuromuscular block. Low-risk agents such as pancur-
onium should be given preference over high-risk
agents such as succinylcholine, if both yield negative
skin tests. However, a negative skin test result does not
eliminate the possibility of developing a reaction to one
of these agents. Pretreatment for neuromuscular block-
ing agent allergy has been found to be ineffective.

Drug-specific IgE can be demonstrated by radioim-
munoassay and radioallergosorbent testing (RAST).
However, there is only one commercially available test
for muscular relaxants (suxamethonium; Pharmacia,
Uppsala, Sweden).

4.8.2
Local Anesthetic Agents

Adverse reactions to local anesthetics are not uncom-
mon, but less than 1% are true allergic reactions
(Schatz 1984.)

Positive skin test reactions may occur in approxi-
mately 15% of patients with no history of adverse reac-
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tions to local anesthetic agents (false positive). False-
negative test results are rare but are nevertheless re-
ported in the literature (Thong and Yeow-Chan 2004).

4.8.3
Antibiotics

The most common antibiotics given perioperatively are
penicillins, cephalosporins, gentamicin, and vancomy-
cin (in patients with methicillin-resistant Staphylococ-
cus aureus) (Thong and Yeow-Chan 2004). q -Lactam
antibiotics are estimated to cause 400–800 fatal ana-
phylactic episodes per year. The skin test is the most re-
liable method for evaluating suspected anaphylaxis to
penicillin; 97% of patients with a negative skin test re-
action will tolerate penicillin administration. Thus the
skin test has a high negative predictive value. With the
presence of a positive history and a positive skin test re-
action, the patient has at least a 50% risk of an immedi-
ate reaction to penicillin (Bernstein et al. 1999). Posi-
tive drug-specific IgE test results may suggest a diagno-
sis of penicillin allergy; however, negative tests are un-
reliable. Thus, skin tests are preferred.

The cross-hypersensitivity between penicillins and
cephalosporins is less than 5%–10%. Skin tests for
cephalosporins are not standardized, and the negative
predictive value is unknown.

Desensitization may be considered for patients with
a positive skin test reaction to penicillin who require
penicillin or cephalosporin in absence of suitable non-
q -lactam alternatives (Borish et al. 1987; Kelkar and Li
2001).

Vancomycin hypersensitivity usually leads to skin
flush (red man syndrome) and commonly occurs from
direct mast cell histamine release. Diagnosis is made
from clinical history. If the flush does not respond to a
slower rate of infusion, a protocol similar to desensiti-
zation may be considered (Wazny and Daghigh 2001).

4.8.4
Opioids

Opioids are often used perioperatively for analgesia
and sedation, and as adjuvants to anesthetics. Mor-
phine, codeine, and synthetic opioids such as pethidine
can cause direct mast cell degranulation without the
presence of specific IgE antibodies. This explains why
the skin prick test is not helpful in the diagnosis of opi-
oid hypersensitivity (Nasser and Ewans 2001).

4.8.5
Nonsteroidal Anti-inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs), giv-
en for pain relief in the perioperative period, may cause
both anaphylactic and anaphylactoid reactions. Ana-

phylaxis to NSAIDs is typically drug-specific and not
common to the entire group of agents.

4.8.6
Heparin

Perioperative heparin prophylaxis can cause thrombo-
cytopenia. There are two types of heparin-induced
thrombocytopenia (HIT). HIT I is characterized by a
transitory, slight, and asymptomatic reduction in
platelet count during the first 1–2 days of treatment. It
resolves spontaneously and does not require discontin-
uation of the drug. The origin of HIT I is not completely
understood, but may be caused by a heparin-induced
platelet clumping.

The other type of heparin-induced thrombocytope-
nia, HIT II, has an immunological origin. It is charac-
terized by a significant reduction in platelets (reduc-
tion >50% or to levels <100 × 103/µl), generally ob-
served after the 5th day of treatment, and usually re-
solves in 5–15 days after heparin has been suspended.
However, in some cases it may take months. HIT II is
the most frequent and dangerous side effect of heparin.
It may appear in patients who were exposed to heparin
earlier. Laboratory tests confirm that the prevalence
seems to be 1%–3% for unfractionated heparin and
0%–0.8% for low-molecular-weight heparin. There is
a greater risk in those patients receiving heparin of bo-
vine compared with porcine origin (Fabris et al. 2000;
Menajovsky 2005 ).

The immunologic etiology of HIT II is largely ac-
cepted: platelet factor 4 (PF4) displaced from endothe-
lial heparin sulphate or directly from the platelets binds
to the heparin molecule to form an immunogenic com-
plex. The IgG anti-heparin/PF4 immunocomplexes ac-
tivate platelets and provoke an immunologic endotheli-
al lesion with thrombocytopenia and/or thrombosis.
Cutaneous allergic manifestation at the heparin injec-
tion sites and skin necrosis may be present as well. In-
terestingly, hemorrhagic events are not frequent, while
the major clinical complications in at least 30% of the
patients are both arterial and venous thrombosis, with
a 20% mortality rate. The exact pathomechanism of
this reaction is not clear.

During heparin therapy, platelet counts should be
checked regularly, at least twice weekly. The diagnosis
of HIT is based primarily on clinical criteria and in vi-
tro demonstration of heparin-dependent antibodies.
Among the different assays available, the PF4-heparin
enzyme linked immunosorbent assay (ELISA) and the
14C-serotonin release assay (SRA) are the most widely
used tests.

If HIT II is suspected, heparin must be immediately
discontinued and an alternative anticoagulation should
be initiated until the resolution of the thrombocytope-
nia is completed. Heparinoids such as danaparoid sodi-
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um (Orgaran; no longer available in the US) or direct
thrombin inhibitors such as hirudin are the safest and
most effective drugs against the symptoms of HIT, sig-
nificantly reducing mortality due to thrombotic com-
plications (Fabris et al. 2000). Administration of low-
molecular-weight heparin is not recommended, be-
cause there is a 60%–100% cross-reactivity of the hep-
arin-induced antibodies.

4.8.7
Colloid Infusion Products

Colloid infusion products used as a plasma expander
may cause anaphylaxis during surgery (Thong and Ye-
ow-Chan 2004). The exact pathophysiologic mecha-
nisms are unclear. Gelatin-specific IgE and positive
skin prick test as well as positive intradermal test have
been demonstrated in some cases, suggesting an IgE-
mediated mechanism (Laxenaire et al. 1994).

In a prospective multicenter trial, 69 cases of nonal-
lergic anaphylaxis were observed among 200,906 infu-
sions of colloid volume substitutes. The frequency of
severe reactions such as shock, cardiac, or respiratory
arrest was 0.003% for plasma-protein solutions,
0.006% for hydroxyethyl starch, 0.008% for dextran,
and 0.038% for gelatin solutions (Ring and Messmer
1977).

4.8.8
Blood Products

A systemic reaction following transfusion of properly
matched blood is related to a deficiency of IgA; this in
turn is due to either selective IgA immunodeficiency,
affecting approximately 1 in 600 individuals in the
Western world, or due to common variable immunode-
ficiency (1 in 25,000 Caucasians) (Hammarstrom et al.
2000). A systemic anaphylactic reaction to blood trans-
fusion is triggered by IgE and IgG antibodies to IgA in
some IgA-deficient recipients (type III hypersensitivity
reaction). These reactions are very rare, estimated to
occur in 1 in 20,000–47,000 transfusions. The diagno-
sis is established by detecting an anti-IgA antibody in
the patient’s serum (Sandler et al. 1995). Nevertheless,
no exact level of antibodies has been defined that will
predict the risk of anaphylaxis due to blood products.

Treatment of all anaphylactic/anaphylactoid reac-
tions to perioperative drugs and infusions is recom-
mended according to the guidelines (see Sect. 4.5; Ta-
bles 4.4, 4.5, 4.8). There are no special recommenda-
tions beyond these.

4.9
Latex Allergy: Diagnosis and Management

Natural rubber latex is a ubiquitous component of
modern life. It consists of proteins from the sap of the
Hevea brasiliensis tree. Anaphylaxis to latex is one of
the most feared and frequent anaphylactic reactions
during surgery and medical procedures, and the num-
ber of reactions are increasing. In the year 2000, reac-
tions to latex accounted for 16.6% of anaphylactic reac-
tions during surgery.

The populations who are at risk for anaphylaxis to
latex are as follows:

) Individuals with a genetic predisposition (atopic
individuals)
) Individuals with increased previous exposure to

latex (e.g., anyone who requires chronic bladder
care with repeated insertion of a latex catheter or
chronic indwelling catheters, children with spina
bifida and meningomyelocele)
) Healthcare workers who are exposed to latex main-

ly by inhalation
) In some cases, patients who have undergone multi-

ple surgical procedures

The incidence of latex sensitivity in the general popula-
tion ranges from 0.8% to 6.5%. The two main risk
groups for latex allergy are physicians and nurses, with
an incidence of 7% to 18%. The highest incidence of la-
tex sensitivity has been reported for patients who re-
quire chronic bladder care, e.g., children with bladder
exstrophy, spina bifida, or meningomyelocele, who
have a risk as high as 72% (Ricci et al. 1999; Taylor and
Erkek 2004; Chiu and Kelly 2005).

There are two types of allergic reactions: The delayed
hypersensitivity (type IV), which is seen usually in form
of a dermatitis reaction. It is a cell-mediated reaction
which develops 24–48 h after exposure and can be diag-
nosed by patch testing. Immediate hypersensitivity
(type I) is the more dangerous type of allergy, and its in-
cidence has been rapidly increasing over the last two de-
cades. It represents a latex protein-specific IgE-mediated
hypersensitivity with a clinical manifestation ranging
from contact urticaria to fatal anaphylactic shock (Tay-
lor and Erkek 2004). Exposure to latex antigen can occur
by cutaneous (latex gloves), respiratory (opening latex
gloves in the operating room), mucosal (gynecological
examination with latex gloves), and parenteral routes
(i.v. medication with latex-containing infusion sets),
with the latter two having the highest risk of anaphylaxis.

There are allergic cross-reactions in patients with
fruit or food sensitivities to avocado, banana, chestnut,
potato, tomato, passion fruit, and kiwi (Taylor and Er-
kek 2004). Therefore, a preexisting fruit allergy may be
an additional risk factor for clinically relevant latex al-
lergies.
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A diagnostic evaluation is recommended for high-
risk patients (e.g., children with urological malforma-
tions), and for anyone with a history of urticaria or an-
gioedema of the lips when inflating balloons or with
itching or contact urticaria when donning gloves, a la-
tex allergy should be suspected. This evaluation should
become more comprehensive as needed.

Latex-specific IgE antibodies in serum can be dem-
onstrated in vitro and quantified with RAST or ELISA.
Currently, there are three FDA-approved in vitro sero-
logic assays for the diagnosis of latex allergy available
on the market (ImmunoCAP, Pharmacia-Upjohn, Swe-
den; AlaSTAT FEIA, Diagnostic Products Corp., Los
Angeles, CA, USA; HYTEC EIA, Hycor Biomedical Inc.,
Garden Grove, CA, USA). All of them have a relatively
high rate of false-negative results. Further disadvan-
tages are the costs, delayed results, low sensitivity, and
accessibility compared to in vivo tests. However, serol-
ogy should be the initial diagnostic step for suspected
latex allergy because it is safer than in vivo tests.

The skin prick test is the gold standard. It is easy to
perform and provides immediate results (5–30 min).
Sensitivity is highly influenced by the quality of the la-
tex extract used, but can be as high as 87%. Additional-
ly, at 66% the specificity of the skin prick test is higher
than the in vitro tests (RAST, ELISA). There is a stan-
dardized commercial skin prick test kit available in Eu-
rope (Stallergenes SA, Antony, France), but so far no
FDA-approved test is available.

The skin prick test as an in vivo test is comparable to
a small-scale provocation test. Therefore it should be
performed by experienced staff and with oxygen, epi-
nephrine, and latex-free resuscitation equipment at
hand. Because of rare anaphylactic reactions to the
prick test, the in vitro diagnostic work-up should be
performed prior to the prick test.

Another possibility is a provocation test by wearing
a latex glove. This may be employed when there is a dis-
crepancy between prick test or specific IgE results and
clinical history. It begins as a one-finger test, and ex-
tended to a whole-hand test if there is no urticarial re-
action after 20 min. Nonlatex vinyl gloves are used as a
control. The testing staff has to be aware of the possibil-
ity of sudden anaphylactic reactions.

Corticoids and H1 and H2 antagonists can be used
to pretreat patients with known latex allergy prior to
medical procedures. However, pretreatment is not very
effective in preventing reactions to latex, unlike preven-
tion measures for reactions to contrast media. There-
fore, the most important factor is avoiding exposure to
the allergen. This means taking a thorough patient his-
tory, testing for latex allergy in high-risk patients, pre-
admission measures, and establishing a latex-free envi-
ronment while the patient is hospitalized, particularly
in the operating and recovery rooms (Lieberman 2002).
The charts of latex allergic patients should be labeled,

and surgery should be scheduled as the first case of the
day to reduce exposure to the aerosolized latex aller-
gens. Latex-free equipment should be stored separate-
ly: nonlatex gloves, glass syringes, nonlatex tape, syn-
thetic catheters and tubes, latex-free blood pressure
cuffs, and three-way stopcocks for i.v. administration
of medication.

Allergic reactions to latex are treated in a manner
that is analog to all other anaphylactic reactions (com-
pare treatment recommendations in Tables 4.4, 4.5, and
4.8).
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5.1
Definition

Urosepsis is caused by the invasion, from a focus in the
urinary tract, of pathogenic or commensal microor-
ganisms, or their constituents into the body, prompting
a complex response by the synthesis of endogenous
mediators responsible for the clinical phenomena (Di-
narello 1984; Van Amersfoort et al. 2003). Progress of
sepsis to severe sepsis and septic shock correlates with
an increased risk of death.

5.2
Epidemiology of Sepsis

US data demonstrate an incidence of sepsis of approxi-
mately 750,000 cases/year, responsible for up to 250,000
deaths/year in the United States. In relation to the
whole population, a yearly incidence of 3 cases per
1,000 persons and of 26 cases per 1,000 persons in the
elderly population (older than 65 years) is reported. In
approximately 50% of cases, sepsis arises from the uri-
nary tract (Bernard et al. 2001; Hotchkiss and Karl
2003; Russell 2006; Van Amersfoort et al. 2003).

5.3
Etiology of Urosepsis

Urosepsis is caused by Gram-negative bacteria (e.g.,
Escherichia coli, 52%; other Enterobacteriaceae spp.,
22%, Pseudomonas aeruginosa, 4%), Gram-positive
bacteria (e.g., Enterococcus spp., 5%, Staphylococcus
aureus, 10%), and other pathogenic bacteria in noso-
comial urosepsis (1% of all cases) (multidrug resistant
bacteria, e.g., Pseudomonas aeruginosa).

5.4
Pathophysiology

Sepsis is caused by the invasion of intact pathogenic or
commensal bacteria or bacterial cell wall constituents,
especially lipopolysaccharides (LPS), in particular li-
poid A = endotoxin of the outer membrane of Gram-
negative bacteria, or peptidoglycan, teichoic and lipo-
teichoic acids of Gram-positive bacteria, or toxins, e.g.,
toxic-shock-syndrome-toxin 1 and Staphylococcus au-
reus toxin A. They bind to cellular receptors and co-re-
ceptors, e.g., CD14, toll-like receptors TLR2 and TLR4,
CD18 ( q 2 integrins), and selectins, on the surfaces of
monocytes/macrophages, neutrophils, and endothelial
cells. Via intracellular signaling molecules, e.g., NF-κB
and protein kinase C, they activate the transcription of
mediator genes to induce the synthesis and release of
numerous endogenous mediators, i.e., cytokines such
as interleukin (IL)-1, IL-2, IL-4, IL-6, IL-8, IL-10, tumor
necrosis factor (TNF), and platelet-activating factor
(PAF). These pro-inflammatory and anti-inflammatory
mediators often originate in an inflammed local site.
They are formed and released with various kinetics.
They act in part synergistically and in part antagonisti-
cally, mainly via additional mediators (chemokines,
prostaglandins, thromboxanes, leukotrienes, and en-
dogenous vasodilators nitric oxide [NO]), on target or-
gans, and are responsible for a plethora of local and
systemic effects in the host organism (Bernard et al.
2001; Dellinger 2003; Gerard 2003; Gogos et al. 2000;
Hotchkiss and Karl 2003; Russell 2006; Van Amersfoort
et al. 2003; Wilson et al. 1998).
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