Medical Intelligence

The Recovery and Intensive Care Unit,
A Clinical Laboratory

Olga Schweizer, M.D.

Priok To THE OPENING of a new Special Care
Unit in January, 1969, the Recovery Room of
Memorial Hospital served a double purpose.  Al-
though most patients were discharged within
24 lours after operation, approximately 5 per
cent remained in the unit for two days to sev-
eral weeks. With a recovery-room population
averaging 7,000 patients per year, the com-
bined unit provided an excellent opportunity
for the study of complications occurring in the
immediate postoperative period. The clinical
and investigational information obtained in
this way has improved the diagnostic acumen
and therapeutic approach of the anesthesi-
ologists in charge of the unit, with a resultant
reduction in morbidity and mortality of pa-
tients subjected to major operations. Much
of the success of the unit has been due to
the proximity of a well-equipped laboratory,
staffed with a research chemist and tech-
nicians available for emergency determinations
24 hours a day, seven days a week.

The major postoperative complications fell
into seven categories: cardiac, respiratory, de-
pletion of circulating blood volume, electro-
Iyte imbalance, acid-base changes, clotting
problems and diminution of urinary output.
In each of these groups, monitoring devices
and routine or special laboratory determina-
tions played a vital role in therapy. Since the
same diagnostic procedures can assist in the
evaluation of other problems, a brief discus-
sion of the most frequently encountered com-
plications will be followed by a more detailed
review of the available diagnostic procedures
and their application to the patient.

Received from the Department of Anesthesiol-
ogy, Memorial Hospital for Cancer and Allied
Diseases, New York, New York 10021.

Cardiac Complications

In a series of 2,000 routine postoperative
electrocardiograms, the main abnormalities
fell into three groups: arrhythmias, bradycar-
dia (pulse rate <30/min) and tachycardia
(pulse rate >120/min in an adult). Although
most arrythmias were benign and required
no therapy, the series included potentially
dangerous variations in rhythm, such as atrial
fibrillation or flutter, nodal tachyvcardia, multi-
focal ventricular premature contractions, ven-
tricular tachycardia and ventricular fibrilla-
tion. Bradycardia seemed to occur most often
following surgical operations on the breast and
perineal structures. In addition, an occasional
patient had a hyperactive carotid sinus or de-
veloped complete A-V dissociation. The most
common postoperative cardiac complication
was severe tachycardia. The major factors re-
sponsible for marked elevation of pulse rate
included hypovolemia, hypoxemia, cardiac de-
compensation, severe pre-existing cardiac dis-
ease, myocardial infarction, and metastasis of
cancer to the heart. Relative overloads of
electrolyte-containing fluids, plasma expanders
or blood were primarily responsible for the de-
velopment of cardiac decompensation, espe-
cially in patients with pre-existing myocardial
disease.

It is comparatively easy to overlook a myo-
cardial infarction in the immediate postopera-
tive period since pain is rarely a prominent
symptom. In the Memorial Hospital series
the main presenting sign was sudden unex-
plained tachycardia, with or without hypo-
tension. Tachycardia > 120 beats/min was
also the first indication of pulmonary embolus
in several patients. Metastasis of cancer to
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the heart must be suspected in any patient
with widely disseminated cancer who devel-
ops abnormalities of rate or rhythm “unex-
plained by other factors. It occurs most fre-
quently in association with the leukemias,
Iymphosarcoma, melanoma, mammary and
pulmonary neoplasms.

Respiratory Complications

The main respiratory complications in the
series were central or peripheral depression,
obstruction of the upper airway, broncho-
spasm, atelectasis, pncumonitis, pneumotho-
rax, pulmonary embolism and instability of the
thoracic cage. In most cases, peripheral res-
piratory depression resulted from the residual
effects of muscle-relaxing drugs employed dur-
ing anesthesia or from the use of depolarizing
antibiotic agents such as colistin (Coly-Mycin
M). The main factors responsible for central
respiratory  depression were cerebrov 1|
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uted to the nephrotoxic effects of colistin or
similar antibiotic drugs, ureteral obstruction
owing to discase or operation, or pre-existing
severe renal disease. The cause in most cases,
however, was an inadequate volume of circu-
lating fluid. Prompt restoration of urinary
output followed therapy with plasma expand-
ers, blood, and clectrolyte-containing fluids.
Cystoscopy or transurethral resection of the
prostate occasionally was followed by transi-
ent bacteremia, characterized by shaking chills
and a high temperature.

Depletion of Circulating
Fluid Volume

Hypovolemia due to blood loss, plasma loss,
or a combination of blood and plasma defi-
ciency is a frequent complication of surgical
operations for cancer. Plasma loss results pri-
marily from the sequestration of fluid outside

hemorrhage or thrombosis and excessive pres-
sure from neurosurgical packs. Emergency
trachcostomy, done only rarely, was necessi-
tated primarily by injury to the vocal cords
or recurrent laryngeal nerves or by failure to
perform intraoperative tracheostomy during
procedures involving the mandible or maxilla.
Bronchospasm, atelectasis and pneumonitis
could be anticipated in patients with pre-
existing tracheobrochitis, severe pulmonary
disease, or irradiation to the chest wall or
lungs. Bowden and Schweizer ! described the
mechanism of production of tension pneumo-
thorax in operations involving the lower cervi-
cal region. This complication also occurred
subsequent to nephrectomy, adrenalectomy or
esophagectomy. A few major chest wall re-
sections produced sufficient instability of the
thoracic cage to necessitate prolonged respi-
rator therapy. Although pulmonary embolus
usually occurs later in the postoperative
course, a sufficient number have developed
within the first few days to warrant further
diagnostic procedures in any patient with
bronchospasm, dyspnea or unexplained tachy-
cardia.
Genit
The main genitourinary problem was post-
operative diminution of urinary output or
anuria. In a few cases this could be attrib-
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the intra lar space: for example, massive
extirpations with large raw surfaces, intestinal
obstruction, pleural effusion, or peritonitis.
Combined with blood loss, this constitutes the
third or “mixed” categorv of hypovolemia, as
distinguished from pure blood or plasma defi-
ciency. Although the symptoms and signs
(cool, clammy skin, decreased blood pressure,
tachycardia, diminished urinary output, and
low central venous pressure) are the same for
all types of hypovolemia, the treatment varies
with the cause. Primary blood loss responds
to transfusion, plasma deficiency to the vol-
ume expanders (dextran, plasmanate) and
“mixed” deficiency to a combination of plasma
expanders and blood. The laboratory tech-
niques available for the diagnosis of the vari-
ous categories and the institution of appro-
priate therapy will be discussed subsequently.

Electrolytic Imbalance

In addition to depletion of the total volume
of intravascular fluids, major operative proce-
dures may produce large, fluctuating, and
even life-threatening shifts in essential body
electrolytes. The most common electrolytic
disturbances and the conditions in which they
accur are shown in table 1. Depletion of
chloride fon resulting from prolonged gastric
or intestinal suction can produce severe meta-
bolic alkalosis. Since postoperative digitali-
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TasLe 1. Electrolytic Abnormalities

prolonged gastrie suction
Depletion of Cl~ jon
diarrhea

intestinal tube dminage
Depletion of Na* jon — pancreatic, biliary,

N\ intestinal fistulae
diarrhea

same as Na*
Depletion of K* ion Q
prolonged diuretic therapy

Elevation of K* jon — renal failure
renal failure

Elevation of BUN  — gastrointestinal tract

\\ bleeding
fluid depletion

zation may be required as an emergency mea-
sure, potassium levels should be determined
routinely in all patients receiving prolonged
diuretic therapy. Although elevated BUN
values are usually associated with renal fail-
ure, they can also be found in patients with
fluid depletion or severe gastrointestinal bleed-
ing. Knowledge of these facts may prevent
unnecessary therapy directed to restoration of
nonexistent renal problems.

TabBLe 2.
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Problems in Acid-Base Balance

Disturbances in acid-base balance can be
grouped into four categories: respiratory acido-
sis and alkalosis; metabolic acidosis and alka-
losis. The main factors responsible for each
of these changes are shown in table 2. The
acid-base abnormality most frequently seen
was an increase in hydrogen jon concentration
due to respiratory or metabolic acidosis or a
combination of the two. Although the cause
of the acidosis is readily explained by pulmo-
nary, cardiac or metabolic disease in the ma-
jority of patients, no satisfactory reason has
been advanced for the occasional appearance
of an excessively high level of lactic acid in a
seriously ill patient. This situation has oc-
curred in patients treated with phenformin
hydrochloride (Dbi) for diabetes mellitus and
in those treated with chemotherapy for ad-
vanced cancer, probably due to interference
with some aspect of cellular metabolism. The
two main causes of alkalosis in the postopera-
tive period are excessive zeal in respirator
therapy (respiratory alkalosis) and prolonged
nasogastric suction (metabolic alkalosis). Ac-
curate and frequent measurement of blood
gases, bicarbonate, total carbon dioxide and
electrolytes is essential for the diagnosis and
effective treatment of conditions involving
abnormalities of acid-base balance.

Disturbances in Acid-Base Balance

Respiratory Alkalosis

Metabolie Atkalosis

Respirators
Hysterical hyperventilation
Central nervous system disease

Early salicylic acid poisoning
High altitudes

Rexpiratory Acidosis

Ingestion of large quantities of alkali (ulcer therapy)
Prolonged vomiting or nuasogustric suction

High intestinal obstruction

Cushing’s disease

Cortisone ad ration (hyr

Metabolic Acidosis

Depression of the respiratory center (drugs,
anesthesia, disease)

Emphysema, asthma, atelectasis, pneumonia

Congestive heart failure

Muscle-relaxing drugs

Uncontrolled diabetes mellitus (ketone acids)

Renal disease (phusphate, sulfate)

Diarrhea (fluid loss from the colon and lower small
intestine)

Vomiting nonacidie fluids

Shock (lactate)

Unexplained Iactic acidusis
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Clotting Problems

Bleeding and clotting problems in the post-
operative period can be traced to hereditary
defects, acquired disease, or the complications
associated with operation and multiple blood
transfusions. In general, they fall into three
groups: deficiency or malfunction of platelets,
decrease in plasma clotting factors, and fibrino-
lysis. ‘The main pathologic conditions associ-
ated with each of these categories are shown
in table 3. Platelet problems are amenable
to therapy with platelet concentrates or fresh
whole blood, clotting factors can be restored
with fresh frozen plasma or antihemophilic
plasma, and fibrinolysis responds to epsilon-
aminocaproic acid (Amicar). Since specific
therapy is available, early diagnosis is essen-
tial for reduction in morbidity and mortality
resulting from hemorrhagic diatheses.

Methods Employed in the Care of
the Postoperative Patient

Although the success of a Recovery or In-
tensive Care Unit depends primarily upon the
ability of the physicians and nurses in charge,
the proper use of monitoring equipment, bio-
chemical determinations and other laboratory
measures is important in the early diagnosis
and treatment of complications. In addition,
the data obtained provide valuable informa-
tion for improvements in therapy.

The average patient admitted to the Re-
covery Room requires only careful observa-
tion, a hematocrit determination, and routine
fluid therapy. Endotracheal tubes are re-
moved after ement of tidal vol with
a Wright respirometer. Extensive monitoring
is reserved for the poor-risk patient or the
patient who has sustained severe operative
trauma or complications. In these cases mini-
mal good care includes continuous electro-
cardiographic recording, monitoring of central
venous pressures, and accurate measurement
of intake and output. Other diagnostic pro-
cedures are emploved as indicated.

In the ideal situation routine intraoperative
ECG monitoring should be continued in the
Recovery Room, but this is not always pos-
sible. The Memorial Hospital's series of re-
covery room electrocardiograms indicates that

TilE RECOVERY AND INTENSIVE CARE UNIT 249

TabLe. 3. Clotting Problems

Deficiency or malfunction of platelets
Hepatic disease, uremia, extracorporeal circula-
tion, sive blood repl: t, ¢ ption
congulopathy, bone marrow depression  from
chemotherapy and irradiation

Deficiency of clotting factors
Hepatic  disease, hemophilia, extracorporeal
circulation, i lvod replacet t, ¢ It
tion coagulopathy, anticoagulant therapy

Fibrinolysis
Hepatic disease, massive blood replacement,
extracorporeal circulation, consumption coagu-
lopathy

can be detected if tracings are obtained for
all patients with: 1) severe arrythmias, espe-
cially if they were not present preoperatively;
3) tachveardia > 120 beats/min (myocardial
infarction or pulmonary embolism); 3) brady-
cardia < 50 beats/min (complete A-V dissoci-
ation); 4) unexplained cyanosis; 5) unex-
phined hypotension; 6) prolonged hypoxia;
and 7) those patients in the process of digi-
talization or treatment with other cardiac
drugs.

Fluids administered in the postoperative
period include volume expanders (dextran,
plasmanate, blood) and solutions containing
dextrose and electrolytes. Since the volume
expanders fall in a separate category, the pres-
ent section will be confined to the electrolyte-
containing solutions. The volume and com-
position of each of these solutions depend
upon accurate appraisal of the patient’s
requirements.

Volume requir ts can be d by
three methods: measurement of intake and
output, daily weight measurement, and con-

TaBLe 4. Normal Acid-Base Values,
Astrup Technique

Oxygen tension (Pnos2) 100 mm Hg
Carbon dioxide tension (Pacoz) 3842 mm Hg
Buffer base 46-52 mEq/1
Buse excess

Standard birarbonate 2
Actual biearbonate 2
Total earbon dioxide (CO2) 2

S /1
6 mlq/1
28 mEqg /A

most serious postoperative cardiac probl
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Fic. 1. Normal thromboelastograph. In Thromboelastograph terminology all figures
are doubled.

tinuous monitoring of central venous pres-
sure. To facilitate accurate intake and output
determinations, the Memorial Hospital Recov-
ery Room adopted the practice of discontinu-
ing all residual electrolyte- or dextrose-con-
taining fluids at 8 AM every day, marking the
end of a 24-hour period; new solutions are
started at that time. In addition to hourly
urine volumes via an indwelling catheter, out-
put measured should include drainage from

other sources such as gastric, intestinal or tho-
racic tubes. Urinary specific gravity should be
ascertained at intervals, and tests for acetone
and sugar and microscopic examinations per-
formed as indicated. Al seriously ill pa-
tients are weighed daily. A bed scale which
eliminates the necessity of moving the patient
from bed is now available.

Catheters for central venous pressure mea-
surement are inserted into a brachial or cer-
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Fic. 2. Front of Recovery Room=Intensive Care Unit record.
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vical vein and the zero point of the manome-
ter placed on a level with the anterior axillary
line of the supine patient. In the absence of
radiographic visualization, the following eri-
teria have been adopted as indicative of the
accurate placement of the catheter tip in the
right atrium or superior vena cava: 1) rapid,
unimpeded flow of fluid during reading; 2)
pulsation with each heart beat; 3) fluctuation
of 3 cm or more with respiration. Although
there is no specific demarcation between low,
normal, and high levels, a rapid shift in level
should be regarded as significant. The fig-
ures adopted by Ryan and Howland ? as ab-
normal were a decrease of 10 cm water or
more and an increase of more than 7 cm water
compared with' the baseline value.
Knowledge of the function of central ve-
nous pressure is essential for its effective em-
ployment as a monitoring device. In spite of
GIVEN BY
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its frequent use for this purpose, central ve-
uous pressure is not a reliable index of the
total volume of fluid required for adequate
replacement. The volume replaced should be
determined by blood pressure and urinary
output. Central venous pressure is a mea-
surement of the state of myocardial compe-
tence and, as such, is comrectly employed to
monitor the rate of fluid replacement and to
indicate the presence of impending or existing
heart failure.

The types and numbers of biochemical de-
terminations necessary to assess the electro-
lytic composition of postoperative fluids de-
pend on the nature of the operation and the
condition of the patient. In most cases daily
determinations of sodium, potassium, chlo-
ride, total carbon dioxide and BUN are suffi-
cient. Measurement of potassium is especially
important for patients on diuretics, in renal
DOSE |ROUTE | GIVEN BY

TINE ANTIBIOTIC
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Fie. 3. Back of Recovery Room-Intensive Care Unit record.
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failure or in need of digitalization. In addi-
tion to these routine determinations, other
biochemical tests required in specific cases in-
clude measurements of magnesium, calcium,
creatinine, total protein, serum glutamic oxalic
transaminase, 3-nucleotidase, glucose, lactate,
pyruvate, excess lactate, inorganic phosphate,
adenosinetriphosphate (ATP) and adenosine-
diphosphate (ADP). Enzymatic methods*
employing the Beckman spectrophotometer are
used for lactate, pyruvate, ATP and ADP.
Excess lactate is calculated from Huckabee's
formula.t The levels of these organic com-
pounds and that of inorganic phosphate have
proved valuable in estimating the severity of
hemorrhagic and septic shock and the effec-
tiveness of treatment. The Memorial Hospital
Special Care Unit laboratory is also equipped
with a Perkin-Elmer atomic absorption spec-
trophotometer, which permits determination
of the concentrations of practically all bio-
chemical constituents.

Hypovolemia requires, in addition to elec-
trolyte-containing solutions, the administration
of a volume expander. Since therapy is de-
pendent upon the cause of the hypovolemia,
methods must be employed to determine the
reason for the diminution in circulating fluid
volume. The majority of cases can be diag-
nosed by the use of serial large-vessel hemato-
crits. In the presence of the clinical signs
and symptoms of hypovolemia, a persistently
Jow hematocrit indicates blood loss, whereas
an elevated hematocrit represents hemocon-
centration owing to sequestration of fluid un-
available to the general circulation. At times
normal hematocrits are found in patients who
have hypotension, tachycardia, low central
venous pressure and decreased urinary output.
Since this may represent a combination of
plasma and whole-blood deficiency, estima-
tion of blood volume may fumish valuable in-
formation. The Atomium Volemetron pro-
vides a rapid and easy method for blood vol-
ume determination based on the dilution
principle. (Operating instructions are printed
on the working face of the device.) After
resetting the machine, a small dose of radio-
active ijodine attached to albumin (Rhisa) is
placed in the center well and measured. A
premixed venous sample is drawn from the

OLGA SCHWEIZER
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patient, the measured dose of Rhisa injected,
and postimixed samples arc obtained at the
end of the mixing period (usually 10 and 20
minutes). After the residue in the dose sy-
ringe has been subtracted, the syringe is dis-
carded, premixed and postmixed samples are
placed in the end wells, and total blood vol-
ume is computed. The ratio of plasma to
ervthrocyte mass is calculated from the
hematocrit.

The value of blood volume determination
must be judged by correlation with the con-
dition of the patient and inherent problems.
Since Underwood and Howland 5 have shown
that the blood volume of each person remains
essentially the same throughout adult life, a
preoperative determination is almost essential
for accurate evaluation of postoperative vol-
ume. Blood volume determinations are rela-
tively worthless during active bleeding. There
is also a limit to the number of valid mea-
surements which can be made in the same
individual.

One of the most important procedures in
the case of a seriously ill patient is evaluation
of acid-base status. This is mandatory on a
daily basis for patients on continuous respi-
rator therapy. In addition, acid-base balance
studies provide valuable information in car-
diac, respiratory and metabolic derangements.
The Astrup technique for acid-base balance
studies, employing the Radiometer apparatus,
was described by Siggaard-Andersen and
Engel ¢ in 1960. The technique, which takes
approximately ten minutes, is based on the
pH values of three samples of blood: 1) whole
arterial blood; 2) arterial blood equilibrated
with gas at a high carbon dioxide tension; 3)
arterial blood equilibrated with gas at a low
carbon dioxide tension. The results are plot-
ted on a nomogram. Table 4 gives the nor-
mal values of the various parameters obtain-
able from the nomogram. Arterial oxygen
tension (Pag,) is determined by an oxygen
electrode, type E5044, and a thermostatic cell,
tvpe D615, attached to the Radiometer. The
Astrup technique provides a rapid, reliable
method of separating the metabolic (buffer
base, base excess, standard bicarbonate, actual
bicarbonate) from the respiratory (Pago, and
Pag,) phase of acid-base balance.

20z ludy 61 uo 3sanb Aq ypd'11.000-000£00.6 L-Z¥S0000/825682/912/€/2E/HPd-01o11e/ABO|0ISOUISBUE/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



‘\'Pl“m' 32 THE RECOVERY AND INTENSIVE CARE UNIT 253
Number 3 L
395 studes "ohn\t] ﬁ € i ’ Spectal studes — z
5
150102 [, 3¢t esdatisiod act oo [Frgulec{ o [ faimedcon] et | x [ns loued ca foro[>2t 6w ] F3
o= P} 2| b [ sat | O2pC0y] exc [paseheoycs| €02 [oi2ed €0y aaticly f m
] |
t
o
3
7]
m
2
o
i
2
o
(=]
z
z
| 8
o i
HENEEERER \

Fic. 4. Laboratory record, Recovery-Intensive Care Unit.

In patients with postoperative hemorrhagic
diatheses, a definitive identification of the
cause of the bleeding or clotting problem usu-
ally can be established by a coagulation labo-
ratorv. These studies are time-consuming,
and the patient’s condition may require spe-
cific thermpy before results are available.
Since Ryan and Howland® have shown that
the thromboelastograph provides relatively
rapid information about deficiencies of clot-
ting factors, platelets, fibrinogen and fibrino-
lysis, it has become an important addition to
the laboratory facilities in the Recovery Room.
The thromboelastograph is a  mechanical-
optical system with a slowly oscillating metal
cup. A free-flowing sample of venous blood
is drawn through an 18-gauge or larger needle
or plastic cannula into a plastic syringe. The
blood is placed in the cup of the thrombo-
elastograph  within five minutes of removal.
A steel cylinder attached to a torsion wire is

then lowered into the cup. The oscillations
of the cylinder, which becomes attached to
the revolving cup by fibrin strands during clot
formation, are transmitted to a mirror attached
to a torsion wire. The mirror in turn reflects
a fixed light source onto two scales, one a di-
rect visual read-out, the other a roll of photo-
graphic film. The deflections of the needle
of the visual read-out are either plotted manu-
ally or recorded automatically by way of a
photosensitive strip and direct read-out re-
corder.

A normal thromboelastograph is shown in
figure 1. The line R indicates the time elapsed
between venipuncture and a 1-mm deflection
on each side of the scale zero point. This
represents the clotting time, with a normal
value of 7.5 to 11 minutes (timed with a
stopwatch).  Values lower or higher than
these suggest either hypercoagulability or a
deficiency of clotting factors. The total am-
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plitude of the clot (AM) should have a mini-
mal 25-mm deflection on each side of the zero
point. Failure to attain this amplitude indi-
cates depletion of fibrinogen or platelets, the
latter confimned with a platelet count. Fi-
brinolysis is shown by a rapid decrease in a
previously normal total amplitude.

The final essential factor in the use of the
Recovery and Intensive Care Units as a clini-
cal Iat ory is the of accurate
and complete records. Although the exact
form of the records may vary with the hos-
pital, they should contain detailed and clear
information about all aspects of patient care.
Examples of such records are shown in figures
2, 3, and 4.

In 2 hospital with a large percentage of
major operations the entire postoperative
course of the patient may be influenced by
the preventive and therapeutic measures em-
ployed in the Recovery and Intensive Care
Units. The diagnostic acumen of anesthesi-
ologists and nurses in the unit at Memorial
Hospital has been strengthened by close clini-
cal observation and effective use of monitoring
equipment as well as the ready-availability of
laboratory facilities. Among other things,
studies in the combined unit have led to im-
provements in methods for the prevention,
early diagnosis and treatment of respiratory
problems, cardiac arrhythmias, coronary oc-

OLGA SCHWEIZER

Aoy
clusi and anuria, various
types of hypovolemia, and hemorrhagic shock.
The facilities provided by the recently opened
Special Care Unit should add much addi-
tional information to the knowledge already
acquired.
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Surgery

SERUM ENZYMES Fiftysix patients scheduled for extensive surgical pro-
cedures underwent preoperative and postoperative {four consecutive days) determi-
nations of the following enzymes: serum glutamic oxalacetic transaminase (SGOT),
serum glutamic pyruvic transaminase (SGPT), and lactic acid dehydrogenase (LDH).
Postoperative incidences of increase in LDH (five patients) and in SGOT (three pa-
tients) were not significant. None of the increases were of significant magnitude to
suggest acute myocardial or pulmonary disease. There was no correlation between
these enzyme increases and degree of muscle trauma or duration of anesthesia (less
than six hours). Four of eight patients receiving 15 or more units of blood had sig-
nificant increases in the enzymes studied. Serum enzyme determinations can be of
value in diagnosing acute myocardial or pulmonary disease even in the early post-
operative period. (Harrah, J. D., and others: Serum Enzyme Alterations after Ex-
Surgical P: , Ann. Surg. 169: 300 (March) 1969.)
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