Vol. 16

A COMPARATIVE CLINICAL AND STATISTICAL STUDY OF
THIOPENTAL AND THIAMYLAL IN HUMAN ANESTHESIA *

Rarpr M. ToverLr, M.D,,t
Hartford, Connecticut
Craries C. AnpErsoN, M.D.,} Max 8. Sapove, M.D,,§
Chicago, Illinois
JosepH F. Arrusio, Jr.,, M.D, || E. M. Papregr, M.D.
New York, New York
CrarLEs S. CoarLEY, M.D.,# FernanDo Hupon, M.D.**
Washington, D. C. Quebec, Canada

Scorr M. SmitH, M.D.,t} AND GEORGE J. THOMAS, M.D.{}
Salt Lake City, Utah Pittsburgh, Pennsylvania

InTrRODUCTION

Since the publication of the synthesis of the thiobarbiturates in 1935
(1) and the report of the initial clinical studies (2, 3), a large volume
of literature has been written describing the pharmacology, the toxicity,
and the clinical application of these intravenous anesthetics. Gradu-
ally, the limitations, the indications, and the usefulness of these agents
have been established, and now the thiobarbiturates generally are
accepted as being among the most satisfactory anesthetic drugs from
the standpoint of the patient, the anesthetist, and the surgeon.

Pentothal® sodium (thiopental) rapidly became popular and en-
joyed a critical attention shared by few drugs. It is interesting to
observe that, of the 18 thiobarbiturates reported in the initial publi-
cation, thiopental was selected as the most sumitable thiobarbiturate
for human anesthesia. Since the original evaluation, many thio-
barbiturates have been synthesized and tested for anesthetic effect.
The search has been directed primarily toward a thiobarbiturate which
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Nov., 1955 THIOPENTAL AND THIAMYLAL IN ANESTHESIA 911

is metabolized more rapidly in the body and which would permit even
better control of anesthesia.

During most of this search, the opinion of many investigators was
that the duration of thiopental anesthesia was due to its rapid
metabolism (4-6). Convincing evidence has been presented that the
short duration of thiobarbiturate anesthesia is dependent on a rela-
tively rapid redistribution of plasma thiobarbiturate into fat, from
which it is slowly liberated and metabolized (7-11). The method of
metabolism has not been elucidated completely, but thiopental car-
boxylic acid has been identified as one of the metabolic products, and the
process proceeds relatively slowly (9, 11, 12)—10 to 15 per cent per
hour. Based on observations with Pentothal, Surital® (thiamylal),
kemithal, and other thiobarbiturates, Brodie’s conclusions (9) are that
all thiobarbiturates owe their apparent rapid action to this redistribu-
tion from plasma to fat. These conclusions are based on specific
spectrophotometric analytical methods and have been confirmed by

TABLE 1
NuMBER oF CAsEs

Hospital Thiopental Thiamylal Total

0 Quebee 235 268 503
1 Hartford 11 106 117
2 New York City 96 86 182
3 Presbyterian—New York City 371 376 747
4 George Washington University 70 121 191
5 Pittsburgh University 14 12 26
6 University of Illinois 96 58 154
7 Presbyterian—Chicago 3 33 36
8 Utah 202 185 387
Totals 1,098 1,245 2,343

radioactive S* tagging methods (11). The concensus of many in-
vestigators is that this phenomenon is shared by all thiobarbiturates
and that the search for better intravenous anesthetic agents should be
directed toward compounds other than the thiobarbiturates.

Following the introduction of surital (thiamylal), considerable
medical literature has appeared on its anesthetic effect (13-29). Most
published clinical reports on the relative efficacy of thiopental and
thiamylal were based on clinical impressions and the conclusions are
markedly diversified. The present study was undertaken to test the
drugs critically under controlled conditions in various human surgical
procedures under ordinary conditions of anesthesia.

MEeTHODS

Nine departments of anesthesia (table 1) in the United States and
Canada participated in the study. Thiopental and thiamylal were pre-
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912 TOVELL ET AL.

pared$$ in ampules identified only by one of 6 code letters. The so-
lution of thiamylal was indistinguishable visually from thiopental.
Selection of patients for whom a thiobarbiturate ordinarily would be
used was at random. The preoperative condition of the patient, his
reactions and complications during induction, his maintenance, and
his recovery were recorded on a form containing more than 100 entries.

TABLE 2
WergHT
Thiopental Thiamylal
Hospital Difference*
N* Mean* N Mean

0 Quebec 139 131.84- 2.8 140 139.6+2.8 — 78
1 Hartford 8 124.2+11.6 91 143.043.4 —18.8
2 New York City 72 139.9+ 3.9 54 145.0+4.5 — 5.1
3 Presbyterian—New York City 196 141.7+ 2.4 215 145.2+2.2 — 35
4 George Washington University 68 136.9+ 4.0 115 141.2+3.1 — 43
5 Pittsburgh University 14 148.6t 8.8 11 138.3+£9.9 10.3
6 University of Illinois 91 1509+ 3.4 49 138.6 4.7 12.3
7 Presbyterian—Chicago 2 175.0+23.3 28 127.94+6.2 47.1
8 Utah 158 13724 2.6 151 141.5 2.7 — 4.3

Unbiased estimate of mean* 142.9 140.0

Analysis of Variance
Source of Variation D.F.* Mean Square F Ratio Significance*

Between hospitals 2,410 1.04 P>.05
Between drugs within

hospitals 9 2,308 2.13 P~.025
Error 1,584 1,085

Total 1,601

* The above headings have the following significance:
N': the number of cases.
Mean: arithmetic mean =+ standard error of the mean.
Differences are positive if thiopental is greater; negative if thiamylal is greater.

sum of hospital means

Unbiased estimate of the mean= umber of hospitals

D.F.: Degrees of freedom.
Significance: 0.05 level arbitrarily assumed; if P>0.05, difference is not significant.

Part of the patients received a coded thiobarbiturate for induection

only, and the remainder received the drugs for induction and during

maintenance, usually with supplementary inhalation anesthesia. The

forms were examined for completeness, and those forms which were

incomplete were rejected by a group of anesthesiologists |||l who did
§§ By Abbott Laboratories, North Chicago, Illinois.

Ii]| Drs. E. J. Remlinger, Norene B. Hess, Chicago, Illinois, and residents of Dr. Rem-
linger’s staff at Evanston Hospital, Evanston, Illinois.
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THIOPENTAL AND THIAMYLAL IN ANESTHESIA 913

not participate in the study. The data were tabulated by this group
in a form suitable for statistical analysis. The age, the weight, the
sex, and a general description of the patient population, the premedica-
tion drugs used, the supplementary anesthetic agents and other sig-
nificant parameters describing the patients anesthetized were tabulated,
but do not appear with this report. The data (including the surgical
procedures in each group and the ASA code risk) show the distribution
of complex surgery and poor-risk patients to be well proportioned
between each group.

Appropriate statistical analysis is designed to clarify a mass of
data, to record all the information contained in the data, and to esti-

TABLE 3
Age
Thiopental Thiamylal
Hospital Difference
N Mean N Mean

0 Quebec 233 410+ 1.1 267 40.7+1.0 3
1 Hartford 11 347+ 5.1 106 45.2:+1.6 —-10.5
2 New York City 96 471+ 1.7 86 48.4+1.8 - 13
3 Presbyterian—New York City 357 404+ 9 369 398+ .9 6
4 George Washington University 68 4154+ 2.0 115 43.02-1.6 — 1.5
5 Pittsburgh University 14 46.1x 4.5 12 28.4+4.8 17.7
6 University of IHinois 95 4944 1.7 58 49.1+2.2 3
7 Presbyterian—Chicago 2 42.0+11.9 33 45.542.9 — 3.5
8 Utah 201 38.74+ 1.2 185 38.8+1.2 -1

Unbiased estimate of mean 42.3 42.1

Analysis of Variance
Source of Variation D.F. Mean Square F Ratio Significance

Between hospitals 8 2,840 7.53 01>P>.001
Between drugs within

hospitals 9 377 1.34 P>.05
Error 2,290 282

Total 2,307

mate the precision of the data. Information of the type obtained in
such a study is subject to certain errors, controllable and uncon-
trollable. Error is introduced by the variability of interpretation of
results, by differences in clinical judgment as to degree of subtle
changes, as well as error in recording, ete. However, these errors can
be balanced for the purpose of such a study by the equal distribution
of error in both drug groups, and biometries provides accurate methods
for the evaluation and the measurement of the factors contributing
to error.

The application of elaborate and precise methods of statistical
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914 TovELL ET AL.

analysis to such data may be less justifiable than simple analysis to
the largest volume of data. However, because of the considerations
mentioned above, analysis of the data in this study was approached
in several ways. First, the information to be analyzed was pooled
across all hospitals, and standard methods of statistics applied. The
arithmetic mean and its standard deviation (the standard error of the
mean) were calculated, and the ‘“t’’ test applied to test the significance
of the difference in the means. The complications also were pooled,
and the probabilities of their occurrence were expressed as percentage
incidence. Second, analysis of variance (30-32) was applied to the
data and the incidence of complications evaluated by means of the
chi-squared test.
TABLE 4

ToraL DosE oF INTRAVENOUS ANESTHETIC AGENT/WEIGHT OF Parrent/ToraL TiMe
INDUCTION AND MAINTENANCE

Thiopental Thiamylal
Hospital Difference
N Mean N Mean
0 Quebec 106 .089-+.009 102 .084+.009 .005
2 New York City 19 .156.020 19 .1292-.020 .027
3 Presbyterian—New York City 133 .085-.008 127 .089+.008 —.004
4 George Washington University 63 1092011 108 .136+£.008 —.027
5 Pittsburgh University 13 2174024 11 157 +.027 .060
6 University of Illinois 19 083+ .20 17 .080+.021 .003
8 Utah 120 .1244-.008 123 .088+.008 .036
Unbiased estimate of mean .123 .109

Analysis of Variance

Source of Variation D.F. Mean Square F Ratio Significance
Between hospitals 6 071665 3.39 P>.05
Between drugs 1 018718 <1
Interaction 6 021143 2.71 05>P>.01
Error 966 007791

Total 979

Tables 2 and 3 shows the weight and the age distribution of the
patients anesthetized. The recording of the various procedures ap-
plied to these data will serve to illustrate the foregoing discussion.
It is apparent that there is considerable difference in the mean values
of ages and weights in the participating hospitals; this variation is
shown to occur not only among hospital averages but also among the
patients receiving the drugs under test. This is reflected in the values
for ¢“F'’? indicated. The value reported as the ‘‘unbiased estimate of
the mean’’ is the result of totaling the individual means, and dividing
by the number of means (number of hospitals). The discussions above
are now brought into focus, and the question proposed as to the effect
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THIOPENTAL AND THIAMYLAL IN ANESTHESIA 915

of these differences on the conduct of anesthesia. There is no evidence
to indicate that a difference of several years of adult age has any re-
lationship to the effect of a drug, and the mean ages are greater for
thiopental in some hospitals and greater for thiamylal in others. The
same observations pertain to the weights. Table 2 indicates that the
weights of patients within hospitals between drugs is significantly
different, whereas the ages are significantly different among hospitals.

Accordingly, it has been considered advantageous to analyze the
data of this study with the techniques described, namely, the variance,

TABLE 5
ViraL S1GN8
Average Value
Period Drug
Blood Pressure Pulse Respiration
(mm. Hg) (/min.) (/min.)
Thiopental 124.1* 88.3* 19.5*%
Preanesthetic Thiamylal 127.7 89.6 19.3
value Significance
of difference None None None
Thiopental —6.8f —2.5 —-0.2
Induction Thiamylal —6.9 —-0.2 -0.3
changes Significance
of difference None None None
Thiopental +5.0 +1.2 +1.6
Maintenance Thiamylal +6.9 + 6 +1.2
changes Significance
of difference P<0.001 None None
Thiopental 5.0 -0.9 —~0.4
Recovery Thiamylal —-5.2 —-0.7 -0.5
changes Significance
of difference None None None

* All figures are unbiased estimates of the mean for all hospitals (see text).
t 4+ and — signs indicate positive or negative net average changes.

the error, and the interaction. On the other hand, it is considered
pharmacologically justifiable to view the complications and other ob-
jective parameters as additive, since such observations are related to
the immediate previous status of the patient and are reducible to
individual relative measurable values. The results obtained by either
approach do not appreciably alter the conclusions; however, both

methods were calculated for the sake of completeness.

REsvuLTs

Table 1 describes the distribution of cases in the participating hos-
pitals. Table 4 illustrates the second type of analysis of variance in
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916 ToOVELL ET AL.

which the interaction is significant but the difference between drugs
is not significant.

Preanesthetic blood pressure, pulse, and respiration, and the
changes which occurred in these vital signs during the periods of
anesthesia, are tabulated in table 5. For the sake of summarizing

TABLE 6
InpucrioNn PErIOD
At’f)1 ?&togfpll)i;gg Thi(?,ﬁ’: Etal Théﬁ:;’)'lal Difference Significance
Nystagmus 156 146 10 None
Inability to open eyes 261 252 9 None
Comparable with Plane I
of ether 390 357 33 None
To intubate 475 424 51 0.05>P>0.01
(mg./1b.) (mg./1b.)
Nystagmus 1.11 1.05 0.06 None
Inability to open eyes 1.96 1.81 0.15 ‘None
Comparable with Plane I
of ether 2.66 2.49 0.17 None
To intubate 3.66 3.07 0.59 None
TABLE 7
INDUCTION AND MAINTENANCE
Thiopental Thiamylal Difference Significance
Time (minutes) 72.62 69.62 3.00 None
Total dose (mg.) 847 767 80 None
Total dose (mg./lb.) 6.29 5.92 0.37 None
Total dose (mg./lb./min.) 0.123 0.109 0.014 None
TABLE 8
RECOVERY PERIOD
Thiopental Thiamylal Difference Significance
Number of cases of induction only 417 416 No None
Time after anesthesia to:
Maintain airway 33 min. 34 min. 1 None
React to pain 27 min. 30 min. 3 None
React to touch 35 min. 34 min. 1 None
React to voice 39 min. 39 min. No None
Answer questions clearly and
intelligently 67 min. 70 min. 3 None
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THIOPENTAL AND THIAMYLAL IN ANESTHESIA 917
TABLE 9
InpucTtroN COMPLICATIONS
Thiopental Thiamylal Difference Si%’;gg::;:ed
Time required (minutes) 1.00 £ 0.06 0.95 4 0.04 0.05 None
271 303
Apnea — 23489, —, 23.629%, 0.14 None
,154 ,283
Duration of apnea 24.50 £+ 1.01 22.72 + 0.99 1.78 None
(seconds)
41 62
Cyanosis —, 3.559, —, 4.839, 1.28 None
1,154 1,283
41 43
Laryngospasm —, 3.67% —, 3.51%, 0.16 None
, 1,225
Duration of laryngospasm | 22.5 3.3 35,0 £3.8 12,5 001 >P
(seconds) > 0.001
19 19
Arrhythmia —, 8.769%, —, 11.059, 2.29 None
217 172
6 9
Hiccough —, 0.529, — 0.709%, 0.18 None
1,154 1,283
44 45
Swallowing —, 3.819%, ——, 3519, 0.30 None
1,154 1,283
10 6
Retching —, 0.879%, — 047%, 0.40 None
1,154 1,283
9 4
Vomiting —, 0.78% —, 031% 0.47 None
1,154 1,282
4 1
Trismus —, 0.35%, —, 0.08%, 0.27 None
1,152 1,281
19 17
Stridor —, 1.65% —, 1.33% 0.32 None
154 1,281

these results in convenient form, the unbiased estimate of the mean {1
is presented as a representative figure, but the figure recorded as the
significance of the difference is calculated from analysis of variance,
as illustrated in tables 2, 3, and 4.##

99 The term ‘‘unbiased estimate of the mean’’ is a mathematical deseription of the
process used to derive this figure. It does not imply that no bias is introduced. Since the
analysis of variance indicates the data are not additive, the figure approximates a mean and
is more accurate than the true arithmetic mean summed across all the data. It is introduced
only to facilitate tabulation of the data.

# # Complete statistical data and calculations have been compiled, but for the sake of
conciseness are omitted from this publication.
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918 ToVELL ET AL.

TABLE 10
MAINTENANCE COMPLICATIONS
Thiopental Thiamylal Difference Significance
Arrhythmia
Extrasystole 7 7 0
Auricular fibrillation 2 0 2
Sinus tachycardia 3 2 1
Bradycardia 1 1 0
Other 3 10 7
Total incidence 16 20
Total cases reported 368 397
Per cent of incidence 4.34 5.04 0.70 None
19 28
Cyanosis —, 2.7% —, 3,49, 0.7 None
700 833
TABLE 11
RecoveErRY COMPLICATIONS
Thiopental Thiamylal Difference Significance
2% 7
Arrhythmia —, 0.27% —, 0.81% 0.54 None
736 859
23 23
Cyanosis -—, 3.13% —, 2.67% 0.46 None
735 861
3 4
Laryngospasm , 0.49% —, 0.56% 0.07 None
618 717
51 55
Restlessness and —, 6.93% —, 6.40% 0.53 None
jactitation 736 859
22 28
Coughing —, 2.99% —, 3.26% 0.27 None
736 859
7 3
Hiceough —, 0.95%, —, 0.35% 0.60 None
736 859
7 4
Trismus , 0.95%, —, 0.469, 0.49 None
735 861
10 6
Delirium —, 1.36% —, 0.70% 0.66 None
735 861

* The numerator of each fraction represents the occurrence of the complication in the number
of recorded observations listed in the denominator.
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THIOPENTAL AND THIAMYLAL IN ANESTHESIA 919
TABLE 11—Continued
Thiopental Thiamylal Difference Significance
11
Nystagmus ;3—, 1.509, —, 0.709%, 0.80 None
5
80 117
Nausea -—, 10.909%, —, 13.599%, 2.69 None
734 861
84 74
Vomiting —, 11,439, —, 8.599%, 2.84 None
735 861
0 1
Sneezing —, 00 9% —, 0.129, 0.12 None
735 859
8 4
Retching —, 1.09% —, 0.46%, 0.63 None
735 861
19 20
Pallor —, 2.599%, —, 2329, 0.27 None
735 861
24 45
Headache —, 3279, —, 5.239%, 1.96 None
735 861
2 4
Ataxia, —, 027% —, 0.46%, 0.19 None
735 861
0 0
Thrombosis at site of in- —, 00 9% —, 00 9, 0.0 None
jection 735 861
TABLE 12
OTtHER RECOVERY COMPLICATIONS
Complication Thiopental Thiamylal Significance
0 24
Dizziness — —, 2.799%, P ~0.001
735 861
Fever 5 5 None
Prolonged restlessness 0 1 None
Irregular pulse 0 1 None
Twitching of muscles 0 1 None
Herpes 0 1 None
Prolonged hypertension 0 1 None
Urticaria 0 1 None
Circulatory collapse 0 1 None

It will be noted that the observations tabulated by some hospitals
are so few that their contribution to the results could be questioned.
It has been found that these entries do not affect the conclusions based
on analysis of variance and they are included for completeness.
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920 ToveLL ET AL.

Table 6 describes the amount of drug used in the induction period
expressed as milligrams and as milligrams per pound of body weight.
Table 7 summarizes the time and the dosage for the thiobarbiturates
used during induction and maintenance, and table 8 indicates the time
required for the patients to react to the listed endpoints. Tables 9,
10, and 11 show the incidence of complications in the induction period,
the maintenance period, and the recovery period, respectively. Table
12 summarizes the complications that occurred during maintenance.

Discussion

The results of this investigation, as summarized in tables 5, 6, 7,
and 8, and the incidence of complications, summarized in tables 9, 10,
11, and 12, indicate little difference in effect of thiopental and thiamylal
in routine human anesthesia. The only differences which have statisti-
cal significance are the greater elevation of blood pressure during the
maintenance period with thiamylal, a borderline greater amount of
thiopental to accomplish induction to the endpoint of ‘‘to intubate’’
(see table 6), which disappeared when the amount of drug per pound
and the amount of drug per pound per minute was calculated, a longer
duration of laryngospasm for thiamylal, and a higher incidence of
dizziness during recovery for thiamylal.

The evaluation of subtle differences in similar drugs based on
clinical impression can be misleading. Not only may unconscious
bias arise, but, also, long familiarity with a drug justifies more confi-
dent administration. This confidence may yield higher dosage sched-
ules, for example, than the careful titration of effect with an un-
familiar drug. These factors are recognized by Gain (14) and his
associates, who state that their conclusions ‘‘merely record our clini-
cal impressions’’ and that an ‘‘accurate comparison’’ is contemplated.
The only direct comparisons of thiopental and thiamylal reported are
those of Lorhan (21) and Tuohy (19), and reference will be made to
the results of these investigators.

In general, the results of the present study are in agreement with
the clinical observations of Dillon (16), Lorhan (21), Tuohy (19),
Kirchof (15), Griffith (17), Stephen (29), Spencer (23), and Littlefield
(24), and in some regards are contrary to the clinical impressions of
Gain (14), Rovenstine (13), Lund (25, 26), Clarke (20), Phillips (27),
and Wall (28). Since, in most reports of clinical comparisons of the
2 drugs, reported differences are characterized by the qualification
“‘seems to be’’ or ‘‘apparent,”’ this investigation was undertaken to
compare thiamylal and thiopental with regard to incidence of laryngo-
spasm, cardiac toxicity, potency, and more rapid recovery from an-
esthesia.

The incidence of laryngospasm recorded in the medical literature
shows marked variation, not only with the thiobarbiturates, but also
among investigators and drugs. Dillon (16) reports an incidence of
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TH10PENTAL AND THIAMYLAL IN ANESTHESIA 921

24 in 700 patients (3.4 per cent) receiving thiamylal (actual figure in
the report is 0.34 per cent, an obvious typographiecal error). Lorhan
(21) reports an incidence of 3 cases of laryngospasm in 103 patients
(2.9 per cent) receiving thiamylal alone, and 4 cases of laryngospasm
in 200 patients (2.0 per cent) receiving thiopental. Rovenstine (13)
reports an incidence of 8.0 per cent in 1,200 patients receiving thiamylal,
and Spencer (23) reports less than 1 per cent receiving thiamylal in
300 cases. The present study shows no significant difference in the
incidence of laryngospasm with thiamylal and thiopental (see table
9). However, contrary to the reports of Dillon (16), Rovenstine (13),
Gain (14), and Lund (26), the duration of laryngospasm is found sig-
nificantly longer in duration with thiamylal than with thiopental (P <
0.01, table 9). Littlefield (24) noted an incidence of 28 cases of laryngo-
spasm in 1,000 cases with thiamylal (2.8 per cent), 25 of which were
reported as severe and 3 as mild.

The contribution of thiobarbiturates to cardiac arrhythmia is more
difficult to evaluate because of the relatively inefficient methods of
measuring preoperative cardiac reserve, of the important influence of
asphyxia, and of the trauma of intubation. Stephen (33) recently
summarized the previous animal work relating to the cardiovascular
effects of the thiobarbiturates (34-37) that there might be some direct
effect on the myocardium and the lack of effect in humans noted by
Volpitto (38). He demonstrated that the rate of injection—as in the
rapid induction technique—produced a high incidence of arrhythmia,
whereas slow induction revealed no electrocardiographic changes.
Gruber (39) also reported the differences in effect of thiobarbiturates
when administered to human beings and experimental animals. In
comparing thiopental and thiamylal, Stephen (33) noted a statistically
greater incidence of cardiac arrhythmias with thiopental than with
thiamylal when administered rapidly with a muscle relaxant. On the
other hand, Rosner (40) described reduction in electrocardiographic
disturbances when thiopental was used over the incidence of dis-
turbances during induction in routine techniques without thiopental.

In the present study, composed of both rapid induction and slow
induction, the results show no statistical significance to the difference
between the 2 drugs. The data for induction are totaled in table 9,
and for recovery in table 11. The totals and the incidence of the
various forms of arrhythmia are summarized in table 10. No inei-
dence of precipitous hypotension was encountered as reported by
Spencer (23) and Clarke (20). Statistically, the incidence of brady-
cardia with thiamylal as reported by Lorhan (21) was found not sig-
nificant in the present series. One case of protracted hypertension
was encountered with thiamylal similar to that deseribed by Spencer
(23), but which did not resolve in precipitous hypotension. Reference
to table 5 shows that the only significant difference was in the average
decrease in blood pressure with thiamylal during the maintenance pe-
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922 TovELL ET AL

" riod. We are in accord with the views of Volpitto (38), Seevers (36),
and Stephen (33) that the influence of asphyxia with thiobarbiturates
is more important in the clinical application of these drugs than a
direct effect on the myocardium. In this connection, the respiratory
depression encountered in this series, as indicated by the incidence of
apnea and the duration of apnea in the induction period (table 9),
shows extremely little difference.

The comparative potencies of drugs must be related either to some
drug as a standard, or to each other for relative effect. The amount
of drug required to produce an effect, or the duration of effect pro-
duced by administration of an equivalent dosage, can be selected for
the comparison. In the most commonly quoted animal experiment
relative to the potencies of thiopental and thiamylal, Seevers et al.
(41) used both approaches to determine the relative potencies of thio-
pental and thiamylal. They reported that, at a dosage level of 25.0
mg./kg. (dogs), the mean duration of anesthesia for thiopental was
74.4 minutes and 132.2 minutes for thiamylal. 15.0 mg./kg. of thio-
pental and 10.0 mg./kg. of thiamylal was necessary to produce an
average sleeping time of approximately 26.0 minutes. In the present
study, dosage of 6.29 mg./Ib. (13.84 mg./kg.) of thiopental and 5.92
mg./1b. (13.02 mg./kg.) of thiamylal was required to produce a sleep-
ing time of 72.62 minutes for thiopental and 69.62 minutes for thiamylal.
There is no statistical difference between 6.29 mg./Ib. and 5.92 mg./1b.
nor between 72.62 minutes and 69.62 minutes. We have not considered
the time required for induction to any of the endpoints as reliable,
since the average time is very short and the endpoint broad.

The differences among species have been reported (39, 45, 47),
as well as the differences among drugs in the same species (47).
Richards (46) has shown that, in rabbits, thiamylal is shorter acting
than thiopental with an equal fraction of the fatal dose. In monkeys,
thiamylal is almost twice as long acting as thiopental with a dosage
of 25 mg./kg. (46). Kelly (42) has demonstrated that plasma levels
for thiamylal and thiopental are similar and concluded that the rate
of detoxification of the drug is the same regardless of potency. How-
ever, Kelly (42) utilized the work of Jailer and Goldbaum (4), which
has been shown (7, 8) to be unable to differentiate between thiopental
and the inert thiopental carboxylic acid degradation product. The
work of Kelly (42) is used to support the observations of Seevers
(41), and this work must be reviewed in light of the observations by
Brodie (8, 9) that all thiobarbiturates behave similarly in distribution
into fat. 'The difficulties of interpretation of the relative potencies are
well illustrated in the work of Barran and Wylie (43), who show that,
in a controlled clinical experiment on volunteers, evidence was ob-
tained to indicate that thiamylal is more potent than thiopental and
conclude that recovery from a given effect is slower following thiamylal
than following thiopental. Perhaps the most effective clinical im-
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pression as to the relative potencies of thiamylal and thiopental is
that of Lundy ef al. (44), who report that, although use of thiamylal
has proved satisfactory, the assignment of definite advantages to either
is difficult because their action is so similar.

Regardless of the relative potencies in dogs, the evidence obtained
in this series indicates that there is no significant difference in the
potencies of the 2 drugs in humans. This observation is in agreement
with the work of Kirchhof (15), Tuohy (18), Dillon (16), and others
(17, 21, 24).

Recovery time for thiamylal and thiopental is related intimately
to the potency of the drugs and to the cumulative effects. The work
of Seevers (41) offers convincing evidence that thiamylal is less
cumulative in the dog; on the other hand, Brodie (8, 9) has demon-
strated that pentobarbital is metabolized at very nearly the same rate
as thiopental in the dog. Swanson (47) has demonstrated that species
differences exist in the response, not only among species but also be-
tween thiopental and thiamylal. The fallacy of extrapolation to
human effect becomes apparent. None of the reports cited has tested
the problem of recovery and cumulative action critically in the human;
all quote the animal experimentation and unjustifiably conclude that
thiamylal may be more potent. However, in the present study, fre-
quent conjecture as to the identity of the coded ampules of drugs was
entertained by the participating physicians, and in no case were the
guesses more correct than expected by chance variation. Table 8
summarizes the average time required to react to the various end-
points, and emphasizes the remarkable similarity in recovery time.

Postoperative nausea and vomiting has been reported in a large
percentage of patients receiving thiamylal by several investigators.
For example, Lorhan (22) comments on the incidence of 30 (15 per
cent) in his series of 200 cases. Littlefield (24) reports 44 cases (44
per cent) of nausea and vomiting in 100 cases receiving thiamylal;
Tuohy (19) reports a slightly higher incidence with thiamylal over
thiopental. The present series shows no significant difference in the
incidence of nausea and vomiting.

A surprising result of the study reveals a statistically significant
greater incidence of post-recovery dizziness with the use of thiamylal.
This effect is summarized in table 12, with complications of doubtful
relationship to anesthesia.

CoNCLUSIONS

In human anesthesia, there is no statistically significant difference
between thiopental and thiamylal with regard to potency, cardiotox-
icity, respiratory depression, incidence of laryngospasm, or recovery
time.

Four statistically significant differences between thiopental and
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thiamylal which probably are of no clinical importance have been
noted: (a) a greater duration of laryngospasm with thiamylal, (b)
a greater elevation of blood pressure during the maintenance period
for thiamylal, (¢) thiamylal shows a statistically significant higher
incidence of dizziness in the recovery period, and (d) a greater amount
of thiopental was used to accomplish the endpoint of ‘‘intubation’’
when expressed as total amount of drug. The difference expressed
in (d) disappeared when the amount of thiopental per pound and the
amount of thiopental per pound per minute was determined. No sig-
nificant difference appeared in the other endpoints selected for the
induection period.

No apparent differences of clinical significance have been observed
between thiopental and thiamylal in human subjects.

SuMMARY

A blind study involving 1,098 thiopental and 1,245 thiamylal hu-
man anesthesias under routine conditions of anesthesia is presented
with a statistical analysis of the effects of the drugs. Particular at-
tention has been focused on the relative potencies, occurrence of
laryngospasm, cardiotoxic effects, respiratory depression, recovery
time, and cumulative effect. The results of other investigators rela-
tive to these points are mentioned and compared with the data obtained
in this study. Diserepancies and similarities are discussed.
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