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STUDIES OF SERUM ELECTROLYTES

IV. TaE CHLORIDE AND NITROGEN BALANCES, AND WEIGHT CHANGES
IN PNEUMONIA!

By F. WILLIAM SUNDERMAN?

(From the John Herr Musser Department of Research Medicine, University of Pennsyl-
vania and the Medical Wards® of the Pennsylvania Hospital, Philadelphia)

(Received for publication October 30, 1928)

In an earlier study (1) data were presented on the changes in the
blood serum during the course of lobar penumonia. It was found
that the concentration of total base, chloride, and protein in the
serum was usually decreased during the active infection. Following
the crisis these concentrations returned to their normal values, the
chloride less rapidly than the total base. The low excretion of chloride
in the urine during the precritical period has long been known and
the inference has been drawn that there is a correlation between the
urinary excretion and the serum concentration. No satisfactory
explanation of the mechanism of the change in composition of the
serum or of the decreased urinary excretion of chloride has been
established, but from studies in the literature it has often been inferred
that during the precritical period the body tissues retain chloride
which is subsequently released during the epicritical period. In an
attempt to obtain data on factors concerned in these changes, studies
of the intake and output were undertaken in patients suffering with
lobar pneumonia.

To review completely the very extensive literature upon the chloride concen-
tration of the serum and urine in pneumonia seems unnecessary since this has
been done by many authors, notably by Hutchison (6), Von Moraczewski (8),
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314 CHLORIDE AND NITROGEN BALANCE IN PNEUMONIA

Garratt (7), and Peabody (9). The conclusion of the earlier workers that chloride
was retained in the body during the febrile period arose chiefly from the observa-
tion that the addition of chloride to the diet during this period was not accom-
panied by a corresponding increase of chloride excretion. These observations
were later supplemented by analyses of tissues and studies of chloride balance.
Von Moraczewski (8) reported 18 cases of pneumonia in which daily amounts of
chloride, nitrogen, phosphorus, and calcium in the food, urine, and feces were
determined. Only three times in his series, twice when the food intake was very
small and once when calcium phosphate was administered, did he find the daily
excretion of chloride in the urine and feces in excess of the daily intake of chloride.
He observed that although the excretion of chloride in pneumonia parallels in
general the intake of chloride, nevertheless, an excessive ingestion of salt was not
accompanied by the normally prompt excretion.

Hutchison (6) reported 4 cases that excreted less chloride in the urine during
.the febrile period than was taken with the food, but these patients received from
1.0 to 7.5 grams of chloride per day. Hutchison found no evidence from tissue
analyses that chloride tended to accumulate in any particular organ during
pneumonia, but rather that all of the organs seemed to contain somewhat more
chloride per unit of weight than normally.

In order to determine how much chloride could be retained in the pneumonic
exudate, Peabody (9) analyzed the lungs in two cases of pneumonia in which one
lung was normal and the other hepatized. He found that a retention of about two
grams of sodium chloride could be credited to the pneumonic lung. The skin of
pneumonia patients showed no significant increase in its salt content. Von
Hesslin (10) averaged the percentile concentration of chloride in normal and pneu-
monic lungs from his own data and from data of Jarish (11), Meillére (12), Hutchi-
son (6), and Terray (13) and found that the mean sodium chloride concentration
in pneumonic lungs in 14 observations was 0.343 per cent of fresh weight and in 10
estimations in normal lungs, 0.331 per cent. Taking the weight of a normal lung
at 250 grams and a hepatized lung at 1250 grams, there would be an increase of
about 3.5 grams of sodium chloride in the latter.

Sandelowsky (2) gave from 3 to 36 grams of sodium chloride in 3 days to patients
convalescing from pneumonia. He used himself as a control and observed in the
phneumonia patients a greater delay in the excretion of the sodium chloride.

Prigge (14) upon injecting from 100 to 150 cc. of a 25 per cent solution of sodium
chloride intravenously into patients during the precritical period of lobar pneu-
monia also observed a lagging in the excretion of the chloride, although the blood
concentration fell the day following injection and thus behaved as in nermal
individuals.

Holten (15) fed pneumonia patients during the precritical period a diet which
contained between 6 and 7 grams of sodium chloride daily and found that less than
the corresponding amount of chloride was excreted in the urine until about the
time of crisis.
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Leyden (5) in 1869 was perhaps the first to study weight changes in pneumonia.
He observed in his patients an increased loss of weight through the skin and lungs
during the febrile period and a rapid loss following the crisis. Sandelowsky (2)
studied the body weights in 11 cases of pneumonia. In 7 cases the body weight
either increased slightly during the precritical period or remained constant, where-
as, after the crisis the weight fell more or less rapidly; in 4 there was a continued
decrease in weight during the febrile and afebrile periods.

Garnier and Sabareanu (3) observed that pneumonia patients do not always
lose weight in the early stages of the disease but that even with a small food intake,
they sometimes gain weight. The gain in weight in their cases did not generally
exceed 500 grams per day but was in one instance as high as 2000 grams in three
days. With fall in temperature the weight dropped. In children suffering with
pneumonia the gain in weight before the crisis would appear to occur more fre-
quently than in adults. Lussky and Friedstein (4) observed in their series of
children that the weight remained constant or was increased before crisis, but was
decreased with the disappearance of fever. Only one out of their 28 cases occur-
ring in children failed to show loss of weight following the crisis.

MATERIAL AND METHODS

, These studies were carried out on seven patients with lobar pneumonia. In

five patients study was commenced between the fifth and eighth days of the disease.
Two patients, selected because they were admitted on the third day of the disease,
were treated with large doses of sodium chloride by mouth. The period of investi-
gation for each patient was from 2 to 11 days and except in one fatal case extended
1 to 8 days following the crisis. The patients selected were young adult males
who had all been healthy before the onset of pneumonia. In addition two normal
individuals were followed by similar methods of study for 48 hours on a diet com-
parable with that received by the patients. The normal individuals were sub-
jected each day to a cabinet light bath designed to promote a loss of water through
the skin which would approach in magnitude that occurring in the patients.

On admission the patients were placed in a special metabolic room and were
under constant observation during the period of study, one patient or occasionally
two being studied at a time. Each morning at 7 o’clock the patient was weighed.
A silk scale of the type proposed by Benedict and Root (16), which weighs accu-
rately to 10 grams, was used and was fitted with an especially constructed thin
stretcher. With the exception of the first 2 days of study in Case B3, no patient
received any food for at least 8 hours before weighing time, and none received
water or food between 5:30 and 7 o’clock in the morning. The patient was en-
couraged to defecate and void during the half hour before weighing. If unable to
void, he was catheterized.

The daily intake consisted of weighed amounts of the following ingredients:
milk, grape juice, tea, canned tomato and pea purees, triscuit, sugar, salt and
water. The diet corresponded to the type given to the hospital patients suffering

L]
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from lobar pneumonia but was designed to contain articles which have an approxi-
mately uniform chemical analysis. Analyses of the commercial foods were fur-
nished to us by the respective manufacturers; these were supplemented by our
own analyses and by values taken from the Food Bulletin of the Connecticut
Agricultural Experiment Station (17). The chloride content of the foods was
analyzed.

In one patient (B3) a high caloric diet consisting of cream, milk, eggs, and malted
milk was given for 2 days.

Enemas that were given contained small amounts of soap.

The collected measured output included urine, feces, sputum, and blood re-
moved for analysis. These were weighed to a gram. Toluol was used to preserve
the urine. The excreta were kept refrigerated. An attempt to collect the sweat
was unsatisfactory.

The dry weights of excreta and the nitrogen contents of the urine and feces
were determined. The total amount of nitrogen excreted per day in the sputum
was found in two analyses to be negligibly small. The chlorides were analyzed
according to Van Slyke’s method (18) in serum and food and Volhard’s in urine.
The Kjehldahl method was used for nitrogen determination.

RESULTS

In table 1 are given data on the food intake, nitrogen and chloride
balance and changes of weight. The day of crisis is designated as
the zero day and days before and after as — and + respectively. An
estimate of the caloric requirement has been made from normal basal
standards for weight and age with an addition for fever, estimated by
the average percentile increase of metabolism per degree increase
of temperature from Du Bois’ data (19) and an added 10 per cent
during the precritical period. The caloric value of the diets was
consistently low and the nitrogen balance markedly negative. An
attempt to increase the intake of food in patient B3 led to serious
tympanites and for this series of studies such attempts were not
repeated. Patients B6 and B7, who were given large doses of sodium
chloride, took more food spontaneously during the precritical period
without deleterious symptoms.

Weight changes

Loss of weight was usually present in both precritical and post-
critical periods as would be expected with such an inadequate diet.
In table 2 is shown the relative daily loss of weight in grams per
kilogram of initial weight and the negative nitrogen balance perkilogram

.
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of initial weight for the patients studied and, for comparison, similar
data from a series of fasting experiments from Benedict’s (20) collec-
tion of studies. The weight curve during the postcritical period of
BS was possibly modified by the development of a pleural effusion.
B6 and B7 received large amounts of NaCl which in B7 were poorly
excreted and led eventually to slight visible edema. Patients B3 and
B4 exhibited increased loss of weight following the crisis associated
with unchanged or with less negative nitrogen balance and less caloric
deficit. A similar increased loss of weight following the crisis was
noted by Leyden (5) and interpreted by him to indicate precritical
storage of water and postcritical release. The behavior of the weight
curves resembles that observed in fasting studies. The fluctuations
in the rate of loss of weight from day to day can be approximately
duplicated in fasting studies. Partial inanition is evidently an
important factor in inducing the observed changes in weight with
apparently additional factors diminishing the rate of loss of weight
before the crisis, and increasing it after the crisis.

That nitrogen equilibrium is not maintained in pneumonia has been
demonstrated by many workers, including von Moraczewski (8),
Cook (21), and Leyden and Klemperer (22). The negative nitrogen
balance in the pneumonia patients was higher than in fasting subjects
doubtless because of the greater metabolism in the former. The loss
of weight per milligram of negative nitrogen balance was less in the
precritical periods in all the patients and throughout the study of B5
and in the two subjects receiving salt than in the fasting subjects.
This might be considered indirect evidence of relative retention of
water during the precritical period. In the postcritical periods of
B3 and B4 the loss of weight was closely comparable with that
observed in the fasting subjects.

Excretion through skin and lungs

In table 1 are given the data on the urinary loss of water and the loss
of weight through skin and lungs. The loss of water through skin
and lungs is equal to the total loss of weight through skin and lungs
minus the difference between weight of CO. given off and of O,
absorbed through the lungs. This difference of weight is about
75 £75 grams per day. It is evident from these data that from 25
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© TABLE 2

Weight and nitrogen balance in pneumonia and in fasting subjects (from literature)

£ weight, N 'NegativeN
Lossk?lo:g‘gn :)em o kilogr;;nmrfel?.d[a);r
Subject Period, days 2 2 =
.8- g 2 g 2o §.§
kS S| E |5 BB 55| 3le
g E & a E g -ﬂg = .‘5
g El K| s | 5|52 24
= = = 2= 2 gla | Slo
Fasting men
Succi 3rd to 12th 9.2| 20.6| 1.6| 169| 242| 118 55 1.00
3rd to 12th 7.9 15.9] 1.6 151 214| 110 52{ 1.00
3rd to 12th 7.2 10.3| +1.6 1.00
3rd to 12th 7.9 17.5| +1.6| 114| 154| 80, 69| 1.00
3rd to 12th 8.1| 14.3| +4.8 1.00
3rd to 12th 8.4(24.6 O 1.00
3rd to 12th 129| 155/ 88 1.00
3rd to 12th 6.2 9.7 4.2 1.00
Jacques 3rd to 12th 7.3 30.2| +3.2 1.00
Beanté 3rd to 12th 6.7) 12.3] 0 | 157| 208| 127 43| 1.00
Schenk 3rd to 12th 5.5 12.5 1.8] 114 141 78 48/ 1.00
L 3rd to 12th 7.1 12.5 1.8] 172| 195} 161 41| 1.00
Pneumonia
B3 Precritical 6.7 225 30| 0.61
Postcritical 10.8 226 48| 0.62
Total 9.8| 18.1] +2.2| 226| 338| 140 43] 0.62
B4 Precritical | (+) 2.4 435 (+) 6| 0.68
Postcritical 12.3 259 47] 0.37
Total 9.6 33.2| +4.6| 291| 443 82 33| 0.4
BS5 (pleural effu-| Precritical 0.7 290 2/ 0.46
sion) Postcritical 0.0 170 0f 0.08
Total . 0.3 2.8 +2.8] 221 377| 38 1 0.27
B6 (with salt) | Precritical 0.1 209 0| 0.30
Postcritical 1.2 103 12/ 0.27
Total 0.7 1.7 41.5| 156/ 316| 99, 4] 0.29
B7 (with salt) | Precritical (+) 10.9 152 (+) 72/ 0.49
Postcritical | (+) 6.9 59 (+) 117| 0.56
Total (+) 9.3 6.0/4+29.0f 115| 286 34|(+) 81] 0.52
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322 CHLORIDE AND NITROGEN BALANCE IN PNEUMONIA

per cent to as high as 80 per cent of the total water output in these
subjects is by way of the skin and lungs. This is correlated of course
with the visible sweating observed through much of the period studied.
Such visible sweating precludes the possibility of calculating metabo-
lism by the method of Benedict from the loss of weight through skin
and lungs. Marked increase in loss of weight by skin and lungs just
at the time of the crisis was not an outstanding feature of our cases.
The high skin-lung loss of weight in the normal subjects, B8 and B9,
was the result of a daily cabinet bath.

It is noteworthy that although the normal subjects B8 and B9
forced drinking of water to the point of discomfort they did not
attain the level of water intake and water output reached by the
pneumonia patients without any especial persuasion.

Chloride balance

Our chloride balance studies may be divided into two groups con-
sisting of four patients (B1, B2, B4 and B5) who received no unusual
form of treatment; and three patients (B3, B6 and B7) two of whom
were given excessive quantities of salt (B6 and B7) and the other (B3)
who was given a relatively high caloric diet during the first two days
of observation. The chloride in the daily intake of food, water, and
enema was measured as well as the chloride output through the urine,
feces, sputum, and blood removed for analysis. An allowance of
=+2 per cent has been made for maximum error.

The attempt was made to collect sweat for chloride analysis.
Strips of lint which had been washed free from chloride with distilled
water were tied on to the patient’s forehead, axillae, and nape of the
neck. At frequent intervals the entire body was dried with other
strips. However, it proved impossible to obtain satisfactory collec-
tions by this method. The best data relative to sweat in pneumonia
that was found was that of Schwenkenbecker and Spitta (23). These
investigators placed patients on a rubber cloth washed free from
chloride and covered them with chloride free linen. After 24 hours
they washed the individual and coverings first with water, then with
alcohol, and determined the chloride content of the fluid collected.
Their conclusion that not more than 1 gram of sodium chloride was
excreted daily in the sweat in diseases with profuse sweating such as
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pneumonia is consistent with the present observations, for although
the collections of sweat in this study were unquestionably incomplete,
the maximum daily recovery which was obtained in 19 attempts was
0.27 gram NaCl. To allow for the chloride in the sweat 0.5 gram NaCl,
with an allowance for error of +0.5 gram, was arbitrarily added to
the measured daily output of chloride.

In table 1 are presented the individual daily chloride balances. The
total daily output includes the allowance for sweat. The balance is
designated as positive when the intake exceeds the output.

The first group of our cases (B1, B2, B4 and B5) showed daily
chloride loss during the precritical period. Even assuming that no
chloride was excreted in the sweat, the chloride balance was negative
during 8 out of 10 critical and precritical days in these patients. In
B3, B6, and B7, on the other hand, there was a daily retention of
chloride 15 out of 17 critical and precritical days. The 2 days in
which the balance was negative in this group occurred in B3 on the
—1 and 0 day at a time when very little food was taken. Case B3
had been given a relatively high caloric diet on the —3 and —2 days
of his disease which had to be discontinued on the days following on
account of tympanites. After the crisis in the first group and in B3
there was retention of chloride during the first 4 days. During the
same period B7 showed a definite loss of chloride and B6, fluctuations
in the balance.

This evidence suggests that more chloride is excreted than ingested
during the precritical period in- lobar pneumonia when the patients
receive no forced diet or excessive quantity of salt and that the
situation is reversed when larger quantities of chloride are given.

A question which arises in considering the chloride balance is its
relation to gain or loss of body water. Associated with a gain or loss
of body weight we may properly expect a positive or negative chloride
balance respectively. Taking 35 mM. per kilogram of body weight
as the mean concentration of chloride in the body as a whole, we may
approximate an expected chloride balance from a given change in
weight. This has been done subject to an allowance of 50 per cent
for error and the increase or decrease of chloride so estimated from
the change in weight has been de51gnated in the table as theexpected
chloride balance.
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The difference between the chloride balance and the expected
chloride balance has been indicated merely in a directional manner
in the table as the daily relative chloride balance. The direction of
this quantity has been indicated by + and — signs where the difference
has exceeded the sum of the allowances for error. It must be under-
stood that this relative chloride balance is an approximation with respect
to increase or decrease in the mean chloride concentration in the
body as a whole. ‘

B2 and B4 appear to have had definitely a relative chloride loss
during the precritical period; B3, B6, and B7, a relative chloride gain;
and within the large allowance for error, B1 and BS5 had neither clear
gain nor loss. During the first 4 days following the crisis a relative
gain in chloride was apparent in B1, B3, B4, and B5. In B6 and B7
the diminished chloride intake after the crisis makes it useless to
attempt interpretation of that period.

It would appear, therefore, that in the pneumonia patients who
received a small intake of chloride per day the mean concentration
of chloride in the water of the body either remained unchanged or
decreased during the precritical period; whereas after the crisis it
increased. In those patients who received a larger intake of chloride
there was a gain in the mean concentration of chloride in the body
before the crisis and either a gain or loss after the crisis.

Clinical observations on four lobar pneumonia patients recetving excessive
amounts of sodium chloride

Because of the decreased excretion of chloride in the urine sodium
chloride has been given by many therapeutically, often by hypodermo-
clysis. Haden (24) suggested that sodium chloride should be adminis-
tered orally to all patients with lobar pneumonia to keep the blood
chlorides near the normal level. He gave 74 grams of salt in 4 days
to one patient in addition to that taken with food. During these 4
days only 7.23 grams were excreted in the urine. The concentration
of chloride in the blood was between 62 and 67 mM. per liter followed
by a subsequent rise to 82 mM., whether related or not to the crisis
is not stated. Later Haden (25) reported the clinical course and the
blood and urinary chloride analyses in three cases of lobar pneumonia
receiving excessive quantities of salt. Except in one case the excessive
salt intake was not clearly associated with a rise in the blood chloride.
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Serum changes in cases on ordinary diet and in cases receiving extra salt

Total base Serum protein
Day of Serum
mimber | Type of organism | FERC | Chemi- | o | SiCHG, | Serum | Serum | specife
ensis | deter- %ﬁ:ﬁi nitrogen |(refracto-
mined tivity X 6.25 | metric)
o | i | b | grome | o \avc.ave.
B1 Pneumococcus -1 136 140 85 79 74 1.0232
Type IV 0 140 144 85 70 76 1.0285
' +2 144 146 85 72 76
B2 Pneumococcus -3 149 144 92 70 65
Type IIT
B3 Pneumococcus -3 148 145 87 75 76
Type IV -2 149 149 91 75 80
+1 146 153 89 78 88
+3 143 151 94 73 74
+6 99 78 81
+8 157 156 97 77 78
B4 Pneumococcus -2 166 154 929 67 53
Type II -1 158 146 88 65 62
0 158 142 84 65 60
+1 146 86 65 62
+3 149 153 93 71 86
+5 148 146 95 75 78
+7 153 96 76 80
+9 148 150 95 76 81
BS Pneumococcus -3 146 91 70 70
Type I -1 146 142 87 67 68
+1 138 146 | 86 1)) 80
B6* | Pneumococcus -5 137 151 83 63 62 1.0235
Type IV -3 143 150 89 65 60 1.0234
-2 146 150 95 59 56 1.0234
0 140 149 99 64 59 1.0240
+2 149 151 95 66 65 1.0239
+5 149 150 91 72 71 1.0247

* Cases receiving salt therapy.
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TABLE 3—Concluded

Total base Serum protein
Day of Serum
Case . disease . | 117 X | Serum !
Type of 3 Chemi- : Serum | Serum specific
number | ~YPe O OrgamIEm from cally | serum 4 chloride | “5ta1" | protein g‘r)::ity
COsiS | deter- [SoorerieS nitrogen | (refracto-
mined tivity X 6.25 | metric)
m.Eq. m.Eq. m.Eq. grams grams o o
. Mﬁqter per?iger per h'ger per liter | per liter 20°C./20°C.
B7* Pneumococcus -6 142 155 90 74 72 1.0255
Type III -4 | 143 | 151 93 | 80 | 63 | 1.0246

-3 143 152 99 66 60 1.0231
-1 161 159 108 64 59 1.0235
+1 155 159 104 64 59 1.0240
+4 153 152 98 69 62 1.0226

B10* | Pneumococcus | —5 | 142 | 146 | 93 76 76 | 1.0281
Type IV —4 | 155 | 153 | 100 71 73 | 1.0266
-1 | 163 | 169 | 99 75 84 | 1.0200
+1 | 148 | 151 | 101 65 65 | 1.0230

B11* —4 91
-1 91
+1 101

In a previously reported series of cases (26) no outstanding change
was found in the serum chloride concentration or clinical course in
patients receiving doses of sodium chloride with the food. A statis-
tical analysis of the serum chloride concentrations in those patients
showed no significant deviations from the values observed in patients
not receiving extra salt. However, in the present study, where
considerably more salt was given, increase in the serum chloride
concentration is suggested in three cases. In the patients not receiv-
ing salt the concentration of serum chloride decreased until the time
of crisis in 6 out of 8 patients (cases reported in 1926 (1) and present
cases not receiving salt therapy); whereas, in 3 of the 4 cases receiving
large quantities of salt the serum chloride concentration progressively
increased until the crisis after which salt administration having been
stopped, it fell. This is shown in table 3. With the administration
of these larger amounts of salt certain clinical effects have been
observed which will be described.

In the present group of four patients, each patient received in divided
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doses from 15 to 30 grams of sodium chloride per day in the form of a
13.5 per cent sodium chloride solution. The patients objected sur-
prisingly little to. these large doses.

Abdominal distention

All four of the patients appeared to have less abdominal distention
after salt was given. The abdomen became soft and required less
use of stupes or other measures designed to relieve distention. The
patients took a slightly higher caloric diet than those not receiving
salt, perhaps because of the diminished tympanites. In view of the
increased metabolism in pneumonia, it may be accepted that a higher
caloric diet than is ordinarily given would be desirable provided the
patients could tolerate it. A higher caloric diet without extra salt
was tried in B3 but had to be abandoned on account of the abdominal
distention which developed.

.

Sputum excretion

In 14 precritical observations in pneumonia on patients who were
receiving no chloride therapy the average amount of sputum collected
was 55 grams per day containing 3.7 mM. of chloride per day. In
13 precritical observations in patients receiving large quantities of
salt, the excretion of sputum averaged 91 grams per day and contained
11.2 mM. of chloride per day. In the patients not given salt the
chloride concentration in the sputum was 67 mM. per kilogram,
whereas under larger salt intake it became 124 mM. per kilogram, a
higher concentration than was present in the serum. The fact that
the concentration was higher than in serum may simply be the result
of evaporation of water in the respiratory tract.

These facts suggest that the retention of chloride observed during the
precritical period when large amounts of salt were given, may in part
be explained by the increase of chloride in the pneumonic exudate

- T emperature

The temperature curve in the patients studied appeared to descend
in a general way to a lower level when large doses of salt were given:
Whether this was incidental can only be decided on the basis of a
large series. The temperature instead of varying between 101° and
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104° became less fluctuating in type and varied between 99° and 101°.
No other drugs than sodium chloride and occasionally codeine sulphate
were given to three of the patients; the other, B10, received chloral,
barbital, and sodium bromide on several occasions. In cases B6 and
B7 the temperature did not remain continually within the normal
range until after the first week following what we considered to be
the crisis.

Complications

In three of the four patients postcritical pleural collections and
unresolved pneumonic areas were suspected from physical signs and
x-ray studies. The patients presented elevations of temperature and
moderate leucocytosis after the crisis. ' The signs were never suffi-
ciently definite to necessitate aspiration and the abnormal chest
findings disappeared in the course of about a week. As a result,
however, convalescence was protracted by approximately a week.

In studies now in progress there has been substituted for large
doses of NaCl a salt mixture containing per diem: KCl, 6 grams;
NaHCO;, 5.9 grams; MgCly, 1.2 grams. One-half of this mixture when
added to the ordinary food intake of the patient provides a mean
normal salt ration. The caloric value of the diet has also been in-
-creased by 500 to 1000 calories with beverages containing 10 per cent
glucose. '

I wish to express my gratitude to Professor J. Harold Austin for
his advice throughout these studies.

SUMMARY

The total daily ingesta and egesta have been measured before and
after the crisis in a series of seven patients suffering with lobar pneu-
momia. The body weight, nitrogen and chloride balances were deter-
mined daily. The loss of weight and inadequacy of the diet have been
described and discussed. Partial inanition was an important factor
in inducing the observed loss of weight, although additional factors
appeared to diminish the rate of loss of weight before the crisis and
to increase it after the crisis. The negative nitrogen balance in the
pneumonia patients was higher than in fasting individuals.
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Patients receiving the usual low caloric diet without extra salt
exhibited before the crisis a negative chloride balance, the excretion
exceeding the intake. This was true in spite of the extremely reduced
excretion in the urine. After the crisis when more food was being
taken, chloride excretion in the urine increased, but, nevertheless,
there was usually a positive chloride balance. Patients who received
a larger intake of chloride during the precritical period either from a
more liberal diet or from large doses of salt had precritical retention
of chloride.

The chloride balance has been considered also in relation to the
change in body weight. In patients receiving a small intake of
chloride, the mean concentration of chloride in the body appeared to
be decreased before the crisis and increased after the crisis; whereas,
in patients receiving a larger intake of chloride (5 to 30 grams NaCl
daily) the mean concentration of chloride in the body appeared to be
increased before the crisis and decreased after the crisis when the
chloride administration had been stopped.

The present studies of the chloride balance do not support the view
that pneumonia is characterized by a retention of chloride during the
precritical period, but rather that it is characterized during the pre-
critical period by a diminished capacity of the body to conserve
chloride on a low intake of chloride and a diminished capacity to
excrete chloride on a high intake of chloride. After the crisis the
chloride balance becomes restored to normal from whichever deviation
had earlier developed.

The clinical picture observed in four patients who received large
doses of sodium chloride precritically has been described.
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PROTOCOLS

Case Bl (Number 962). Italian, male, age 34, butcher. The patient was
admitted to the hospital with a consolidation of the left lower lobe. Crisis oc-
curred on the 9th day of the disease. The sputum yielded a Type IV pneumococ-
cus. The leucocyte count was 37,000 with 83 per cent polymorphonuclears on
admission. Convalescence was uneventful.

Case B2 (Number 1358). White, male, age 21, clerk. The patient was ad-
mitted to the hospital on the 6th day of the disease with a consolidation of left
lower lobe. He was cyanotic and breathing rapidly. On the 2nd day of hospitali-
zation he became irrational, developed hiccoughs, and died. The blood and sputum
both yielded a Type III pneumococcus. The leucocyte count on admission was
3,000 but became elevated to 16,000 prior to death.

Case B3 (Number 1208). Colored, male, age 40, laborer. Study of this patient
was commenced on the S5th day of a left lower lobar pneumonia. Crisis occurred
on the 8th day. During the first 2 days of observation, the patient was given a
more liberal diet than usual which had to be discontinued on account of the
marked abdominal distention. The patient perspired profusely on the day of the
crisis. The sputum yielded a Type IV pneumococcus. The leucocyte count
increased progressively from 20,000 on admission to 32,000 at the time of crisis
and then fell.

Case B4 (Number 1046). Colored, male, age 35, laborer. The patient was
first studied on the 6th day of his disease at which time he was very ill and had a
consolidation of both lower lobes. Respirations were voluntarily restricted due
to pleural pain. Over the left chest pleural and pleuro-pericardial frictions were
audible. Abdominal distention was marked. The sputum yielded a Type II
pneumococcus. Crisis occurred on the 8th day of the disease. The leucocyte
count was 34,000 2 days after the crisis. Convalescence was uneventful.

Case B5 (Number 1086). Colored, male, age 11, school boy. Study was begun
on the 7th day of the disease when the patient had consolidation of the entire left
lung. The sputum yielded a Type I pneumococcus. Crisis occurred on the 10th
day of the disease and was followed by the development of an interlobar empyema.
A thoracotomy was performed and pus drained. The pus contained Type I
pneumococcus. The highest leucocyte count was 50,000 and was observed at the
time of crisis. Convalescence lasted 6 weeks.
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B6 (Number 1510). White, male, age 47, longshoreman. The patient was
first studied on the 3rd day of a left lobar pneumonia. The sputum yielded a
Type IV pneumococcus. Crisis occurred on the 9th day of the disease. The
temperature, however, did not maintain a postcritical normal level but continued
to be elevated (99-101°) during the first week after the crisis. Physical signs,
x-ray studies, and a leucocytosis of 28,000 at this time suggested the possibility of
a pleural collection or unresolved pneumonic areas. These chest findings gradu-
ally disappeared without treatment. Convalescence was protracted.

This patient had been given large doses of sodium chloride during the precritical
period.

Case B7 (Number 1491). Colored male, age 57, laborer. The patient was
first studied on the 3rd day of a left lower lobar pneumonia. He was breathing
rapidly and appeared toxic. Sputum contained a Type III pneumococcus. A
crisis was not definitely observed but was suggested on the 10th day of the disease.
Physical signs, x-ray evidence, and a leucocytosis of 15,000 later suggested the
possibility of an unresolved pneumonia or pleural collection. These signs, how-
ever, disappeared. Temperature reached the normal level one week after the
time that was regarded as the crisis. The urine contained on 2 occasions traces
of albumin and hyaline and granular casts. Following the intake of large doses
of sodium chloride during the epicritical period, the patient showed some puffiness
especially of the face and a slight edema of the legs.



