SERIAL MICROHEMATOCRIT DETERMINATIONS IN ANESTHESIA

Forses H. Nonnis, Jr., M.D., aANp KeNNeTH D. HaLL, M.D.

Puecise blood, water, and electrolyte replace-
ment in infants and children may be difficult
at any time, and is often temporized in the
operating room, at a time when the greatest
precision is needed.

In a previous report,! we have mentioned
the use of microl toerits in the o t
of fluid replacement. To date, serial micro-
hematocrits have been obtained in 25 cases
where it seemed likely that there would .be
excessive blood loss or some other problem in

fluid therapy. Therefore, it seemed appro-
pnnte to desmbe the technique in detail. A
1 1 Iuation of icrol its
has been reported.’
METHODS

The principle of the method is that blood
rises readily into a capillary tube, and that the
hematocrit of blood obtained by skin puncture
faithfully reflects the venous hematocrit.

The essential equipment consisted of 75
mm, by 1.5 mm. heparinized capillary tubes,*
and a centrifuge made for use with these
tubes.t  An alcohol lamp was usually available
for heat-sealing one end of each filled tube,
but in emergencies any flame, even ordinary
matches, could be used. Centrifuged tubes
were read on a spiral device,® which was re-

TABLE 1
SiMuLTANEOUS VENOUS AND SKIN
MICROHEMATOCRITS
Venous Bkin
Observations 16 14
Mean 3229 3229,
Standard error +1.7% +18%
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placed recently by an improved (xl]umma!cd,..
magnifying) reader.}

The puncture sites were exposed fingers, toes}f
ur heels, care being taken to avoid previously'i
punctured sites, as well as intravenous infu-g
sions. A variety of instruments were used fo:N
the punctures, including hypodermic needlf:s,<
commercial stylets, and finally size 11 Bard3
Parker blades. Accurate readings required ng
free flow of blood, rather than a few drops ob+
tained by pressure. Whenever possible, 33
tubes of blood (each tube about two-thirds
full) were obtained from cach puncture. This}
blood loss was small, since the volume of eacl%'
tube was less than 0.03 ml. Each tube wasg
read twice after centrifugation, resulting in @
readings per specimen. This added little times
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Fic. 1. Apparatus for careful measurement o
intravenous fluids, A, cotton edplug B, supportm%
string. ,cymdcrgmdunt in 0.1 mlL D, res=
ervoir bottle. E, clips for regulation of flow; thes
lower one was ulways a screw-clamp. F, intnn<
venous utcnsxon tube, used to connect reservuu‘li
and cylinder. G, rubber tube ‘over end of cylinS
der. H, drip chamber. N

§ Micro-capillary reader, model CR, Imcx-n:n-b
tional Equipment Co, '
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to the procedure, compensated for errors, and
provided the hematocrit il one, or cven two,
of the fragile tubes were broken.

Centrifugation at 10,000 r.p.m. was done as
soon as possible, depending on the urgency,
and usually in the anesthesiu or other room
adjoining the operating theater. A cover of
foam rubber reduced the noise of the cen-
trifuge. The readings obtained after 4 minutes
were unchanged by 8 minutes centrifugation,
so that the former period was accepted.

The tubes were read to the nearest tenth
per cent, with reproducibility falling within
1.0 per cent. Some st 1s were obtai
simultancously with venous blood samples;
these microhematocrits were not significantly
different (table 1), in agreement with the
large series of comparisons reported by Me-
Govern, Jones and Steinberg.?

All fluids administered intravenously were
measured to 0.1 ml. by means of a graduated
cylinder (fig. 1). A side arm at the lower
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end conneeted the cylinder to a reservoir boto
tle through a sterile, plastic, extension lubc%
This permitted refilling without manipulatiory
and without contamination of the cotton plug-
in the upper end of the cylinder. Also, in thé;
event of massive hemorrhage, it permitted im
mediate, direct, connection to the patient ol
the entire blood reservoir. It did not matteE
whether the blood reservoir-was of plastic o
of glass, since pumping pressure if needed hag
to be applied below the graduated cylindes
For this purpose, the ordinary intravenous ing
fusion set connected to the lower end of th&
eylinder could be of the type equipped with
a ball valve for use as a pump. Alternativel 8
a syringe connected at the paticnt end of thy
infusion set, by a three-way stopcock, could bé
used for pumping. Bl
Urine was not collected routincly excepf:
when a bladder catheter was indicated, or, i
the case of older children, when bladder corg:
trol was present. However, periodical notg
[
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consisted of 0.3 per cent sodium chloride and 5 per cent destrose in water.



Micturition at times indicated by arrows.
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were made regarding the state of the diapers.
Other output, such as ventricular or - gastric
drainage, was measured at regular intervals.

Case REPORTS

Case '1. ‘This patient was bom joined to her
Siamese twin sister by a2 bony connection 24 cm.
in circumfcrcncc ecen the frontal regions
{ \! us fi lis), which ne-
cessitated that one twin be facing down while the
other was facing up.! Other articles have dealt in
detail with anesthetic,! surgical, and developmen-
tal¢ aspects of this casc. One-hundred and
twenty- -five days nftcr birth anesthtsm was mduced
with intr d with

immediately after surgcry she weighed (mcludm%
head dressing) 4.11 kg., while after 1 week sh(N
weighed (wnhout dressing) 4.30 kg. When op-\n
erative blood loss began, the single venous mthcteN
was devoted largely to blood replacement; thtg
microhematocrit rose and urinary output decreasedS
(The level of anesthesia was kept as light as pos@
sible and urination of about 20 ml. did occur ance»l
2.5 hours after mducﬁon) ‘The total blood losgs
of 122 ml. was andg?
was rephocd by only lll ml. bcmusc of thcA
1y, the pag
tient was given a solutmn consisting of 0.3 per ccnq:
sodium chloride with 5 per cent dextrose; umwllmg
resumed after 240 ml, and the microh

fcll mpldly to the preoperative level. H

2=}

nitrous oxide. Tbc infants were uncovctcd. except
for diapers and surgical drapes; with the operating
room temperature at 23 C,, the rectal tempera-
ture fell from 37.5 to 33.3 C, during the operation.
The separation was performed and one twin moved
to another table, so that both closures could be
performed simultaneously by two surgical teams.
Both twins survived the operations, are well at
the present time, and scem to be developing nor-
mally.

Figure 2 depicts replacement therapy in this
twin at the time of this operation. Her length was
52 cm. but her weight could only be estimated; the
preoperative combined wclght was 8.05 kg., and

urination during the night, th&
microhematocrit was 23 per cent the next mornings
Later that day (not shown in figure 2) an addis
tional 45 ml of blood was replaced, and the mlcmc
hematocrit rosc to 31.8 per cent, a level which wa.yr,

maintained. S

CosvexT: It seems likely that the totaB
blood loss was approximately 155 ml., betweers
one-thitd and one-half the initial blood volumeg.
Since a third of this loss was not replaced until
the next day, the nearly-normal microhemato®
crit at 16 hours must have reflected dehydra-
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tion. Two causes of this are apparent: de-
creased water replacement, and loss of an
unknown (but probably large) quantity of
cercbrospinal fluid during craniotomy.

Case 2. ‘This infant seemed cntirely normal
until the age of 3 months. At that time, his
parents first noticed diminished activity, and at
the age of 4 months the head was enlarged.  Cere-
bral air and dye studies indicated a communicat-
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tions may also have a plice in studies ofS
water balance, but our experience has not beens
extensive cnough in this respect.
Variation in microhematocrits could bed
rather large, when blood flow was not free ands:
pressure was applied. It was not uncommoi8
to find a value of, for example, 30 increase tog
35 per cent under such conditions, presum<
ably due to venous stasis. Decreases of equal

peoldmi

xng typc of | hal When admitted to the
ital he had lized hyp ia, retarded
mental devel head ci f 52.6 cm.,

and chest circumference 374 cm. A ventriculo-
peritoncal shunt was planned, but instead subdural
dnmagc w:ls instituted when a right subdural

1. This drained 440 ml
in 3 days, thcn stopped; he failed to improve, and
Ius wcxght fcll fmm 9.5 kg. to 8.6 kg. Extensive
were then excised in

3 stages.

Figure 3 shows some aspects of the fluid and
blood replacement problem during biparietal cra-
niotomy at 1514 months, weight 8.8 kg., length
77 em. Anesthesia was induced with thiopental
and supplemented with nitrous oxide. He was un-
covered except for diaper and surgical drapes
(room temperature, 23 C.) resulting in a fall of
rectal temperature from 37.2 C. to 35.0 C. during
the procedure, Near the end of the operation, the
microhematocrit fell to 38 per cent and remained
near this level despite replacement of an additional
50 ml. of blood. While this blood was being ad-
ministered, the patient began to void large quan-
tities of ncarly colorless urine. Water replacement
was reduced, resulting in a normal mlcmhcma!omt
at 17 hours.

CozmenT: This case is cited. to illustrate
that -microhematocrit determinations must be
evaluated in conjunction with the other evi-
dence available. The minimum parenteral wa-
ter requirement for this child was estimated
from his surface area as 300 ml. per day,® or
12,5 ml per hour. Though this rate was
grossly exceeded for many hours, urination was
infrequent. The microhematocrit also rose, as
though he had undergone an increase in extra-

extracellular fluid vol However,
the microhematocrit elevation might have been
due to hypothermia.»* A diuresis secmed to
take place shortly after the operation, perhaps
in relation to awakening from anesthesia.

DiscusstoN

Our purpose is to call attention to a rather
simple fechnique of valuc in some operative
situations. Serial microhematocrit determina-

anfs’zese)):.d

gnitude were found less often, and were atd
tributed to dilution of blood by “tissue juice.”Z
In our experience, specimens should be ob1j
tained carefully if the readings are to be acs.
curate. However, McGovern, Jones and Stemn
burg 2 did not emphasize this point. i

Hypothermia did not appear to alter microS
hematocrit results qualitatively.  The intensch
skin vasoconstriction impeded a free flow ofp
blood when specimens were obtained, an
there was usually a rise in microhematocerit,% @
but no delay occurred in recording changcan
such as that due to blood loss. In experiments
on dogs performed in this laboratory,® 2 marked
rise in vena caval microhematocrits (e.g., front
45 to 60 per cent) was associated with severdS
anoxia due to respiratory depression. Thus®
the fluid shifts described in hypothermia mlghtg
also result from tlssuc anoxia, which shou]d:"
be recalled when evaluating microl
of anesthetized patients.
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SunMAnRy

Serial microhematocrit determinations seemedS
to be of value in estimating water and bloods
replacement in infants and children dun‘nég
major surgery. Two illustrative cases of the
technique are presented.
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The authors are indebted to Drs. Clarence
Hcbert and Gilbert Christenson, who were i
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off, by administering oxytocin infusion, and
(in select cases) by my. (Fried:

E. A, and Sachtleben, M. R.: Caudal Anes-}
llle.na, Obst. & Gynec. 13: 442 (April) 1959. )3
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APOMORPHINE A dilute solution of apo-3J
morphine hydrochloride was.administered verys
slowly to 75 obstetric patients before the nd-\‘
ministration of anesthesia. The amount of\l
apomorphine _ required to, produce emesisy
varied from 2 to 6.5 mg. Seven patients didS
not vomit after receiving the maximum Gosel
of 6.5 mg. The anesthesia used was cyc]o-N
propane and oxygen or nitrous oxide, oxygemo
and ether. This method proved effective and©
safe in the present study. (White, R. T..O
Apomorphine as Emetic prior to ObstetricS
Anesthesia, Obst. & Gynec. 14: 111 (]ul_[)o
1959.)

/66./9/02/:

¥20Z YoIen £ uoisenb Aq ;pd'so



