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Physiology of the postoperative patient
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INTRODUCTION The surgeon of today must understand the stress
physiologic responses of the patient who undergoes the major
surgical procedures carried out, especially in oncology, and
complicated benign cases in order to optimise their physiologic
responses with a common sense well balanced approach. The
many facettes of these physiologic responses presents a huge
challenge to the surgeon responsible. The real physiologic abi-
lity of each patient to respond to stress, cannot as yet be accu-
rately measured. We can fairly accurately measure their cardiac,
renal and pulmonary reserve. However many important func-
tions appear to be altered by genetically determined variants
exemplified by germline mutations in specific gene encoding,
and probably to some extent also by environmental factors.
Important clinical physiologic responses are l. the hyper dynamic
and hyper metabolic state, 2. muscle wasting, 3. glucose intoler-
ance, 4. fluid, electrolyte and protein movement, 5. pain and tem-
perature effects.

FACTORS THAT CAN BE DIRECTLY CONTROLLED OR INFLUENCED |.
Whole body oxygen, 2. whole body perfusion, 3. pain, anxiety,
4. body temperature, 5. glucose concentration, 6. extracellular
fluid electrolytes balance, 7. acid-base balance, 8. gut mucosal
integrity, 9. focal infection and bacteraemia, 10. wound healing
potential, 11. nutritional supply.

HYPER DYNAMIC AND HYPER METABOLIC RESPONSE
1. HEART - tachycardia, increased cardiac output,
decreased peripheral resistance;

2. REGIONAL BLOOD FLOW INCREASED (SURGICAL AREA) — (), deliv-
ery, 0, consumption, cellular activity, energy requirements

3. HYPER METABOLIC — C0, production, respiratory rate, energy
consumption
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4. GUT — increased blood flow, 0, utilization, energy utilization

5. KIDNEY
solute load excretion, drug excretion

increased blood flow, increase glomerular filtration,

MUSCLE WASTING In postoperative time energy increased
requirements and utilization is marked. Much of this energy is
supplied by muscle protein breakdown mostly in striated but
some in smooth muscle. Glucose and amino acids both are sup-
plied for wound healing and production of acute phase proteins
in the liver, The catabolic process with the subsequent release
of amino acids and other intracellular products results in mus-
cle wasting. Mild hypochloremia and a reduction in total body
potassium and magnesium with some metabolic alkalosis can
result from this process. Therefore nutritional support should
include potassium (100 meg/day or more) magnesium at least
30 mmol/day and trace minerals. Phosphate replacement may
be important to facilitate O, change, especially for patients
with a prolonged illness or heavy tumour burden.

Skeletal muscle contains approximately 80% total body free
amino acid pool. Intracellular concentration of amino acids are
30 times grater than plasma concentrations. A 70 kg patient
will have about 87 grams of free amino acid intracellular and
only 1.2 gm extracellular. Glutamine is a most important free
amino acid. It is only 5% of the cellular protein but is 60% of
the free amino acid pool. It is readily available for use at times
of demand (i.e. postoperative sepsis, starvation, etc.) A de-
crease in cellular glutamine occurs early in stress and becomes
less available as time of stress increases.

Glutamine and alanine comprise 70% of the amino acids
released from muscle to interstitial space for transport to liver,
kidney, gut. etc. The 2 amino acids are metabolized in liver to
glucose for energy. Urea is formed from this metabolic process
and is excreted by the kidney which produces an irreversible
loss of body nitrogen. Bed exercises with mobilizing the pa-
tient as soon as possible will help decrease muscle wasting and
weight loss.

GLUCOSE INTOLERANCE Most ill patients post major surgery,
infection, etc. exhibit glucose intolerance. Hyperglycaemia
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results from increased liver production of glucose and
decreased uptake by insulin dependent tissues. This occurs
despite an insulin response to hyperglycaemia. Marked hyper-
glycaemia may exacerbate ventilatory insufficiency, promotes
asmotic diuresis and dehydration, also contribute to hepatic
dysfunction. Control of blood glucose level below renal thresh-
old (approx. 180 mg/dl, i.e. 10 mmol/l is necessary. Insulin
resistance is present in most postoperative patients and may
require unusual amounts of insulin to control glucose levels.
Insulin by iv. infusion is useful to closely control glucose lev-
¢ls. Insulin requirements will decrease as the patient improves.
Infection or pending sepsis can increase insulin requirements.

Healing wounds require glucose for energy and utilize large
amounts, however, marked hyperglycaemia (over 180 mg) is
counter productive and should be avoided.

FLUIDS AND ELECTROLYTE REPLACEMENT Adequate perfusion and
delivery of oxygen and nutrients is a critical part of postope-
rative care. The cellular biochemical processes involved in
wound healing and recovery from illness require 0, delivery,
and energy substrate, mainly glucose but also other essential
nutrients such as proteins, electrolytes and micronutrients. The
heart is the pump that maintains blood pressure i.e. the hydro-
static force. The kidney acts to control sodium and water bal-
ance directed by the ADH and aldosterone mechanisms which
is regulated by the supra optic nuclei sensitive to sodium con-
centration. Urine output is mainly regulated by ADH produc-
tion and its effect on renal tubular cells to effect water reab-
sorption. The aldosterone mechanism in the kidney is less
important.

The physiologic responses requiring fluid and electrolyte infu-
sions and the rate of intravascular replacement can be consid-
ered 3 phases:

PHASE 1 — The surgical procedure when blood loss and surgical
trauma begins to stimulate cytokine responses.

pHAsE 2 — The immediate postoperative time. Fluid and elec-
trolytes move into the interstitial space from intravascular
compartment, lasting 28-70 hours. Average time in our review
4L.5 hours, young fit patients respond sooner than older pa-
tients.

PHASE 3 — The period of mobilization of fluid electrolytes and
albumin from interstitial and intracellular space back into the
intravascular space.

In the hours immediately following the surgical procedure, the
patient frequently has some oliguria caused by a decrease in
intravascular volume resulting from the movement of fluid,
electrolyte and protein into the interstitial space decreasing
intravascular volume. There is usually a decrease in urine out-
put and is best managed by balanced electrolyte infusion.
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Diuretics in this situation only leads to a more marked decrease
in intravascular volume with a decrease in 0, and nutrient
delivery to the surgical arca as well as liver and other essential
organs. If there is doubt about the intravascular volume, an
infusion of 500-1000 ml of saline over 15-30 minutes should
result in a suitable increase in urinary output. This indicates an
increase in fluid infusion is necessary to maintain the intravas-
cular volume. The surgeon responsible must remember fluid
sequestration is an ongoing process during phase 2. An infu-
sion rate to sustain a urinary output of 1-4 ml/kg/hr should be
given. An urinary output of less than 0.5 ml/kg/hr promotes
under perfusion with delayed healing and increased infection
in the surgical area.

The margination of white blood cells in the pulmonary system
during phase 2 increases the cytokine effect on the vascular
endothelium predisposing to fluid, electrolyte and albumin
movement into the interstitial space. This also increases the
distance 0, must travel to get into capillary blood and CO0. to
get out. C0, does move more readily than 0, across this barrier
by a ratio of 20 to I. In phase 3, when the intravascular volume
rises, this may then lead to pulmonary oedema and diuretics
may be required.

Older patients may have a blunted response to reversal of the
ADH and aldosterone mechanisms probably by slower renal
tubular cell receptor response. If this does occur, the diagnosis
usually can be made with intravascular monitoring or if some
cardiac decompensation (pulmonary oedema occurs), diuretics
then are indicated to take off some fluid, and decrease cardiac
work.

In phase 2, a reduction in plasma proteins may occur as a result
of albumin and some globulin being retained in the interstitial
space along with sodium and water. When the transition from
phase 2 to phase 3 begins, there is a marked movement of so-
dium, water and albumin back into the intravascular space.
This is usually indicated by a slowing of pulse rate and some
increase in blood pressure as the intravascular space fills and
becomes more stable. A rise in urinary output should occur and
the maintenance infusion rate can be decreased appropriately.

If a delayed renal response occurs, (more frequent in older pa-
tients), some help with low dose diuretics may be indicated to
help renal response rate. Patients who have been on diuretics
or beta blocking agents preoperatively may confuse some pri-
mary physiologic responses. Intravascular monitoring is more
often necessary in these patients. Patients that do not enter
phase 3 in 60-70 hours usually have a poor prognosis.

PAIN All patients who have major surgical procedures expe-
rience some pain. Lack of pain control results in increased
sympathetic tone, which reduces arteriolar vascular diameter
and markedly decreases blood supply to the healing surgical
area.
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Pain control is imperative. Continuous intravenous infusion of
analgesics usually produces the best physiologic results. Highs
and lows with resultant respiratory depression and hypoxia are
less likely to occur. If this occurs, it is not sufficient to stop the
analgesia until the effect reduces. This will produce an unac-
ceptable time off tissue hypoxia and predispose to infection
and delayed wound healing. Pharmacologic agents to release
this respiratory depressant effect are readily available and
should be used immediately.

TEMPERATURE The ill patient usually adjusts the temperature
regulating system upwards and therefore, prefers warmer sur-
roundings. Patients exposed to reduced core temperature during
surgery have been shown to have vascular spasm and reduced
blood flow to surgical area with resultant increase in infection
and hospital time. Operations lasting over 2 hours are predis-
posed to this problem. Recent observations strongly suggest
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there is real value in maximizing the pain free state. (Pain pump
if indicated). Also, early mobilization, oral feeding as soon as
appropriate, renal and vascular support with reinforced preop-
erative psychologic preparation of the patient, will lead to a
major improvement in postoperative morbidity including
decreased fatigue (muscle wasting) and decreased hospital stay.

Factors that influence postoperative physiologic response that
we cannot control at present but that in the future we may be
able to measure and therefore more accurately quantify the risk
of surgery (i.e. stress response ability) are: 1. patient genetic
makeup, 2. gene transcription and translation, 3. expression of
hormones, cytokines and growth factors, 4. expression of sec-
ondary messengers, 5. bacterial virulence factors. In the next
decade, these and others yet to be unveiled will surely become
measurable clinical factors for preoperative assessment of sur-
gical risk.






