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CHAPTER ONE
SHOCK

Learning Objectives

At the end of this chapter, each student should be able to:

e State the clinical definition of shock
e List the chief characteristics and causes of all types of shock
e Describe the clinical symptoms and signs that are indicative of shock

e List the immediate treatment measures to prevent complications

Introduction

Shock is a life-threatening condition which occurs when the circulatory system fails to deliver
oxygen and nutrients to the body tissues and becomes unable to remove waste products
from the body. It is a descriptive term based on the symptoms and signs secondary to one or
more of a wide range of problems. If not recognized and corrected as early as possible,
shock may rapidly progress to an irreversible state with subsequent multi-organ failure and
death.

DEFINITION

Shock is defined as a pathological state causing inadequate oxygen delivery to the
peripheral tissues and resulting in lactic acidosis, cellular hypoxia and disruption of normal

metabolic condition.

CLASSIFICATION

Shock is generally classified into three major categories:
1. Hypovolemic shock
2. Cardiogenic shock
3. Distributive shock
Distributive shock is further subdivided into three subgroups:
a. Septic shock
b. Neurogenic shock

c. Anaphylactic shock

Hypovolemic shock is present when marked reduction in oxygen delivery
results from diminished cardiac output secondary to inadequate vascular volume.

In general, it results from loss of fluid from circulation, either directly or indirectly.



e.g. = Hemorrhage
= Loss of plasma due to burns
= Loss of water and electrolytes in diarrhea
= Third space loss (Internal fluid shift into inflammatory exudates in

the peritoneum, such as in pancreatitis.)

Cardiogenic shock is present when there is severe reduction in oxygen delivery
secondary to impaired cardiac function. Usually it is due to myocardial infarction

or pericardial tamponade.

Septic Shock (vasogenic shock) develops as a result of the systemic effect of
infection. It is the result of a septicemia with endotoxin and exotoxin release by
gram-negative and gram-positive bacteria. Despite normal or increased cardiac
output and oxygen delivery, cellular oxygen consumption is less than normal due

to impaired extraction as a result of impaired metabolism.

Neurogenic shock results primarily from the disruption of the sympathetic
nervous system which may be due to pain or loss of sympathetic tone, as in

spinal cord injuries.

PATHO PHYSIOLOGY OF SHOCK

Shock stimulates a physiologic response. This circulatory response to hypotension is to

conserve perfusion to the vital organs (heart and brain) at the expense of other tissues.

Progressive vasoconstriction of skin, splanchnic and renal vessels leads to renal cortical

necrosis and acute renal failure. If not corrected in time, shock leads to organ failure and

sets up a vicious circle with hypoxia and acidosis.

CLINICAL FEATURES

The clinical presentation varies according to the cause. But in general patients with

hypotension and reduced tissue perfusion presents with:

Tachycardia

Feeble pulse

Narrow pulse pressure

Cold extremities (except septic shock)
Sweating, anxiety

Breathlessness / Hyperventilation

Confusion leading to unconscious state



Summary: Clinical features of hypovolemic shock in adults with estimated volume loss.

Estimated blood loss 750-1500ml 1500mI-2000ml >2000 mi
Blood pressure Normal Reduced Severely Reduced
Pulse rate >100/min >120/m >140/m

very feeble
Capillary refill Slow Slow Undetectable
Respiratory rate 20-30/m 30-40/m >35/m
Urinary flow rate 20-30/hr 10-20/hr 0-10/hr
(Normal: 30-60 ml/hr or 0.5-
Iml/kg/hr)
Mental state(CNS) Anxious confused Lethargic, comatose

MANAGEMENT OF SHOCK

Treatment is aimed at restoring oxygen delivery to the cells of vital organs as rapidly as

possible. The management depends on the cause and type of shock.

General Management

e Monitor the airway, breathing and circulation as first priority

e Stop bleeding

¢ Fluid resuscitation, preferably crystalloids

e Head down position

e Treat the cause

e Transfusion of compatible blood if indicated

e Oxygen and other supportive measures like inotropic agents

e Monitoring of resuscitation effectiveness: e.g. determine hourly urine output,

blood pressure and pulse rate

Specific Management

Hypovolemic Shock: The goal of treatment is to restore vascular volume. This is

effected by:

= General approach as above

* Fluid and blood replacement

= Oxygen support etc.




Septic Shock
= [Initial management as above
= Appropriate antibiotics especially for gram-negative microorganisms
= |notropic support such as adrenaline and dopamine
= Surgical eradication of the infection focus
Cardiogenic shock
= |nitial management as above
= |notropes
» Treat the causes
= Etc.
Neurogenic shock
= |nitial management as above
*  Pain relief

= Treat the causes, give supportive measures like inotropic support

COMPLICATIONS OF SHOCK

The main complications of severe shock include:
1. Shock lung (ARDS)

Acute renal failure

Gastrointestinal ulceration

Disseminated intravascular clotting

Multiorgan failure

Death

S

Therefore, a patient in shock requires immediate emergency treatment. Early diagnosis and

immediate correction of shock prevents permanent organ damage and death.



CHAPTER TWO
FLUID AND ELECTOLYTES

Learning Objective
At the end of this chapter, the learner should know:

e The anatomy and physiology of body fluids and electrolytes
¢ The common fluid and electrolyte changes, their causes and management

¢ The common acid base imbalances and their treatment

Introduction

Knowledge about fluid electrolyte and acid base changes and their management is basic to
the care of the surgical patient. Many disease processes result in changes that could result
in rapid deterioration of the patient and death. Anyone caring for surgical patients should
have a basic knowledge of fluid, electrolyte, acid and base disturbances, as well as their

causes and their management.
DEFINITIONS

Moles or millimoles: number of particles present per unit volume
Equivalents or milliequivalents: number of electric charges per unit volume.
Osmoles or milliosmoles: number of osmotically active particles or ions per unit volume.

A mole of a substance is the molecular weight of that substance in grams. An equivalent of
an ion is its atomic weight expressed in grams divided by the valence. In case of univalent
ions, one milliequivalent (meq) is the same as one millimole. In case of divalent ions such as
calcium or magnesium, one mole equals two meq. When the osmotic pressure of a solution

is considered, it is more descriptive to use units of osmole or milliosmole.

These units refer to the actual number of osmotically active particles present in solution but
they are not dependent on the chemical combining capacities of the substances. Thus, a
millimole of sodium chloride which dissociated into sodium and chloride contributes 2

milliosmole.
NORMAL DISTRIBUTION OF BODY FLUIDS

Total body water

The total body water constitutes 50 — 85% of total body weight depending on age and lean

body mass (muscle mass). In regard to this, 55% - 60% of body weight for a 70 Kg young



man is water. Females have lower body water (45 —60%) because of the high fat content of

their body. The total body water in neonates is 80%-85%, which is higher than in adults.

Total body water is further divided into two:
1. Intracellular fluid, comprising 2/3 of total body water
2. Extra cellular fluid, comprising 1/3 of total body water. The extra cellular fluid is
sub divided into Intravascular (plasma) comprising 2/3 of extra cellular fluid and

Interstitial which comprises 1/3 of extra cellular fluid.

N.B. Physiologically all compartments of body water are interdependent.

CHEMICAL COMPOSITION OF BODY FLUID COMPARTMENTS

CATIONS ANIONS CATIONS ANIONS CATIONS ANIONS

154meq/l 154 meg/L 200 meq/L 200 meq/L 154meq/I 154 meqg/L
103 NA+ 144 |[cL 114 K+ 150 HPO,=

NA " 142 |HC3- 27 HCO3- 30 So,= 150
SO4- 3 SO4- 3
PO4° PO4- Mg ++ 40 [HCOc;- 10

k+ 4 |ORGANIC K+ Organic

cat++ 5 |ACID 5 Cat+ 3 Acid 5 Na+ Protein 40

Mg ++ 3 |Protein 16 Mg ++ protein 1

Plasma Intracellular fluid Interstitial fluid

AVERAGE DAILY WATER EXCHANGE

Out put Urine: 1500 ml
Insensible loss: 1000 ml (up to 1700 in hot climate)
Stool: 200 ml
Total: 2700-3400ml
Intake Endogenous: 200 ml (from oxidation of ingested food.)
Net requirement: 2500-3200

N.B: A minimum urinary output of approximately 400 ml in 24 hours is required to excrete
the end products of metabolism.



Commonly available replacement fluids

lons

(millimol per liter)

Carbohydrate

(gram per liter)

Used for replacement of

5% glucose in water
(D/W)

Fluid Na* CI Ka"

Physiologic saline 154 154 O 0 Blood/ extra cellular fluid loss
( Normal saline)

Hartmann’s solution 131 112 5 0 Blood, intracellular fluid loss
( Ringer’s lactate)

(Contains lactate and

calcium) 0 0 0 50 Maintenance and for medication

DISTURBANCES OF FLUID AND ELECTROLYTES

CLASSIFICATION

Disturbances in body fluids can be classified into three:

e Disturbance in fluid volume

e Disturbance in composition

e Disturbance in acid base balance

DISTURBANCE IN FLUID VOLUME

Volume deficit

Extra cellular fluid (ECF) volume deficit is the most common fluid volume disorder in the

surgical patient. The lost fluid is not water alone, but water and electrolytes in approximately

the same proportion as they exist in normal extra cellular fluid.

Causes

o Losses of gastro-intestinal fluids: e.g. vomiting, gastric tube, diarrhea and entero-

cutaneous fistulas

e Sequestration or loss of fluid in soft tissue injuries and infections such as burns

e Intra-abdominal and retroperitoneal inflammatory processes such as peritonitis,

intestinal obstruction, etc.




Clinical feature
Depends on the severity of fluid loss
Moderate (5-10%): sleepiness, orthostatic hypotension
Severe (more than 15%): signs of hypotension, stupor or coma, sunken eye balls,
dry oral mucosa and tongue, poor skin turgor and decrease in body
temperature.

Treatment
Placement of extra cellular loss with fluid of similar composition:
Blood loss: Replace with Ringer's Lactate, Normal Saline or Blood, if needed

Extra cellular fluid: Replace with Ringer’s Lactate, Normal Saline

Rate of fluid replacement
The Rate depends on the degree of dehydration. It should be fast until the vital signs
are corrected and adequate urine output is achieved. One liter over 30 minutes to one

hour can be given for severe dehydration.

Monitoring
The general condition and the vital signs of the patient should be followed.
The urine out put should be monitored hourly.

Auscultate the chest to follow overload especially in children and the elderly.

Volume Excess
Extra cellular fluid volume excess is generally iatrogenic or secondary to renal insufficiency,
cirrhosis, or congestive heart failure.

Clinical feature
Subcutaneous edema, basilar rales on chest auscultation, distention of peripheral veins, and
functional murmurs may be detected. Children, the elderly, patients with cardiac or renal

problems are at increased risk of dangers of fluid replacement.

Treatment
= Stop IV fluids (Fluid restriction)

= Diuretics: e.g. frusemide

DISTURBANCE IN ELECTROLYTES

Even though there can be disturbance in any of the electrolytes, the most commonly

encountered ones are discussed here.



Sodium (Na")

¢ Itis the most abundant caution of the extra cellular fluid

e After trauma and surgery, there is a period of shut down of sodium excretion for up to
48 hours. During this period, it may not be advisable to administer large quantities of
isotonic saline.

e The concentration of serum sodium is not related to the volume status of extra-
cellular fluid. A severe volume deficit may exist with a normal low or high serum level.

e Daily requirement of sodium is one millimol/kg. The excretion of sodium by the

kidneys is under the control of aldosterone.

Sodium depletion (Hyponatremia): Na+ less than 130 milliequivalent/liter
Hyponatremia can be associated with
1. Volume depletion, sodium and water depletion. Most frequent cause of sodium
and water depletion in surgery is small intestinal obstruction. Duodenal, Biliary,
pancreatic and high intestinal fistula are also causes of hyponatremia.
2. Water intoxication with excess volume and edema, over-prescribing of

intravenous 5% D/W and colorectal washouts with plain water

Clinical feature
It can present with signs and symptoms of either fluid excess or fluid overload

depending on the primary cause.

Laboratory:

Serum sodium and other electrolytes, hematocrit drops

Treatment
Ringer’s Lactate or Normal Saline In cases of volume depletion.

Fluid restriction and sodium sparing diuretics In case of fluid excess.
Sodium Excess (Hypernatremia): Na+ more than 145 mmol

Causes
=  Excessive water loss in burns or sweating, insensible losses through the lungs.
=  Excess amount of 0.9% saline solution is given IV during the early operative period

where there is some degree of retention of sodium.

Clinical feature

Depending on the cause it can be of fluid excess or fluid deficit.

Treatment

5% D/W can be infused slowly



Potassium (K)
Potassium is the most abundant intracellular cation. 98% of potassium is found intracellular
with % of the total body potassium in skeletal muscles. The average daily requirement is 1

mmol/kg.
Potassium depletion (Hypokalemia): K + less than 3.5 millimol

Causes
1. Loss in gastrointestinal secretions such as vomiting in GOO or diarrhea
2. Movement of potassium into cells e.g. in alkalosis
3. Prolonged administration of potassium free parenteral fluids with continued
obligatory renal loss of potassium

4. Excessive renal excretion — e.g. Diuretic use.

Clinical features
Most patients are asymptomatic. Clinical symptoms and signs such as listlessness,
slurred speech, muscular hypotonia, and depressed reflexes are presenting features.

Abdominal distention results due to paralytic ileus.

Treatment
= QOral potassium in the form of milk, meat extracts, fruit juices, honey and KCI tablets
= 40 mmol KCI IV added to 1 liter of fluid run over 6 -8 hours. Never directly IV.
= Correct the underlying cause
N.B.:- Administration should be properly controlled, the level of potassium should be
checked daily and the urine out put must be adequate.

Potassium Excess (Hyperkalemia): K + more than 5 mmol
Significant quantity of intracellular potassium is released into the extra cellular space
in response to severe injury, surgery, acidosis and a catabolic state. A significant rise
in serum potassium concentration may occur in these states in the presence of
oliguric or anuric renal failure. A renal insufficiency with hypoaldosteronism can

cause hyperkalemia.

Clinical features
Nausea, vomiting, intermittent intestinal colic and diarrhea are the presenting
pictures. Cardiovascular signs are apparent on ECG with high peaked T waves,
widened QRS complex and depressed ST segment. Disappearance of T waves,

heart block and cardiac arrest may develop with increasing levels of potassium.

10



Treatment
Measures to reduce K" level:
. Administration of bicarbonate and glucose with insulin. 10 to 20 units of regular
insulin and 25 to 50 g of glucose can be used.
" 10 ml of 10% calcium gluconate to suppress the myocardial effect
" Enteral administration of cation exchange resign (Kayexalate).
" Dialysis

. Avoid exogenous potassium

Calcium (Ca++)

Normal serum level is 8.5 to 10 .5 mg/dl. An increase in pH causes a fall in the ionized

proportion of calcium. Calcium imbalance is not frequently encountered.

Hypocalcaemia (serum level below 8mg/dl)
Common causes include:
Hypoparathyroidism after thyroid surgery
Acute pancreatitis
Massive soft tissue infection (necrotizing fascitis) and
Pancreatic and small bowel fistulas
Clinical feature
Latent hypocalcemia: Positive Chovestek’s and Trousseu’s sign.
Symptomatic: Numbness and tingling, hyperactive tendon reflexes, muscle and

abdominal cramp, tetany with carpopedal spasm and convulsions.

Treatment
IV Calcium gluconate (10ml of 10% solution over 10 minute) or calcium chloride.

Calcium lactate may be given orally with or without Vitamin D.

Hypercalcaemia (serum calcium over10.5mg/dl)
Hypercalcaemia occurs with hyperparathyroidism, Vitamin D intoxication, cancer and

prolonged immobilization. It is uncommon in surgical patients.

Clinical feature
Most are asymptomatic. Symptoms can include fatigue, lassitude, weakness of varying
degree, anorexia, nausea and vomiting. Other symptoms include severe headaches,

pain in the back and extremities, thirst, polydypsia and polyuria.

11



Treatment
A serum level of calcium of 15 mg/dl or higher requires emergency treatment.
= Vigorous volume repletion with salt solutions.

= Oral or IV inorganic phosphate or mithramycin.

ACID - BASE BALABCE
Normally, the blood pH lies within the range of 7.36-7.44. The control of this tight balance is
accomplished by:
¢ Blood buffer:- which includes the bicarbonate and carbonic acid, phosphates ,serum
proteins and meth-hemoglobin( play a greatest role from the blood
buffers)
e The lung:- excretes acid(CO,)
e Kidney :- the ultimate organ to maintain imbalance to near normal by its capacity to

excrete both acid and base.
Alkalosis (accumulation of Base or loss of acid)
Metabolic Alkalosis

Causes
o Loss of acid from the stomach by repeated vomiting or aspiration
o Excessive ingestion of absorbable alkali
e Hypokalemic alkalosis in patients with pyloric stenosis: potassium loss due to

repeated vomiting.

Clinical Features
e Cheyne-stokes respiration with periods of apnea

e Tetany sometime occurs.

Treatment
¢ Repletion of volume + potassium (check urine output )
e Use of 0.1 N or 0.2 N HCI is also effective in treatment of resistant metabolic

alkalosis.
Respiratory Alkalosis (PCO2 below the normal range of 31 — 42 mmHg)

Causes

Most common cause is excessive pulmonary ventilation by anesthetized patients in surgical
practice. It can also be caused by hyperventilation due to severe pain, hyper pyrexia and
high altitude.
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Clinical Features
The dangers of a severe respiratory alkalosis are those related to potassium depletion and

include the development of ventricular arrhythmias and fibrillation.

Treatment

Can be corrected by breathing into a plastic bag, or insufflation of carbon dioxide.
Acidosis (accumulation of acid or loss of base)
Metabolic Acidosis

Causes

Increase in fixed acids due to:
e Anaerobic tissue metabolism (shock, infection, tissue injury)
¢ Retention of metabolites in renal insufficiency
e Formation of ketone bodies in diabetes or starvation

Loss of bases in:

= Chronic diarrhea, gastro colic or high intestinal fistula, excess intestinal aspiration

Clinical Features
Besides signs and symptoms of the primary etiology like shock and infection,

rapid, deep, noisy breathing is found. The urine becomes strongly acidic.

Treatment
= Tissue hypoxia should be treated by reperfusion
= Sodium bicarbonate can be given where bases have been lost or where the

degree of acidosis is so severe that myocardial function is compromised.
Respiratory Acidosis

Causes
Impaired alveolar ventilation due to:
- Airway obstruction
- Thoracic and upper abdominal incisions, abdominal distention in ileus
- Pulmonary diseases (pneumonia, atelectasis especially post operative

- Inadequate ventilation of the anesthetized patient

Clinical Features
Restlessness, hypertension and tachycardia may indicate inadequate ventilation with

hypercapnia.
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Treatment

= Must focus on relieving the primary cause.

= Relieving airway obstruction, adequate analgesia, and draining pleural effusion are

some of the definitive measures.

» Intubation and mechanical ventilation may be used in severe cases.

ACID BASE BALANCE SUMMARY

Type of
Acid-Base

Disorder

Defect

Common Causes

Compensation

Respiratory

Retention of

Respiratory center

Renal

Gain of base
bicarbonate
Potassium

depletion

(pyloric obstruction)
Excessive bicarbonate
intake

Diuretics

acidosis CO2 depression: morphine, Retention of bicarbonate,
(Decreased CNS injury, excretion of acid salts,
alveolar Pulmonary disease: increased ammonia
ventilation) emphysema, pneumonia formation
Chloride shift into red cells
Respiratory Excessive Hyperventilation: Renal
alkalosis loss of CO2 Emotional Excretion of bicarbonate,
(increased Severe pain decreased excretion of acid
alveolar Assisted ventilation slats decreased ammonia
ventilation) Encephalitis formation
Metabolic Retention of Diabetes, Pulmonary (rapid)
acidosis fixed acids or | Azotemia, Increased rate and depth of
Loss of base | Lactic acid accumulation, breathing
bicarbonate Starvation. Renal (slow)
Diarrhea, As in respiratory acidosis
Small-bowel fistula
Metabolic Loss of fixed | Vomiting Pulmonary (rapid)
alkalosis acids Gastric suction Decrease rate and depth of

breathing
Renal (slow)

As in respiratory alkalosis
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Review Questions

1. What types of acids base balance and electrolyte changes will a patient with GOO

have? Which kind of fluid will you use for resuscitation?

2. What is the role of the kidney in electrolyte and acid -base balance?
3. What are the buffer systems of the body? Which is the most rapid one?
4, Outline treatment of a patient with metabolic acidosis
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CHAPTER THREE
BLOOD TRANSFUSION

Learning objectives

After reading this chapter students should be able to:
1. Identify indications for blood transfusion
2. Mention types of blood component therapy

3. Know blood transfusion reactions and their preventions

Definition
Blood transfusion is the procedure of introducing the blood of a donor, or pre-donated blood

by a recipient into the recipient’s bloodstream.

Indications for blood transfusion
The need for blood transfusion in patients with acute hemorrhage is based on
e The volume lost
e The rate of bleeding
e The hemodynamic status of the patient; hematocrit may be normal if determined.
e A patient with acute blood loss of more than 2000ml certainly requires replacement of
blood. It must be remembered that crystalloid infusions should be provided while the

blood compound is obtained.

For patients with chronic blood loss or chronic anemia replacement of blood (RBC) should
be based on the hematocrite level. The optimal hematocrite is considered to be in the range
of 30%. But patients with chronic anemia (e.g. renal failure) seem to tolerate hematocrite as
low as 18%-20%. Symptomatic patients exhibiting air hunger, dizziness, significant

tachycardia or cardiac failure should, of course, be transfused.

Component therapy is indicated when specific factor deficiencies are demonstrated. For

instance, factor VIII concentrates is the preferred mode of therapy for classic hemophilia.
Compatibility tests

If administrated blood is incompatible with the patients own blood, life threatening reactions
may result. Blood banks routinely test for incompatibilities of the ABO and RH systems.
Cross matches allow for detection of rare antibodies (e.g. kell, duffy, kidd) that are not
detected in ABO and RH tests. Group-A contains anti-B antibodies, Group-B contains anti-A

antibodies, Group-O contains anti-A and anti B antibodies. AB-group can receive any blood.
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Blood prepared after a full typing and cross match can be transfused safely in 99.95%
cases. In some instances when fully cross- matched compatible blood is depleted or
unavailable; type specific or O negative blood should be given. Type O Rh negative blood
can be transfused without lysine the recipients blood.. Irregular recipient antibodies cannot
be detected and extra vascular hemolysis can also occur. Overall, O negative blood, if

randomly transfused, has a serologic safety of about 99.8%.
Component therapy

Treatment of specific hematologic abnormality often requires only a single component of
whole blood. For example, factor VIII for classic hemophilic or platelet transfusion for
patients with bone marrow suppression. Blood banks reduce the whole blood received from
donors to a variety of components. The available products include whole blood, red blood

cells, white blood cells, platelet concentrates and plasma in several forms.
Cellular component

Whole blood

This is collected in citrate phosphate dextrose- adenine solution (CPDA-) and contains 450
ml of whole blood and approximately 60ml of anticoagulant preservative. When it is used
within 24 hours it is considered fresh, whole blood and after this time it is referred to as
stored. Whole blood has a shelf life of 35 days. In acute massive hemorrhage transfusion

with one unit of whole blood raises the recipient’s hematocrite by 3%.
Packed RBC

These are the remains after the plasma has been separated from whole blood. One unit
raises the recipient’'s hematocrite by 3%. Packed RBC may be warmed to a temperature not

exceeding 37° ¢ before transfusion. The storage life of red blood cells is 35 days.
Platelet concentrate

Platelets are separated from one unit of blood and suspended in a small volume of the
original plasma. Depending on this technique, platelets may be stored for 3-7 days. One unit
of platelet concentrate contains about 5.5x10° platelets and increases the platelet count by
5000/ml. For a patient with platelet count below 25,000/mm?, 6-8 units are usually given.

Platelet concentrate must be administered through a special platelet filter.
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Plasma components

Fresh frozen plasma

This is anti-coagulated plasma separated from a person’s blood and frozen within 6 hours of
the time of collection. It may be stored up to 1 year. It contains all clotting factors and also

provides proteins for volume expansion.
Cryoprecipitate

This is a protein fraction removed from a unit of fresh frozen plasma that is thawed at 4°c.
This white precipitate is then removed and frozen. It has a shelf life of about 1 year. It

contains factor VI, fibrinogen and factor XIII. It is used for the treatment of:

= classic hemophilia,

= certain consumptive coagupathies such as DIC or

= Other clotting abnormalities with specific therapy commonly not available.
Albumin
This is a plasma component used for oncotic support and plasma expansion. Its
disadvantages are rapid excretion as well as expense.
Plasma protein fraction

Similar to albumin but contains additional protein molecules.
Complications and risks of blood transfusion

Hemolytic transfusion reactions

Intravascular hemolytic transfusion reactions; are potentially life threatening reactions that
can occur by blood transfusion. They are almost always due to incompatibility of the ABO
system involving the donor red blood cells and recipient plasma. These reactions are very

rare occurring in 1 out of 15,000 -20,000 transfusions.
Pathophysiology

During hemolytic transfusion reaction all donor cells hemolyze, leading to hemoglobinemia,
hemoglobinuria and renal failure. These reactions also activate the complement system with
subsequent release of vasoacative amines causing hypotension. Complement activation
also initiates the clotting mechanism which can produce intravascular thrombosis, DIC and

hemorrhage
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Clinical manifestation: Patient often experiences fever, chills and dyspnea.
Treatment

= Stop transfusion immediately

= Administration of fluids and diuresis with mannitol or frusemide

» Transfused blood with patients blood sample should be sent for analysis

= Sodium bicarbonate may prevent precipitation of hemoglobin in the renal tubules

= Steroids may ameliorate the immunologic consequences.

Transfusion reactions from mismatches involving the Rh system or minor antibodies usually
induce extravascular hemolysis, since these reactions occur slowly, serious complications

do not often develop.
Non-hemolytic transfusion reaction
Non-hemolytic reaction may occur after transfusions.

Febrile reaction: occurs in 0.5% -1% of all transfusions and is usually treated with

antipyretic drugs.

Allergic reaction: occurs in 2-3% of all transfusion and manifests by urticaria and
rashes. Antihistamins, steroids or epinephrine as indicated can accomplish

treatment.

Transmission of disease: With the exception of albumin and PPF, the use of all

blood products carries risk of transmitting infectious diseases. These include:
e hepatitis
e malaria

e Epstein- bar virus, cytomegalovirus, brucellosis, trypansomiasis and

other diseases potentially transmitted by blood transfusions

Of great concern these days is the risk of transmission of the HIV virus. It is required

to screen the donated blood using enzyme- linked immunosorbent assay (ELISA).
Other complications: Complications that can occur with massive transfusion include

¢ Citrate toxicity
e Acidosis

e Hyperkalemia

N.B:- As blood transfusion is accompanied by various complications mentioned above, the

decision to transfuse should only be made when it is believed to be life saving.
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Review Questions

1. What factors determine the need for blood transfusion in patients with chronic blood loss

or chronic anemia?
2. Enumerate the routine compatibility tests performed in blood banks.
3. List the cellular components of blood with their specific importance.

4. Outline the management principle of patients with hemolytic transfusion reaction.
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CHAPTER FOUR
PRE-OPERATIVE AND POS-TOPERATIVE CARE

Learning objectives

At the end of this chapter, students are expected to
o Be familiar with pre and post-operative care and complications
¢ Identify factors which make patients high risk for surgery
o Differentiate postoperative complications

e Manage commaon post operative complications
Introduction

In the management of patients with surgical procedures, the overall outcome of the
operation mainly depends on the pre-operative diagnosis and the surgical procedure. But in
addition to this, the patient’s pre-operative situation should be well evaluated so as to make
the patient able to withstand the stress of surgery. Factors which make the patient high risk
for surgery should be controlled as much as possible. Also, the patients’ postoperative
course highly depends on the postoperative care given, and anticipation with early diagnosis

and management of postoperative complications.
General consideration

Preoperative evaluation should include a general medical and surgical history, a complete
physical examination and laboratory tests. The most important laboratory tests are:

o Complete blood count

e Blood typing and Rh-factor determination

e Urinalysis

o Chest x-ray

Further laboratory tests should be performed only when indicated by the patients’ medical

condition or by the type of surgery to be performed.
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Assessment and Minimization of Surgical Risks
Cardiovascular System
Cardiac problems

The preoperative period is associated with significant cardiovascular stress. Patients with
heart disease should be considered high-risk surgical candidates and must be fully
evaluated.

o Patients with symptoms of previously undiagnosed heart disease (E.g. chest

pain, dyspnea, pretibial edema or orthopnea)

e Recent history of congestive heart failure

o Recent myocardial infarction

e Severe hypertension

e Varicose vein and deep venous thrombosis

Such patients should be evaluated with the assistance of medical or cardiology consultation.
The perioperative monitoring, induction, and maintenance techniques of anesthesia, and

post — operative care can be tailored to the specific cardiovascular diseases.
Pulmonary system
The following respiratory tract problems make patients high risk for surgery;

e Upper airway infections
e Pulmonary infections

e Chronic obstructive pulmonary diseases: chronic bronchitis, emphysema, asthma

Elective surgery should be postponed if acute upper or lower respiratory tract infection is
present. Pulmonary infections also predispose to postoperative bronchitis and pneumonia. If
emergency surgery is necessary in the presence of respiratory tract infection, regional
anesthesia should be used if possible and aggressive measures should be taken to avoid

postoperative atelectasis or pneumonia.
Renal system

Renal function should be appraised
o If there is a history of kidney disease, diabetes mellitus and hypertension
o If the patient is over 60 years of age

e If the routine urinalysis reveals proteinuria, casts or red cells

It may be necessary to further evaluate renal function by measuring creatinine clearance,

blood urea nitrogen and plasma electrolyte determination.
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Rheumatologic system

Anemia

Anemia affects the oxygen carrying capacity of the blood, which can complicate the stress of
surgery. Anemia in pre-operative patients is of iron deficiency type caused by inadequate
diet, chronic blood loss or chronic disease. Care must be taken to differentiate iron
deficiency anemia from other anemias. Iron deficiency anemia is the only type of anemia in
which stained iron deposit cannot be identified in the bone marrow. Megaloblastic, hemolytic
and aplastic anemia usually are easily differentiated from iron deficiency anemia on the
basis of history and simple laboratory examinations. Patients with iron deficiency anemia
respond to oral or parenteral iron therapy. In emergency or urgent cases, a preoperative

blood transfusion preferably with packed red cells may be given.
Thrombocytopenia

The normal platelet count ranges from 150,000 to 350,000/ml. In the patient with
thrombocytopenia but normal capillary function, platelet deficiency begins to manifest itself
clinically as the count falls below 100,000/ml. typical manifestations include

e Petechia

e Epistaxis in both sexes and

¢ Menorhagia in females of reproductive age

¢ Uncontrolled bleeding which could be intra or post-operative.

Treatment - treat the underlying cause and support with platelet transfusions and clotting

factors as necessary.
Endocrine system

Diabetes mellitus

Diabetics with poor control are especially susceptible to post-operative sepsis. Preoperative
consultation with an internist may be considered to ensure control of diabetes before, during

and after surgery.

In type - Il patients, avoid hypoglycemia by closely monitoring blood sugar on the day of
surgery, and possibly by not using the longer acting oral hypoglycemic agents -2 days before
operation. Insulin dependent diabetics with good control should be given half of their total
morning dose as regular insulin on the morning of surgery. This is preceded or immediately
followed by 5% dextrose solution intravenously to prevent hypoglycemia. Regular insulin
should then be given every 6 hrs based on plasma glucose level. Chronic medical conditions

associated with diabetes may also complicate the preoperative period, e.g. Hypertension,

25



myocardial ischemia which may be silent. These patients should have an extended cardiac

work up and receive metoclopromide as well as a non particulate antacid before surgery.
Thyroid disease

Elective surgery should be postponed when thyroid function is suspected of being either
excessive or inadequate. In Hyperthyroidism, The patient should be rendered euthyroid

before surgery if possible. This may take up to 2 months with anti-thyroid medications.

In hypothyroidism, thyroxin should be started before surgery if possible. In all cases,
treatment should be started with a very low dose of thyroid replacement to avoid sudden and
large workload on the myocardium. The usual tests of thyroid function include T3, T4, and
TSH levels.

In addition to the above discussed factors, there are issues which might need special
consideration in preoperative patients. The diagnosis of early pregnancy must be considered

in the decision to do elective major surgery in reproductive age female.

History of serious reactions or sickness after injections, oral administration or other uses of
substances like narcotics, anesthetics, analgesics, sedatives, antitoxins or antisera should

be sought.

The patients’ general hydration status should be assessed and made optimal. Nutritional

status of the patient also needs evaluation and correction.

After all this, prior to the operation, it is important to have an empty stomach because full
stomach can result in reflux of gastric contents and aspiration pneumonitis. In elective

surgery, patients should not eat or drink anything after midnight on the day before surgery.

Post-operative care, complications and their Treatment

Post-operative care

Post-operative care is care given to patients after an operation in order to minimize post
operative complications. Early detection and treatment of post operative complications is
possible if there is optimal care. Some of the care is given to all post operative patients,

while the rest are specific to the type of operation. Routine cares include:

Immediate care;

a. Vital sign checking

b. Chest auscultation

c. Input and output monitoring

d. Checking for bladder and abdominal distention
e. Potent analgesics for pain relief
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On subsequent post-operative days:
a. Oral intake can be started

b. Patients encouraged to ambulate
In the following sessions, we will focus on common postoperative complications.
Cardiovascular complications
Shock

Postoperative efficiency of circulation depends on blood volume, cardiac function,
neurovascular tone and adrenal secretions. Shock, or failure of the circulation, may follow:

= Excessive blood loss

= Escape of vascular fluid into the extra vascular compartments (“third spacing”)

= Marked peripheral vasodilatations

= Sepsis

= Adrenocortical failure

= Pain or emotional stress

= Airway obstruction

Treatment includes
=  Arresting hemorrhage
= Restore fluid and electrolyte balance
= Correct cardiac dysfunction
= Establish adequate ventilation
= Maintain vital organ function and avert adrenal cortical failure
= Control pain and relief apprehension

= Blood transfusion if required.
Thrombophlebitis
Superficial thrombophlebitis
It is usually recognized within the first few days after operation.
Clinical features

A segment of superficial saphenous vein becomes inflamed manifested by:
* Redness
» Localized heat
=  Swelling

= Tenderness
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Treatment includes
= Warm moist packs
= Elevation of the extremity

= Analgesics
Anticoagulants are rarely indicated when only superficial veins are involved.
Thrombophlebitis of the deep veins
Occurs most often in the calf but may also occur in the thigh or pelvis.
Clinical features

It may be asymptomatic or there may be dull ache or frank pain in the affected leg or calf.
The area may be tender and spasm felt in the same area. Examination may reveal slight
swelling of the calf. Dorsiflexion of the foot may elicit pain in the calf (Homan’s sign). Major

complication is pulmonary embolism.

Treatment
e Elevation of the limbs
¢ Application of full leg gradient pressure elastic hose

e Anticoagulants
Prevention: Early ambulation
Pulmonary embolism

Pre-disposing factors
= Pelvic surgery
=  Sepsis
=  Obesity
= Malignancy and

= History of pulmonary embolism or deep vein thrombosis

It usually occurs around the seventh to tenth post-operative day. The diagnosis should be

suspected if cardiac or pulmonary symptoms occur abruptly.
Clinical features

Patients with large emboli develop chest pain; severe dyspnea, cyanosis, tachycardia,
hypotension or shock, restlessness and anxiety. In small emboli, the diagnosis is suggested
by the sudden onset of pleuritic chest pain sometimes in association with blood-streaked
sputum, and dry cough may develop. Physical examination may elicit pleural friction rub, but

in many cases there are no classical diagnostic signs.
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Investigation

Chest X-ray- findings are pulmonary opacity in the periphery of the affected lung which is
triangular in shape with the base on pleural surface, enlargement of pulmonary artery, small

pleural effusion and elevated diaphragm. ECG may show characteristic changes.

Treatment
= Cardiopulmonary resuscitation measures
= Treatment of acid-base abnormality
= Treatment of shock. Immediate therapy with heparin is indicated even in the absence

of a definitive diagnosis.
Pulmonary Complications

About 30% of deaths that occur within six weeks after operation are due to pulmonary
complication. Atelectasis, pneumonia, pulmonary embolism and respiratory distress
syndrome from aspiration or sepsis, fluid overload or infection are the most common

pulmonary complications.
Atelectasis
Definition

Atelectasis is a pulmonary complication of early postoperative period. It is a condition

characterized by areas of airway collapse distal to an occlusion.
Predisposing factors

Include chronic bronchitis, asthma, smoking and respiratory infection. Inadequate immediate

postoperative deep breathing and delayed ambulation also increase the risk.

Clinical features
» Fever in the immediate post operative period
* Increased pulse and respiratory rate
= Cyanosis
= Shortness of breath

= Dull percussion note with absent breath sounds
Investigation

X-ray findings include patchy opacity and evidence of mediastinal shift towards the

atelectatic lung.
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Prevention and treatment
= Encourage to stop smoking
= Treat chronic lung diseases
= Postpone elective surgery in presence of respiratory tract infections
= Post operatively, encourage sitting, early ambulation and breathing exercise while
administering analgesics
» Intensive chest physical therapy

= Supplemental oxygen
Pneumonia and aspiration pneumonitis

Pneumonia may follow atelectasis or aspiration of vomits or other fluids. Preexisting

bronchitis also predisposes to this complication.

Clinical features
= Fever in the first few postoperative days
= Respiratory difficulty
= Cough becomes productive

» Physical examination may reveal evidence of pulmonary consolidation
Investigation
Chest-x-ray may show diffuse patchy infiltrates or lobar consolidation.
Prevention and treatment

Chance of pulmonary aspiration can be minimized by
- Fasting
- Naso-gastric tube decompression

If aspiration of gastric content occurs; an endotracheal tube should be placed and the air

way suctioned and lavaged.

Treatment of pneumonia includes:
= Deep breathing and coughing
= Change position frequently to encourage expectoration
» Broad spectrum antibiotics therapy should be instituted and revised as indicated by

subsequent sputum culture and sensitivity
Gastrointestinal complication
Paralytic lleus

It is a functional intestinal obstruction usually noted within the first 48-72 hours
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Clinical features
=  Abdominal distention
=  Absent bowel sounds

= Generalized tympanicity on percussion
Investigation
» Plain x-ray-generalized dilatation and gaseous distention of the bowel loops

Treatment
* NGT decompression

» Fluid and electrolyte balance
Post operative intestinal obstruction

Causes
= Peritonitis
= Peritoneal irritation

= Fibrinous adhesion

Clinical features
= Manifests between the 5" and 6" postoperative day
= Significant and protracted vomiting
= Crampy abdominal pain
» Focal typmpanicity of the abdomen on percussion

= Exaggerated bowel sounds
Investigation

Plain film of the abdomen usually reveals distension of a portion of small bowel with air fluid

levels.
Treatment

Vigorous hydration and careful electrolyte monitoring is needed. This often results in re-
alignments of the bowel loops and relief of the obstruction. Patient should be kept NOP and
NGT inserted for decompression. If the obstruction doesn’t respond within 48-72 hours, re-

operation is necessary.
URINARY TRACT COMPLICATIONS

Urinary retention

Urinary retention can follow pelvic operations and when spinal anesthesia is used. Inability of

the patient to void is often due to pain caused by using the voluntary muscles to start the
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urinary stream. The patient should be encouraged to get out of bed. Bladder drainage by

means of a urethral catheter should be instituted.
Urinary tract infection

Predisposing factors
»= Pre-existing contamination of the urinary tract

= Catheterization

Clinical presentation
e Fever
e Suprapubic or flank tenderness

¢ Nausea and vomiting
Investigation
-Urine analysis (pus or bacteria will be seen in the urinary sediments)

Treatment
= Increase hydration
= Encourage activity.
= After urine specimen is obtained for culture, appropriate antibiotic therapy should be

instituted
Wound complications
Wound infections
Pre disposing factors

= Age

= General health

= Nutritional status

= Personal hygiene habits
= Malignancy

= Poor surgical technique
Diagnosis: clinical

= Fever during the 4™ to 5" day

= Redness or indurations at operation site
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Treatment
= Sutures should be removed
= The wound should be explored and cultured
= Ample drainage should be established together with local wound care

= Appropriate antibiotics if systemic manifestations like fever are persistent.

Hematoma, Abscess and Seromas

These may occur either in the pelvis or under the fascia of abdominal rectus muscle. They
are suspected during falling of hematocrite in association with low-grade fever. Small
hematoma or seroma often resolve spontaneously, but some can become infected.
Ultrasonography is an excellent adjunct to physical examination. Drainage of infected

hematoma should be accomplished extraperitoneally.
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Review Questions

=

. What are the important components of preoperative patient evaluation?

N

. List important laboratory investigations which need to be done in almost all pre-operative

patients despite the specific diagnosis.

w

. What are the risks of untreated respiratory tract infection in surgery?

D

. Why is diabetes mellitus considered to be pre operative risk?

[

. About post-operative shock
a) List the causes, what is the commonest cause?
b) What are the clinical manifestations?.

c) What are the important measures to be taken to combat shock?
6. What is the most common cause of fever in the immediate postoperative period ?

7. Outline the care for an infected post-operative wound.
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CHAPTER FIVE
ASEPTIC AND ANTISEPIC TECHNIQUES

Learning Objectives

After reading this chapter, the student should know
1. The definition of the different terms used in asepsis and antisepsis
2. The properties of the most frequently used antiseptics and their use in surgical
and traumatic wounds.

3. How choose the most suitable antiseptics for his/her institution

Introduction

The most serious outcome (important factor) of impaired wound healing is infection.
Antiseptics and aseptic techniques are used in an attempt to prevent contamination to an
acceptable level making the wound less receptive to bacterial growth. It should be noted,
however, that the corner stones in decreasing wound infection are: gentle tissue handling,
sharp dissection, good homeostasis, and accurate apposition of wound edge without
tension. Proper wound debridement (wound excision) is vital in post traumatic wounds to

prevent infection.

Therefore, knowledge of aseptic and antiseptic techniques is very important for the medical
practitioner, be it in the ward, minor/major operation theaters or in the emergency out patient
department: this knowledge can help prevent infection, unnecessary morbidity and some

times mortality of patients.

DEFINITIONS

Aseptic technique: the prevention of microbial contamination of tissues and sterile

materials by excluding, removing or killing microorganisms

Disinfection: involves the killing or removal of sufficient microbes to render an inanimate

object safe for its intended purpose

Antiseptics: Chemicals which can be applied to living tissues to kill or inhibit the growth of

microbes.

Cross infection: the transfer of microbes in hospitalized patients to other patients.

36



Auto infection: infection caused by organisms already colonizing the patient’s body or in

septic lesions.

CHOICE OF ANTISEPTIC

The ideal antiseptic will have the following four properties

a.
b.

C.

The spectrum of activity would be broad

It would be resistant to inactivation by organic materials, such as blood & feces

There would be no toxicity or allergic reaction, and the antiseptic should be non —

staining

It would be inexpensive.

USE OF ANTISEPTICS AND ASEPTIC TECHNIQUES

Prevention of infection in surgical wounds

For prevention of infection in surgical wounds one has to identify the sources and routes of

infection. The source of infection in surgical wounds can be:

The patient

Staff (a healthy carrier, incubating an infectious disease or with overt clinical iliness)

The operation room

Occasionally instruments.

The routes of infection are

Personal contact: patient -to- patient, patient -to- staff, staff -to-patient

Airborne

Ward and OPD

Patient:-

Common organisms in the absence of infection are gram-positives like

Staphylococcus and streptococcus found on the skin resisting dryness. Gram-

negatives are not resistant and are not common causes in clean wounds.

Preventative Measures

Short hospital stay preoperatively

Shower a day before surgery

Treatment of any infectious site before surgery

Aseptic methods with sterile equipment for all procedures.

Special preparations e.g. bowel preparation for colonic surgery
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Staff:-

Preventative Measures to be taken

e Skin disinfection between contact with patients by detergent (soap and water)
in the wards or OPD and use of antiseptic in intensive care and neonatal
units.

e Treatment for identified carriers and full blown cases e.g. boils

e Prophylactic antibiotics when indicated
Operating Theater

Most bacteria infecting surgical incisions are implanted during the operation. Therefore strict

asepsis has to be maintained.

Staff
= Wear clean clothes, shoes or covers, mask and cap or hood beyond the green line
= Scrubbing up of all operating team before each operation for at least 5 minutes with
an antiseptic soap or detergent. To prevent skin damage, brushes should be used
only to clean under the nails. Finally, dry with sterile towel and apply 70% alcohol
or Povidone iodine if available.

= Put on sterile gloves and gowns in an aseptic manner

Patient
e Shave hair immediately before surgery
e Clean the operation field with antiseptic containing:
- Chlorohexidin and 2.5% lodine for adults
- 70% alcohol for children
- Podovine lodine for all ages if available

o Finally, cover with sterile drapes.
Operating Room

There are few bacteria in the air of an empty theatre but every individual liberates about
10,000 organisms