SOME EFFECTS OF INADVERTENT HYPOTHERMIA

IN INFANT NEUROSURGERY
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It has been pointed out that the surgical and
anesthetic mortality rate in the first year of life
is inordinately high for a group which com-
prises such a small pereeutage of the total sur-
gical population.!  One of the more complex
of the inter-related factors contributing to this
mortality rate is improper maintainence of
fluid and clectrolyte balance. It is generally
agreed that this aspeet of the infant’s internal
environment is most satisfactorily maintained
by permitting him to scelect what he needs
through complete oral intake.

Shortly after the installation of air condition-
ing in the operating rooms at University Hos-
pital it was noted that a number of infants
were slow i resuming normal activity and
feeding patterns following  surgerv. It ap-
peared that low body temperature during and
immediately after operation might be causally
related to this failure to recover normal activ-
ity. This study is an attempt to explore this
relationship.

Mernon

In the selection of cases for this study the
following criteria were met:

1. All patients were less than one year of age
on admission to the hospital.

2. One of three operative procedures was
performed; bilateral trephines, craniotomy for
subdural membranes or ventricular and spinal-
peritoncal shunts.

3. All patients were anesthetized  utilizing
an endotracheal tube and @ nonrebreathing
technique,

4. All operations were done in the same op-
erating room.

5. All patients were offered fluids by mouth
within three to four hours after return from
the recovery room.  (The usual recovery room
stay was one and one-half to two howrs.)
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6. A satislactory recovery was judged to be
the acceptance of oral feedings within  six
hours of the termination of surgery and the
continuation of a normal feeding pattern,

The study is divided into three distinet pe-
riods: First, the year prior to the installation
of air conditioning when operating room tem-
peratures ranged from 75 to 95 I, with no con-
trol of humidity. Sccond, a onc-year period
after the installation of air conditioning when
temperatures ranged from 65 to 70 F., relative
humidity was about 45 per cent and incom-
plete control of patient temperature was car-
ricd out.  Third, a two and one-half year
period when envirommental conditions were
similar to those of the second period but active
control of patient temperature was attempted.

ANESTHETIC MANAGEMENT

Oral fluids were withheld for three to seven
hours preoperatively. A cutdown was per-
formed on almost all patients at this time and
intravenous fluids administered until oral feed-
ings were resumed.  Preancsthetic medication
consisted of atropine or scopolamine in appro-
priate doses intramuscularly 13 to 30 minutes
prior to anesthesia,  Older infants occasionally
were given small doses of pentobarbital or
sccobarbital 30 to 60 minutes prior to anes-
thesia.  Anesthesia was induced with ether or
evclopropane until tracheal intubation was ac-
complished.  Maintainence of anesthesia was
with nitrous oxide and added ether, trichlor-
cthylene or halothane utilizing an Avres “Y”
or a nonrchreathing valve.  The infunts were
unclothed  and the drapes were suspended
above the body to permit casy observation of
the infant and unencumbered respiratory move-
ment of the thorax and abdomen.  Blood loss
was replaced as accurately as possible,  Body
temperature, (in Fahrenheit) when monitored,
was recorded with a deep rectal probe. Tt
was believed that unnccessary trauma would
cusue if the probe were introduced into the in-
fant esophagus.  Temperature recording on
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the ward was by rectal thermometer. The in-
fants were warmed by surrounding them with
warm water bottles.

REsuLTS

Of the 184 operative cases studied 168 met
the established criteria. There were no deaths.
Nineteen (11.3 per cent) of these patients
had poor recovery of preoperative feeding pat-
terns. Analysis of this group of patients (ta-
ble 1) revealed that after climination of ob-
vious causes 11 infants (over half of the group)
had unexplained feeding problems postopera-
tively.  One baby, whose temperature was
102.2 F. on completion of surgery, had un-
explained vomiting for some time. The ten re-
maining infants all had decreased body tem-
peraturcs on completion of surgery. None of
these infants accepted feedings in the six hours
following surgery and all had a significant de-
lay in resuming preoperative feeding patterns.
There was no relationship between the anes-
thetic agents employed and the incidence of
decreased body temperature during surgery.

When seen in the recovery room these in-
fants were cool, slightly cvanotic, pale and
very sluggish. Their level of activity was de-
pressed and their cry weak. As they were
warmed, activity slowly returned, but even after
body temperature had returned to normal these
babies were not as active for some time as
those whose temperature had been maintained
at or above normal.
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TABLE 1

ANALYsIS oF THE Causes oF Pour
PosToPERATIVE FEEDING

No.
Feeding problems (vomiting) 2
existing prior to surgery
Post meningitic, depressed bone 1
marrow, malnutrition
Sensitivity to cow’s milk 2
Postoperative convulsive seizures 2
(Clardiac decompensation, post- 1
operative
Unexplained, temperature 102.2 I, 1
Decreased body temperature, poor 2
feeding, temperature data not
reliable
Unexplained, temperature less 8
than 97 F. -
Total 19

The influence of operating-room temperature
on body temperature and the resumption of
feeding patterns is graphically shown in figure
1. Patients with obvious causes for poor post-
operative feeding are not included.

In the first period (before air conditioning)
there were 24 patients. Although no attempt
was made to modify body temperature by cool-
ing there were no patients with temperatures
over 102 F. and only one with a temperature
below 97 F. (94 F.). All these infants re-
sumed a normal feeding pattern within six
hours of surgery.

In the second, or immediate post-air-condi-
tioning period, there were 38 patients. Five

105+ «©
o
104 . on
1034 .
102 e . . . 0. []
L] ®
Fic. 1. Scattergram of 1015 : . . pe ° oo ¢
immediate postoperative ] ° . . <
temperature showing tem- 100 &> M P o o ... ° '.‘o‘. . . : *
perature distribution as 99-}° * oo e’ 00 Sle%essss 00° e®e o o
related to resumption of * . e |ed o o 000
normal feeding pattern. 98- i . ¢ * L. . 0’: *.% ‘e oo
Solid dots denote infants T°97 ® e hd
who ate well, circles de- o
note infants who ate 96 o [o]
oorly. “C” denotes in- ® o o ®
ants with poorly func- 95+ o
tioning cutdown, 944 . o
93 °
92
lst Period | 2nd Period 3rd Period

20z ludy g1 uo 3sanb Aq ypd°£0000-0000096 1-Z¥S0000/€ L 82 19/9GE/Y/ L 2/3pd-a1o1n1e/AB0|0ISOUISBUER/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



358

IOW OR

100~ l

P. R. HACKETT AND R. M. N. CROSBY

997 2.
postoperative temperature
98- and feeding pattern of
R. ], two and one-half
months old, showing var-
T097 J >eo .

Anesthesiology
July August 1960

i, 2 Seven  day

964

WARMED —> @

iy b————1V FLIp§——
4HR

infants, whose temperatures were below 97 F,
did not cat well. The remaining 33 had tem-
peratures above 97 1. and ate satisfactorily,
Two babics had fever (over 102 F.) due to
inadequate intravenous fluid replacement but
had no feeding problem.

There were 97 patients in the third period
when temperatures were monitored during the
operation and active warming of the infant
was attempted.  Despite our emphasis on the
maintainence of temperature near normal, five
patients were permitted to become cold. None
of these aceepted feedings within the first six
hours after surgery.  The other 92 babies all
had temperatures above 97 F. and only one
had difficulty  establishing a normal feeding
pattern postoperatively,

The importance of careful temperature con-
trol even on the ward is emphasized in figure 2,
This 2'5-month-old baby was in serious diffi-
culty with a bhizarre and inexplicable feeding
pattern for 76 hours after surgery.  Only when
the problem was recognized and his tempera-
ture maintained at normal levels did he cat
satisfactorily.

Discussion

As the use of generalized body hypothermia
has become an accepted technigue, the opinion
has prevailed that a fall in body temperature
of several degrees is relatively innocuous and,
indeed, in many instances mav be beneficial.

] iations in feeding  with
Feeding fluctuations of body tem-

(°alJ perature. The solid bars

represent  feedings  re-
tained, the white  bars
-3 represent feedings taken

but vomited,

Rigid temperature control in the neonatal and
premature: nursery has been considered by
some as old-fashioned.* #  Silverman, Fertig
and Berger ' found that small infants, whose
temperatures were permitted to drop, showed
an increase in mortality rate in the first five
days of life.  In pediatric anesthesia practice
emphiasis has been placed on the avoidance of
hyperpyrexia to prevent operative and post-
operative complications.™ ¢ Recently, however,
the concern has been expressed  that hypo-
thermia i infants aud small children during
anesthesin: may be a double-edged  sword. -4
This study wdds further evidence that this may
be true.

The infant under one vear of age who is
permitted to become cold does not recover nor-
mal activity or feeding pattern promptly.  After
the climination of obvious causes of poor post-
operative feeding there remained a significant
number of infants who did not cat well.  These
infants had temperatures below 97 F. at the
end of surgery.  On the other hand, almost
all infants whose body temperatures remained
above 97 F. had a prompt return of normal
feeding and activity.  Even those with frank
byper-pyrexia did well. Two infants whose
temperatures had reached 104 T owing to a
mallunctioning cutdown (fig. 1) ate readily—
perhaps even greedilv—as if 1o compensate for
dehydration. 1t is our belief that the adminis-
tration of adequate amounts of intravenous

20z ludy g1 uo 3sanb Aq ypd°£0000-0000096 1-Z¥S0000/€ L 82 19/9GE/Y/ L 2/3pd-a1o1n1e/AB0|0ISOUISBUER/WOD JIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Volume 21
Number 4

fluids will prevent marked elevation of tem-
perature even in the artificially-warmed infant.

Inadvertent hypothermia in this age group
occurs with startling rapidity unless tempera-
ture is recorded and artificial warming is in-
stituted throughout the course of anesthesia.
Surface cooling by convection and radiation is
probably the principal route of heat loss in the
infant whose higher ratio of body surface to
body mass makes him an extremely efficient
radiator. Depression of heat production and
of the immature heat control centers, dilation
of the peripheral vascular bed by anesthetic
drugs, and the exposure of large vascular sur-
faces in turning a craniotomy flap all will speed
surface cooling. Direct blood-stream cooling
is produced by the administration of fluids at
room temperature and blood at refrigerator
temperature. The reported ' respiratory heat
loss when breathing cool, dry gases will occur
when anesthesia is maintained by a nonre-
breathing technique.

It is our belief that, in addition to the de-
pression of central nervous system activity by
cold, these babies have become over-anesthe-
tized., As body temperature falls the increased
solubility of anesthetic gases and vapors will
result in an increased content of these agents
in the tissues. Thus, at the end of operation
the cold baby may well be deeply anesthetized
and the elimination of anesthetic drugs will be
significantly prolonged. This represents the
greatest danger of inadvertent and unrecog-
nized hypothermia. In planned, induced hy-
pothermia this effect is expected and corrected
by reducing the anesthetic concentration in
the inhaled mixture.

Our findings may seem at variance with the
majority of the reports on the merits of hy-
pothermia. Patients with decreased body tem-
peratures are said to “do better” and to show
less postoperative stress. However, these re-
ports are concerned with planned and con-
trolled hypothermia in patients over one year
of age, whereas our studv concerns unplanned
and unrecognized hypothermia in infants un-
der one vear of age.

SUNMMARY AND CONCLUSIONS

A study was made of 168 operative experi-
ences in infants in which the causes of poor
postoperative feeding patterns were investi-
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gated. Of these patients 19 (11.3 per cent)
had difficulty re-establishing a normal feeding
pattern.  Over half of these patients had un-
explained feeding difficulties and associated
reduced body temperatures following surgery.
Ten of the 11 infants with body temperatures
below 97 F. (R.) did not follow a satisfactory
feeding pattern postoperatively, whereas al-
most all those infants with temperatures above
97 F. did have a satisfactory feeding pattern.
We believe that inadvertent and unrecognized
hypothermia in infants during surgery is an
important cause of poor postoperative recovery
of activity and feeding patterns. Continuous
recording of temperatures during surgery is
essential in this age group to detect the rapid
drop of body temperature seen in air-condi-
tioned operating rooms. Warming of infants
during anesthesia will prevent inadvertent hy-
pothermia and the associated postoperative
feeding problems. Serious hyperthermia is not
a problem in infants under one vear of age if
adequate hydration is maintained in the opera-
tive period. Rigid control of body tempera-
ture in these infants will obviate the problems
presented by either extreme.
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