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Extracted from the Ameriean Journal of the Medical Seienees,
Oetober, 1923, No. 4, vol. elxvi, p. 519

SOME OBSERVATIONS ON THE PHENOLTETRACHLOR-
PHTHALEIN TEST AS A MEANS OF DETERMINING
LIVER FUNCTION.*

By Jurivs FriEpExwaLn, M.D., .
AND

W. Horsery Ganrr, M.D.,

DALTIMORE, MDD,

(From the Gastroenterological Clinie of the Department of Medicine, University of
Maryland.)

SiNcE the publication of the work of Rowntree, Hurvitz and
Bloomfield," in 1913, advoeating the use of phenoltetrachlorphthalein
as a test for liver function, considerable attention has been directed
to this test. Inasmuch as the dve was first collected through the
feces, many discrepancies were noted as to its determination by
various observers; so that Whipple,® MeLester and Frazier® and
Kahn and Johnston,* report unfavorably concerning it, while
Sisson,® Chesney, Marshall, and Rowntree,® and Krumbhaar,” on the
other hand, consider it of considerable value as a means of deter-
mining liver function.

On account of the great variations in result, MeNeil® recommended
the collection of the dve through the duodenal tube, and Aaron,
Beck and Schneider,® as well as Piersol'® have since advocated this
method. F n]lnmng the plan advised by Aaron and his co-workers,
we have given 169 single injections of this dve to 93 individuals,
utilizing the stable solution recommended by them.

Tecnnic. The technic in carrving out the test, is as follows:
[mmediately before injecting the dye, the duodenal tube heing held
e sifu, with a strip of adhesive wrapped around it beyond the third
mark and the free end of the adhesive strapped on the cheeks, the
patient is given two or three glasses of ice-cold water to drink. In
nervous hypersensitive patients, hot water should be introduced
very slowly through the duodenal tube. The object of the water is
to stimulate the gall-bladder to contract, as well as to relax the
sphineter of Oddi and to provide a free flow through the tube. When

* Prosentod at the Meeting of the Association of American Phyaicians, May, 1923.
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this flow is established, 1 cc containing 75 mgm. of the disodium
salt of the phenoltetrachlorphthalein is diluted with 5 ce of sterile
physiological salt solution and injected intravenously. It is better
in our experience to detach the needle from the syringe and insert 1t
first into the vein, as the color of the dye makes it difficult to note
the return of the blood through the needle. A bit of gauze is held
firmly around the needle when it is withdrawn to prevent any return
leakage, as the phthalein is extremely irritating to the subcutaneous
tissues.

Previous to utilizing this method of dilution, considerable irrita-
tion of the arm resulting from a leakage of the dye through the vein
or the escape of even as small an amount as a drop into the subcu-
taneous tissues was produced and several instances of thrombosis
resulted from the action of the concentrated dye on the walls of the
vein at the site of the injection; but since using sterile salt as a
diluent, we have not noted a single untoward effect.

The flow from the duodenal tube is allowed to run by gravity into
successive porcelain basins, containing 2 cc of a 40 per cent sodium
hydrate solution to secure the time of maximum appearance of the
dyve. If the flow through the tube ceases, the patient should be
given more water and in some cases where there is no flow of bile, by
the use of the water, 3 cc of a 10 per cent hydrochloric acid solution
in 30 cc of water should be injected through the duodenal tube.

Due to the possibilities of error we have not followed the method
advocated by Piersol;® that is, the estimation of the output of the
dye, but have limited our studies to its time appearance, which
according to our experience, has been extremely constant.

The usual cause of failure to obtain the dye in a normal individual
is due either to not having the duodenal tube in proper position or to
the absence of a free return flow of water through the tube.

The tables on pages 3, 4 and 5 illustrate the time of excretion
of the dye in normal and pathological cases.

As a result of the study of our 93 cases the following observations
are noted.

Method of Administration. The dye should only be utilized
intravenously; when given subcutaneously once and intramuscularly
twice to a normal individual having an excretion time of fifteen
minutes, there was no appearance in two hours when the tube was
withdrawn. Preceding the administration of the dye by a non-
surgical biliary drainage, has apparently no effect on the time of
excretion.

Daily Variation in Normal Individuals. A reference to the table
in which the test was made in 20 normal individuals (in every
instance more than once) reveals variations of only a few minutes
from day to day in the time of appearance of the dye. A longer
variation than this we consider indicates either imperfect technic
or some pathological affection.
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Phthalein exeretion.

[
|
Diasgnosis, !
1

Date. | Age.| Sex. . |Tim-:_ﬂf|
Initial | maxi- | Character of
time. | mum flow.
| .
[ BALY.
9~ g=39 | 21 | 31, |/Achylia gastrica Twmin.| 9 | Constant,
1-31-28 5 112 1
=, 3=15=22 | 25 | M. Cpnt;‘_:-rlml jaundice (subsid-| 8 | 30 |
i | i
S=17=02 | 14 30 | Faint.
8. 3-21-22 | 38 | M. | Chronic cholecystitis | B 14
o=158-22 |12 15
F. 8-22-22 | 55 | F. | Paresis (early) 5 11
T 2-20-22 | 26 | .. Tﬁphoid relapse e T
B. 12-22-21 | 45 | M. | Cholelithinsis, ehronie chole- | None in . G0 min,
cyatitia |
12-23-21 R Mongin} 78 min.
12-24-21 | None in 90 min.
12-28-2] 24
1- 522 | ] 12
A, 1-25-22 | 40 | M. | Meurosis 20 | 25
2= 323 0 15
3 3-23-00 S M. | Gastric neurosis | 8 14 =
G. 1-29-22 | 63 | F. | Chronie cholesystitis, chol- | 9 min. | 13 min
| angitis and  gall-bladder |
| caleali
2-15-22 | (15 16
D. 5-10-22 | 55 | F. | Chronic cholecystitis, adhe- | 10 [ 14
| sions and morphinism :
| B 4-24=02 | 15 | M.  Acute catarrhal jaundice 10 | 14
d-26-22 10 | 16
H. - 2-22 28 M. | Psychoncurosis 10 12
F-10-22 10 16
9. d- 6-22 58 | M. | Paychoneurosis 10 10
: G- 7-22 | 38 | M. | Malnutrition, viseeroptosis, | 10 14
;) 28| neurosis |
8. 4-25-22 55 | M. | Artericaclerosis and myo- 10 16
| | _eardial insufficioncey
i ) S | 14 | M. | Epilepsy, achylia nervosa |11 | 14
K. 3-20-22 | 86 | M. | Cancer of rectum with ab-| 12 | Faint.
| dominal metastases [
H. = 522 | 53 | M. | Chronie cholecystitis, gas-| 10 14
tric neurosis |
5= =50 15 L]
5= =22 | 10 14
5-15-=22 | 15 45
G=16-02 [ 15 15
5=20-22 | | 19 20
o-22-22 I |
5-31-22 | | - 20) | 25
5-24-22 | | Given sdrenalin Mx 13 |
1-11-22 | 40 | M. | Byphilis, sccondary 16 | 18
| . 1-15-22 | 10 14
B. d—3-22 | .. | .. | Posteclampsia 11 min. | 15
1By 1-11-22 | 42 | M I Chromnic  cholecystitis, ee- | 14 20
| ZOIL
1-17-22 | | | 13 13 Faint.
1-14-22 | 12
:C. 4=-12=22 | 30 | M. | Acute cholecystitis 12 1%
| B. 3-27-22 60 | F. | Syphilis of liver 11 12
5 5=22 25
A, 2= D23 | 35 | M. | Cardiae decompensation 13 Li
(Chronie IV congestion.
| | Autopsy
A, 1-13-22 | 45 | M. | (Afier o tion for stones) | 15 | 18
1=15=-22 | Gall- draining 12 [ 16
1-23-22 ; 11 14
P. 1-12-22 | 45 | F. | Chronie polyarthritis 20
1-16-22 [ 13
, 1-18-22 | 13
| A. 1-27-22 | 48 | F. | Neurosis { }g | gg
|W. 2- 6-22 | 45 ‘ M. | Gout 13 26
| | | |
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Phthalein exeretion.

|
No. of | | | | : i
No.of| obser- | Mame.| Date. | Age | Sex. Diagnosis. 'Tims ufl
CASE tions Initinl = maxi- | Character of
g ' ! time. | mum How.
‘ | inten- |
| | | HILY.
20 57 | w. | 12-24-21.| 25 | M. | Addison's disease 'zg 'ﬁ
| % fe 4 W |10 6 =
a0 | e |R 1-18-22 26 F. | Pregnaney na mos.) 13 |15 .
31 81 |W. 2-10-22 | 30 | F. | Posteclam 13 16
32 62 |8 1-12-22 | 40 | F. Uhnlecsrahth 5% !
ﬁ 12
3 | 4
|
g7 | C. 5 §-22 | 30 M. | Epilepay, polyeythemia 12 14
ﬁ 68 | A. 3-9-22 | 25 | M. Blehloride puf:gmng 15 17
35 6o | B. 1-26-22 | 48 | M.  Canecerstomach (inoperable) 15 15
a6 'ﬁ K. 3—5&3_2&:35 . 40 M. MNormeal |i: ig |
] | 1-183-2% | 82 | F. aney (8 monthe) 14 18 I
ﬂ ﬁ H. | 3-18-22 42 | F. I %mu f;.a'&s E- EE
3 | 78 |M 4- 322 24 | F. | Subacute cholecystitis 15 18
4 78 | M. 3-8-22| 80| .. Chuluuum and chulullth— 15 18
41 e 5 8 2=18-22 | 50 | F. Eﬁlampam (3 dayvs after de- 15 16
42 | 75 |T. 3-30-22 a8 | F. Hrpa?l?rmldlt , cholecystitis | 15 |18
43 79 |T. 3- 422 &8 F. Chronic cho uuyuli’m 16 |18 :
44 80 | M. 3- 1=-22 | 40 F. | Acrtic anourysm 18 35 Faint.
45 81 |J. 1—213—22| 55 M. | Chronie alcoholism 1T | 19
gD i
46 g4 |G 1-17-22 | 20 | M. .Dmbma (severe) 16 | 19
47 85 | B. 4- 6522 65 F. Cu:mer pancrens and liver | 16 45
[ gnun-ohuf,nwm&} |
48 g6 | F. 3-1-22 | 40 F. | Visceroplosi 18 )
49 E; B. 1—11—m| 22 | M. | Syphilis (mnmla.rg.r] ﬂ 123
50 g9 |8 1-17-22 | 18 | M. Rupture of liver 19 |21
51 g? AL {—}g—_ﬁ a2 | M. 'T]:ynmn:imuia %g 16
B 03 |2 1-14-22 | 45 | AL | Appendici 19 22
63 93 | B 0- §-22 | 26 | M. |T5rpl:md (cam-aluunﬂ 21 |
a4 2- B-22 | Acuie cholecystitis 14
95 20022 | 15 30
wl ¥ls |22 2 =
5 | 98 |8 12-24-21 | 58 | M. Maluutrition 20 22 .
5 | © |W. | 32822 | 70 | M.  Chronic cholecystitia with 10 22 Intermittent,
| cholelithinsis
100 | 3-17-22 . 14 25 :
108 i - 4 N [yl R
7 | 108 |T. 3~1M2i 26 | F. | Chronic cholecystitis, neu- | 20 20 Faint.
| TiElE
58 | 104 |C. 1-10-22 | 11 | F.  Epilepsy, hyperpituitarism
50 i% | A 1- 5-22 | 65 ‘ M. gmfmmm, :lfllmwm. % gg
1 | cholelithinsis
107 | 292 27 4
60 108 2-16-22 70 | M. | Chronic cholecystitis a2 |22 Faint after 22
| t T
61 100 | H. 2- 8-22 | 45 | M. | Chronic cholecystitis 22 26
a2 | 110 B T 82 | M. C!;m_ni-:g cholecystitis, chole- | %:3’.‘ i gg
63 | H% &, | ﬁgﬁg 55 | M. | Diabetes (moderate) l 25 25
i 112 |W., | 2-24-22| 3 | M. | Hepatitis | 0in u. {aubm:uanmuslyl
65 H‘E G | & 1-22 | &5 | M. Up,rrhuma of liver (fatal) | g %3,0 .
| I-D
85 | 116 |W. =21-22 | 45 | F. | Chronic pancreatitis, hy- |
| drops of gall-bladder | 0in 120 min, i
| 117 3-10-22 Oin m| i,

&




FRIEDENWALD,

GANTT: PHENOLTETRACHLORPHTHALEIN TEST O
1 ithaleyn sxoeretion.
_ ' | Phthalei i
No. of | ! '
No.of | obser-  Name.| Date. Age, | Box., Dingnosis. Time of
cases.  vations, | | Tmitinl A Y= Character of
| | time. TR fow.
| | inten=
| | sy,
|
118 | 4-12-22 | 0 in 50 min.
118 | | 2- 422 0in 2-!0 min.
120 | 2-20-22 0 in 75 min.
121 | el B Faint in 120 min,
PR 2-17-22 | 0 in 75 min.
i 123  W. 12-23- 22 | 58 | M. | Chronic pancrestitis |45 45
68 124 | B. 2- 1-22 | 25 | F. |Eclompsia (st test while in | 0 in 40 min.
125 | | eclampsia, just after con- O in 150 min.
128 | | vulsion; last teat after re- | 195 fain®
127 | | EOVEry L 15
GO 128 |T 1-10-22 I 70 | F* | Cancer head pancreas with | 0 in 2 hrs.
truction
70 129 IS 1-11-22 | 50 | F. | Cancer head pancreas, chole- 0 in 2 hrs.
: cystEastrostomy
71 1830 |W. 2-13-22 | 3 | M. | Cirrhosis of liver 0 in 120 min.
181 | 29109 | | 0in 45 min. o L
132 3 =223 | | 20 very Inink 90 until 45 min.
72 138 | 8. 2 722 | 38 | F. |Cholelithinsis, acute chole- 21 24
| cyvstitia
13¢ | 2-20-22 18 22
135 { 22222 24 faint 24
136 292702 ]H
137 | D142 a1 24
138 | §- 2-22 . 18 20
i3 130 | G. | 1-11-22 | 45 | M. | Cancer stomach 21 28
74 40 | L. 5-13-22 | 74 | F. |Stonein common duet 0 in 40 min.
141 §5-15-22 | Starvation (4 to 8 days) 0 in 40 min. :
142 a-10-22 | 1% | 85 Faint,
143 E=17=22 | | 17 | 20 Intermittent.
75 144 B 2-25-22 | 45 | F. E!l.[ﬂne in common dact, jaun- | 19 i'—"ﬂ
] |
e | | 1
147 | by T | | 14 47 Intermittent.
i 148 |B 1-21-22 | 78 M. Stonein common duct, chol- | 19 19 Very faint,
| [ angitis (zevers) 4 R I
140 | 1-22-23 35 T8 Very faint.
150 | 1-23-22 (1) i) Very faint,
i 151 | B 2-13-22 | 46 | F. | Cholelithiasis, cholecystitis, | 25single spurt at 25, none after.
| syphilis of liver
152 | 51829 | 70 faint, intermittent pale bile.
78 158 | G. d4— G-22 | &5 Stone in common duet 36 3 F:’.;'It;ﬁlﬁ"
70 154 AL 4-20-22 | 44 * | Btone in common duct 40
&0 155 (8. a-1a-22 | 30 | M. | Cirrhosis of liver, syphilis | 45{aint 120 normal,
81 156 B, 1-22 | 52 M. | Cancer head pancreas (ob-| O in 3 -
| | atructive .
B2 157 T 4-13-22 | 30 | M. | Salvarsan gaund.me Din 75 minuted hile lows freely.
53 158 | B. | 4-21-22 58 | M. | Cancer pancreas 0in 3 hrs
B4 159 B. = 2-22 | 18 | F. | Fregnancy, chn[chthm.ms 15 G4
Bb 1640 3 5-20-22 | 40 | F. | Intestina toxemia | 45 faint
161 5-26-22 | Adrenalin W V (k)
86 162 8, 5-30-22 35 | M. | Dysentery 20 25
87 | 168 |R, | 52222 | g0 | M. cﬁmmmm 16 23
B8 4 W 5-23-22 | 21 | M. | Neuroszis 15 20
B0 165 |G. 5-20-22 24 | F. | Paptic ulcer 20 20) Intense.
40 166 ). f— 5-22 | 40 | M. | Chronie cholecystitis 13 26 Intermittient.
a1 167 | G. fi- 6-22 80 | M. | Biliary stasig 110 25 Intermittent.
o2 168 |H. - 6-22 | 30 | M. | ﬂ«.i.u stasis 10 | 55 Intermittent.
03 168 | Dr. B f— 6-22 | 5O | M. rophie cirrhosis 0 in 3 hrs.

Effect of Starvation. Following a six-day or an eight-day fast
in the same patient, the time of excretion was nineteen and seven-
teen minutes, respectively, indicating that starvation has but little

direct influence upon the appearance of the dye.

Age. The variations of age of the individuals in our table ranged
from thirty-seven months
extremes were in pathological cases. The average of the normals

reveals practically no variation according to age.

to seventy-two years, but both of these
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The average rate of excretion of all normal cases is thirteen and
eight-tenths minutes.

Sexr.  In 56 males, the average time of exeretion was thirteen and
seven-tenths minutes; and in 37 females, thirteen and nine-tenths
minutes. There is therefore no difference attributable to sex.
Aaron reports an average of seventeen and two-tenths minutes in
10 normal individuals, utilizing the same quantity of dye, while
Piersol’s results, using double the quantity in 15 normal individuals,
were lower than ours by several minutes.

Pregnaney. Uncomplicated pregnancy in 8 instances showed an
average excretion of fourteen minutes, »iz., somewhat below the
average normal.

Diabetes. There were 2 instances with an average excretion time
of twenty-five minutes and sixteen minutes, averaging nineteen and
a half minutes. There appeared to be no relation as to the severity
of the disease to the rate of excretion of the dye.

Epilepsy. In 3 cases of epilepsy the readings were twenty-one
minutes; twelve minutes and eleven minutes. The average was four-
teen and nine-tenths minutes.

Psychoneurosis. The average excretion of 9 cases was twelve and
eight-tenth minutes.

Toxemias. Three cases of eclampsia examined immediately
after the convulsive stage, average fifteen minutes. A fourth case
was done during the stage of convulsions and repeated 4 times as
the patient improved. In this case the results were parallel with
the condition of the patient. At first there was no excretion in
forty minutes; when the patient had a convulsive seizure and
removed the tube; at the second trial there was no excretion in
one hundred and eighty minutes; in the third, there was just a trace
one hundred and ninety-five minutes and in the last, when the
patient’s symptoms had cleared up, the time of excretion was normal,
namely eighteen minutes. In a case of bichloride poisoning, three
days after the patient had taken 12 gr. there was no delay in the
initial appearance of the phthalein; the patient, however, had but
the mildest symptoms at the time of the examination.

Malnutrition. The average appearance in 2 instances was fifteen
minutes.

Catarrhal Joundice. In 2 subsiding cases the average was ten
and a half minutes.

Endoerine Disturbances. A case of Addison’s disease averaged
fourteen minutes for 3 tests; 1 of hyperpitutarism with epilepsy was
twentv-four minutes; 1 of thyrotoxicosis averaged seventeen min-
utes.

Syphilis. In 2 cases of secondary syphilis, the average secretion
was noted in sixteen minutes in 4 examinations. Several cases of
s;r{:-?ilis with complications are summarized in the accompanying
table.

|
|

—
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Acute Infections.  Five tests in 2 typhoid fever patients averaged
fifteen and eight-tenths minutes.

Choleeystitis with Cholelithiasis.  The rate of exeretion in 40 cases
of cholecystitis averaged seventeen minutes.

Stone wn the Common Duet with Jaundiee. The average rate
of excretion was twenty-eight minutes in 9 cases.  In 5 others there
was no excretion whatever of the dye during the entire period of
examination,

Cancer of the Liver. In a case which came to autopsy two days
following the test, the time of excretion was twenty-five minutes;
in another instance it was forty-five minutes.

Atrophic Cirrhosis of the Liver. In 2 instances of this affection,
there was no exeretion in two hours or in forty-five minutes respec-
tively, when the tube was removed.

Cancer of the Pancreas. In 1 case there was no excretion in 3
tests in two hours; in the second, the average rate was forty-five
minutes.

Jaundice Following the Use of Arsphenamine. In one instance
there was no exeretion in seventy-five minutes.

Cardiac Disease. In a single case of myocarditis the rate of
exeretion was eighteen minutes; in 1 of chronie passive congestion,
two weeks before death, 1t was thirteen minutes.

Conclusions. I'rom the examinations made by us, as well as those
by Aaron and others, regarding the phenoltetrachlorphthalein test
for liver function, we believe the following conclusions may safely
be drawn.

1. The phenoltetrachlorphthalein test is a valuable means of
determining liver function.

2. In order to obtain reliable results the technic in performing the
test must be carefully carried out in every detail. On this account
the preparation utilized must be stable and free from all deteriora-
tion.* The tube must be in gitu and the drip well established.
Under these conditions, the end-result is definite and distinet and
there is little or no difficulty in noting the maximum appearance of
the dve.

3. In normal individuals the appearance of the excretion as meas-
ured day by day is extremely constant; the average being, according
to our experience, in thirteen and seven-tenths minutes. A delay
of more than twenty-three minutes in the excretion of the dye indi-

cates the presence of some hepatic disease or mechanical obstruc-

tion at some point between the biliary ducts and the ampulla of
Vater. The most marked delay oce urred in biliary eirrhosis; in
obstruetion the delay varied from day to day when the obstruction
was due to stone.

*# Thoe phenolietrachlorphthalein ampulez in stable form used in the performanee
of these tesis were furnished us by Messrs. Hynson, Westeott and Dunning, of Balti-
more, to whom we desire to acknowledge our thanks and from whom this preparation
ean now be obiaimed,
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4. The test has proved useful as a means of checking up the tech-
nie of non-surgical biliary drainage. 1t is also of value in the diag-
nosis of cirrhosis and carcinoma of the liver and obstruction of the
common duet from stone or tumor.

The manner in which the tetrachlorphthalein flows may aid in
differentiating cases in which there is delay, especially between
cholelithiasis, cancer and cirrhosis of the liver and external causes
of obstruction. The flow in cases of caleulus is usually intermittent
and presents a greater variation from day to day, whereas in cirrhosis
and other forms of obstruction, the flow after once beginning is
constant and there is but an extremely slight daily variation.

5. Finally from these observations it is evident that the tetra-
c¢hlorphthalein test is of considerable value as a means of determining
liver funection, and when properly performed may be of great aid
in diagnosis.
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