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Glomerular changes are perhaps the most out-
standing anatomical lesions of acute glomerulo-
nephritis. The glomerular tuft usually exhibits
increased cellularity with deposits of fibrin or in-
flammatory exudate in the capsular space. The
capsule and basement membranes may become
thickened but the arterioles and renal tubules ap-
pear relatively normal in the early phases of the
disease. Several papers describe a characteristic
functional pattern for acute glomerulonephritis
which reflects the dominant glomerular lesion
(14).

The purpose of the present paper is to describe
the relation of changes in renal functions to the
development of the clinical manifestations of acute
glomerulonephritis and of the exacerbation in
chronic glomerulonephritis, especially in regard to
water and electrolyte metabolism. The renal func-
tions measured include glomerular filtration rate
(GFR), effective renal plasma flow (ERPF) and
maximum capacity of the renal tubules to excrete
p-aminohippurate (TmpAH) or to reabsorb glucose
(TmG).

CASE MATERIAL

Facts relative to the diagnosis and onset of the disease
for each patient are summarized in Table I. Elevated
antistreptolysin titers (5) indicated a recent group A he-
molytic streptococcal infection in 10 instances. Evi-
dence of prior renal disease was absent in the eight pa-
tients classified as acute glomerulonephritis. Several may
have had unrecognized chronic glomerulonephritis and
their acute attack may have been an exacerbation rather
than the initial attack. However, initial attacks seem
likely in the five episodes that "healed" 2 and in the two

1 Supported by a grant from the Life Insurance Medical
Research Fund.

2 Only relatively short follow-up periods were possible
in the majority of the patients comprising this study.
Thus, certain differentiation between complete healing
and the development of chronicity following acute glo-
merulonephritis was difficult and sometimes impossible
(6). However, patients 9, 10 and 11 were known to
have chronic glomerulonephritis for one or more years

patients whose urine and blood pressure were normal
16 and 35 days before the onset of signs and symptoms
of renal disease. Four instances of exacerbation in
chronic glomerulonephritis were observed, one of which
occurred in patient 8, whose initial attack of acute glo-
merulonephritis was also studied. The criterion ac-
cepted for the diagnosis of exacerbation in chronic glo-
merulonephritis was "an abrupt and marked increase in
the degree of hematuria" (8). Foreshortening of the
latent period between infection and onset of symptoms
characteristic of the exacerbation (8, 9) was noted in two
of these patients.

The initial and final observations on the urine, blood
pressure and edema for each patient are shown in Table
II, along with the duration of the abnormalities. The
final probable outcomes are indicated in the last column.2

The sudden development of nephrotic edema was not
accepted as evidence either for the initial acute attack
of glomerulonephritis or for an exacerbation in glo-
merulonephritis. At the time of observation, none of
the patients had evidence of the nephrotic phase. Their
serum albumin averaged 3.2 gm./100 ml. with a range
of 2.5 to 4.5, while their serum cholesterol averaged 219
mg./100 ml. with a range of 179 to 294.

Signs and symptoms of congestive heart failure were
present during the acute renal episode in only two pa-
tients (patients 9 and 11). These two patients suffered

prior to observation. Patient 8 was seen during his first
attack and subsequently during an exacerbation. Pa-
tients 6 and 7 were seen periodically during one and one
half and one years respectively after their initial attacks.
During this time proteinuria persisted, a fact which sup-
ports the belief that the disease had probably become
chronic. Patient 5 was followed for slightly more than
one year after his acute glomerulonephritis. The last
six urinalyses were normal, quite suggestive of healing.
Patient 1 had three normal urines before loss for ob-
servation and likewise probably healed. Patients 2, 3
and 4 had three, three and two protein-free urines. How-
ever, minimal to moderate microscopic hematuria was
still present at the last examination. Since microscopic
hematuria may be one of the last abnormal signs to disap-
pear during the healing of acute glomerulonephritis (7),
these patients were classified as "probably healing," and
included in the "healed" group in the subsequent discus-
sions. Although a follow-up period of a year or more
is necessary to differentiate with certainty between healing
and chronicity, the presumptive outcomes in this group
of patients are designated.
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TABLE I

nata concerned with the onset and diagnosis of acute episodes of glomerulonephritis

PRECEDING INFECTION

MAXIMUM

ANTI STREPTOLYSIN
TI TER

(units)

L ATEN T
PERIOD

(days)
ONSET NEPH4RITIS

I 553 Discharge right nostril

2 o50 Tonsillitis, Fever
Rx: Sulfadiasine

3 M S6 B.U.L. Pseumonis
Rx: Penicillin
(paeunococci Rot

demonsttated)

4 M 35 Severe sore throat

S M 43 Chronic cough
OFrequent colds'

6 M 47 None noted

7 F 46 Postop (cervix) Infection
ftx: Penicillin

8, c1 M 46 Fever, cough

S, 2 Malnise

100

2000

700

: 2000

300

200

900

409

SOO

9 F 56 Sore throat

10 M 63' Cold, fever

.1

11 *1 52 NlORne oted 400

?) Acute
Edema eyes, feet
Scanty urine
Microscopic hematuria
Hypertension

20 Acute
Edema eyes, feet
Microscopic hematuria
Hypertension

19 Acute
(Urine, BP normal 16 days

before onset)
Edema eyes. feet
Microscopic hematuria
Hypertension

Acute
Edems legs
Microscopic hematuria
Hype rtensi on

Acute
Scanty dark urine
Edema legs
Hypertension

Acute
Abdominal cramps

Smoky urine
Edema face, legs
Hypertension

35 Acute
(postop) (tUrine. BP normal pre-op.)

Edema eyes, feet
Microscopic hematuria
Hypertension

8 Acute
Bloody urine
Edema eyes, feet
Hyper ten sion

0 Exacerbat ion
Bloody urine
Edema eyes. feet
Hypertenston

I Exacerbat ion
(disease known 1 year)
Edema feet
Flank pain
Red urine

Hype r ten si on
Dv spnes

3 Fxacerbation
(initial attack 22 years a6o)
(Exacerbation 12 years a8O)

Edema legs
Pain low back
Red urine

? fEzecerbat ion
(disease known 15 years)
Dyspnea
Orthopnea
Edema
Ol i guri

PATIENT
NUMBE SEX AGE

(years)
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TADLE nI

Initial and final observations ont urine,
URI iI

05SEVATI9NlON tOtlN

1 Admission
Finls
Durstion

2 Admission
Final
Duration

3 Admission
Finsl
Duration

4 Admission
Final
Duration

S Admission
Fine
Duration

6 Admission
Final
Duration

7 Admission
Fin
Duration

8, E1 Admission
Fins1
Duration

8, *2 Adnissios
Fins l
Duratien

9
(.. . . . .

0

10/ktw S/hp(
0 0

3%weeks .).....)

SO/hpf 2/hpf
IS/kp( rare

3% weeks .. . . . .)

+ loo/hpf occ.
0 10/hpf ocC.
(- - - - 6 weelks .)... . .

+ + inaumeroble oce.
0 few 0

(- - - - - weeks - - -.-

+ innumerable rare
0 0 0

+ gross masy
+ 0 0

(1% yrs.+) (. . 12 weeks

t t t 10/kpf eeC.

++ 0 0

(persisted) (- - 10 weeks

+ + + gross 3/lpf
+ many 0

(.- - - persist*d.

+ 44t + gross Oc.
+ + 20/pf 0

prsisted )

9 Admission + + + gross Oee.
Finas t + + 0 0

Duration (persisted) (- - 4 weeoks - )

10 Admission
Fina I
Duration I

11 Admission I
Final
Duration

* b. P.. a highP
sea.. f*etsefe 2

+4 gross many

t + 1S/kpf 0

(.proisted ...... )

+ + + + gross e*c.
+ + 10/hpt rare
.-----persisted ......

Power field

edema and blood pressure

(MAXIMUM WT. LESS
USUAL wT.) P1

(l1b.) (.

36 1
o 1

(3 weeks)

10 2
0 1

(2 weeks) (

$ 1
0 1

(3 weeks)

38 1
0 1

(6 weeks) -

21 1
0 I

(5% weeks).

33
0 I

(S weeks) 4

22
0

(S week.)

21 1
o

(3 weeks)

10
0

(4 weeks) 4

18 2
0 I

(2- Weeks)

S3 1
0 1

(6 Weeks)

31 1
0 1

(10 weeks)

LOGO
REssust
M. Hlg)

180/90
120/70
(3 weeks)

210/110
135/80
(2 weeks)

130/100
l10/80
(3 weeks)

198/118
ISS/90
(9 weeks)

144/90
124/70
(10 weeks)

16S/100
12S/85
(S weeks)

245/110
130/7S
(9 weeks)

160/110
130/84
(3% weelks)

160/100
130/90
(3 weeks)

210/120
140/80
(3 weeks)

190/110
180/100
persisted)

188/120
46/84
(14 weeks)

PATIENT

foul5est
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from dyspnea and orthopnea, had elevated venous pres-
sures and prolonged circulation time. Their hearts were
enlarged.

METHODS

All data presented represent an average of three or
more consecutive 15 to 30 minute periods. All observa-
tions were performed in the morning. Fluids and food
were withheld after the preceding evening meal. Follow-
ing three periods during which inulin and PAH clear-
ances and electrolyte excretion were observed, Tm glu-
cose or TmPARwere measured for three consecutive pie-
riods. Priming and sustaining infusions containing inu-
lin and PAHwere made up in distilled water. The sus-
taining infusion was delivered by means of a pump at the
rate of 1 ml./minute during the first three periods, and
at a rate between 2 and 5 ml./minute during Tm meas-
urements. An arterial blood sample was obtained at the
midpoint of each urine collection. Plasma, separated from
the erythrocytes within 15 minutes of withdrawal of the
blood sample, was used for the potassium, chloride, in-
organic phosphate, inulin, PAH and glucose determina-
tions. Dried heparin and a small amount of sodium flu-
oride were used to prevent clotting and glycolysis in the
case of glucose and inorganic phosphate, while dried
heparin alone was used to prevent clotting in the sample
subjected to the other analyses. Serum was used for the
sodium determinations.

Inulin was measured by Harrison's (10) modification
of the method of Alving, Rubin and Miller (11), PAH
by the Bratton-Marshall reaction (12), and glucose by
a modification (13) of the Folin method. Sodium in the
serum and urine and potassium in the plasma and urine
were measured on an internal standard flame photometer.
Chlorides were measured by a modification of the Vol-
hard-Harvey method (14), inorganic phosphate by the
method of Fiske and SubbaRow (15), and ammonia and
urea by Summerson's modification (16) of the Van
Slyke and Cullen procedure. Urine pH was determined
with the glass electrode.

RESULTS

(A) Rend functions
Renal functions, weight, blood pressure and uri-

nary abnormalities are recorded in Table III in
relation to time of onset and of diuresis. The
renal function values are not corrected to a stand-
ard surface area because of the complications this
would introduce in the subsequent considerations
of electrolyte excretions. Glomerular filtration rate
was definitely reduced at the first observation in
all but one instance (patient 2). The renal plasma
flow8 was less affected and was in the normal

5The renal plasma flow values in this study are not
corrected for any possible incomplete extraction of PAH
by the renal tubules. The true renal plasma flow in any

range at the first observation in four of the eight
initial attacks of acute glomerulonephritis. The
pattern of renal dysfunction in both initial attacks
and in exacerbations was characteristic of that
previously described for acute glomerulonephritis.
The filtration fraction (GFR/RPF) was reduced
(less than the mean normal value minus two stand-
ard deviations) at some time in eight of the 12
episodes. TmGwas reduced in eight of the nine
instances in which it was measured, and TmpAu
in seven of nine instances. The ratios of filtration
rate to TmGand TmPAHwere usually reduced, in-
dicating a greater impairment of glomerular ac-
tivity than of tubular function. Several exceptions,
however, were noted. In the instance of the four
exacerbations the renal functions were undoubtedly
abnormal prior to the observations because of the
chronic renal disease but exhibited the same gen-
eral pattern as the initial attacks.

Following the acute episode all functions re-
turned toward normal in patients suffering either
their first attack or an exacerbation. TmGand
TmpAHwere in the normal range at the time of
the last observation in four of the five patients who
healed or were probably healing (see footnote 2)
while the filtration rate had returned to low normal
values in three. These findings are similar to those
reported in an earlier paper (1) which included
observations on five patients suffering their initial
attack of glomerulonephritis and two undergoing
exacerbations. Serial observations on eight pa-
tients in the present study and five patients in the
earlier study (1) are available in whom the out-
come of the initial attack of acute glomerulonephri-
tis was known (see footnote 2). The first esti-
mation of renal function was obtained within two

weeks or less of the onset of the disease in only
five of the 13 patients. The serial filtration rates

are presented in Figure 1. In general, a smaller
reduction in filtration rate and a more rapid re-

turn to normal occurred among the six patients
whose nephritis healed or probably healed than
among the seven whose disease became chronic. Of
the nine patients studied within four weeks of the
onset of nephritis, the three whose disease failed
to heal had initial filtration rates below 55 ml./
minute, while those who healed had rates of 44,
instance where there is incomplete extraction of PAH
is, therefore, higher than the recorded value.

424



425RliNAL FUNCT'IONS' ANb E:LECTROLYTECS IN ACUTE NEPHRITIS

. . . z

....

....

. . . 4

....

. . . 4
. .

oo.~~~~~0 4p Of*o" ooovv *on" V-^I* " oola 40 4 %oW I

w; v; I W;Ioo 4o i4"ao. oo*r" o o ^Fo *F o
f4 O 4 %D to Po v *b 40 v Wb Wi $ I* 00 dn VA 94 C' ~f

0 I. o b a 0 * 0 0*- ****

oooo o o o o o oo o o . o . o_~~~~~~~~~~~~~~~~~~~1_IC!, _ _ __ , __ ., __.. _. _

ai a . b 0 ,2 S ,t ^@*_ ^ *_ ~~~s_ _

94

o 40 a_ Wso o o^ooo*_*o*o8_o 0

.11__10 bl opt"""__ "XZ "D Wo IW2 M

oft "_"' "^.e " o__"%:p 49 " Of - _" VV - " _"eq Vs --*to&

_ t

so Po lI* - 6; 4; & o

cis

bo
be a

Cd

bo

*) - *

0

-4:4
46 o:

i

th
t

.1 -9

90

~~~P. ... .4 . . .....
.

*
-

"
.

i
. eiI It:. . .: 04 1

00 0 *0 06& @ @ 0 :4 06* * 0 a 0vo

r',Xo":@ ¢ : " " " X ; " '. , . " j "-* * * * 5, X Z-°

e"$* F f " " " * 0 0 * X k°t4 0 W

os0"__ _¢ __¢ .*oz _" t"" 0"0- _ "¢ F_ "" o

_____ie^^F^~~~~~~~~~~ F''F" """ ""~~~~~~~~ °-~~~" ¢4° ~~~~~"t~~~~ *w"^~~IC

10 000ZS"so*t^-- *F2°""""""ss"-
0~- 5* *e,Se*

7 .ts 2
F |

u

o 3
{ o

z

ib 4°
4bt 4 A

" 14ooDa
do oa a a_. _ _0

w
v d" 0 I* 91

o
0 xP. 01

o
0

rw
VW %ao O. -6 qo ob W ;: 4 * - WI

0-p - q D000 14 a fbq f
"eF V)*f-"ft;4Z .

-F 40o on V WZY ** so^~~~~0 .0"0" t F ¢ ^ 0

.O_oo- -x. W0s0

G.
_o o 4 O

*+ * -4 + 4. 4. -
v

* 4. 44 + 4- 4- * -I 4-
_4 _4 6 V 94 f I* e4md10o es Pk,00 tO e4

_ b*6 *

9-
:lol.

_ a a

4a
a * . A.*
*" 1. 0 -

& s * -01
9 *0 %.% 4
19 0 a I

al' _ 4*

to
t a

...b
0 11 11.J.- .0

.S -9 %.
0

31--
11 11 laI.- .9 1.
11

-0 .0 V.
6.

#4 40

*0 * bS
4 l. 0 s

: - *

a-a
* * -

.r0

d10
." 0.

1. 11
a '.

-9 %.
0

bl-
I'll

.0 3.

.9 -911
.0
-0 Ilk

; i
S- a
a -9

*6._ J3 _

b-
S. *. -a I

1: 01 Ob" C,

et0 : : :
*i d : : :

-6
~~~~~~~~a-la^e ts o-f:: @.

_on O0 C4- ". 0 4% fn

_0 . " A. S. .
6. b as *-'

3w* so P.PS
S. _



D. P. EARLE, S. J. FARBER, J. D. ALEXANDER, AND E. D. PELLEGRINO

O50

Glomerular
filtration
rate
(ml./min).

100

50

0
30 60 3

q-.| --- DAYS-_ -

TIME AFTER ONSET OF ACUTE GLOMERULONEPHRITiS
FIG. 1. GLOMERULARFILTRATION RATE IN RELATION TO TIME AFTER ONSETOF AcuTE GLOMERULONEPHRITIS

59, 81, 87 and 100 ml./minute. Return of filtration
rate to the normal range, however, was not incom-
patible with the development of chronic renal
disease, as in patients 4 and 9 of the earlier study
(1). Conversely, patient 6 of the early study and
patient 5 of the present study healed completely in
spite of rather slow improvement in their glomeru-
lar filtration rates. Changes in Tmvalues showed
the same general trends.

Concerning the inter-relations of the several
renal functions, the filtration fraction usually in-
creased as the acute renal process improved. How-
ever, no correlation could be established between
this function or the ratio of filtration rate to ex-
cretory or reabsorptive Tm and the eventual
outcome.

The exacerbations in chronic glomerulonephri-
tis suffered by patients 9 and 11 were complicated

sAMs lv
Glomerular filtration rate in relation to onset and end of diuresis in acute glomerulonephritis
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by congestive heart failure, as evidenced by dysp-
nea, orthopnea, increased venous pressure, pro-
longed circulation time and enlargement of the
heart. Nevertheless, the functional changes were
characteristic of acute glomerulonephritis with a
low filtration fraction, rather than that of conges-
tive heart failure with an elevated filtration frac-
tion. Four other patients had slight transient
cardiac enlargement by X-ray examination, but
no other signs or symptoms suggestive of heart
failure. All patients had hypertension at the time
of the first measurement of renal function. In five
the diastolic blood pressure was 100 mm. Hg or

more. In spite of the consistent hypertension, the
filtration fraction was greater than the mean nor-
mal in only two instances. The blood pressure
often returned to normal well before the renal
function reached its maximum observed value.

(B) Relation of discrete renal functions to diure-
sis in the recovery phase of acute glomerulo-
nephritis

The relation of glomerular filtration rate to
diuresis in acute episodes of glomerulonephritis
is indicated in Table IV. Daily excretion of elec-
trolytes was followed in four of the patients (pa-

TABLE V

The relation of urea clearance to glomerular filtration rate and diuresis in acute glomerulonephritis

RELATION TO
PATIENT DIURESIS

URINE
FLOW

(ml. /min)

GLOMERULAR
FILTRATION INULIN
RATE (GFR) U/P RATIO

(ml./min.)

UREA
CLEARANCE (UC) UC/GFR

(ml./min.)

1 1 day before
last day during

2 lat day duiring
7 days after

3 3 days before
2 days after

23 days after

4 3 days before
2 days after

6 7th day during
5 weeks after

7 1 day before
last day during

18 days after

8, ml 2nd day during
last day during

11 days after
26 days after

9 4th day during
9 days after

10 3rd day during
22nd day during

11 3rd day during
28th day during
5.5th day during
22nd day after
41st day after

6.09
4. 07

2. 69
1.72
2. 62

1. 30
1. 75

2. 27
1.92

2. 29
1. 24
2. 21

1. 93
0. 82
2. 62
2. 96

0. 62
1.02

1.57
1. 26

0. 96
0.91
3.18
1. 57
1.57

100 16. 4
102 24. 5

Each datum represents the average of three consecutive periods.

1. 87
1.46

82.6
78.0

PLASMA
UREA

(mg./100 ml)

44. 1
S3.S

35. 9
66.7

0.44
0.86

65.0
23.0

78.0
73. 4
73. 7

43. 5
43. 6

41.4
84.8

38. 5
37.0
47.7

54. 9
48. 7
33. 3
35. 8

61. 7
74.6

45.0
38. 6

21. 9
32.9
54.4
41. 7
55. 5

29.0
42. 6
28. 1

33. 4
25.0

18. 2
44. 2

16.8
29.8
21. 6

28. 4
55.S
12.7
12. 1

99.5
73. 3

28.7
30. 7

22.8
36. 1

17.1
26.6
36.4

28.0
80.0

42. 2
39. 4
43. 3

25. 7
36. 3

22.0
71.8

26. 4
19.5
28. 6

35. 6
24. 1
26. 6
22. 9

16. 3
31. 2

25. 6
26. 1

9.4
15. 8
32.0
27. 5
28.5

0. 28
0. 79

0.54
0.54
0.59

0. 59
0. 83

0. 53
0. 85

0. 69
0. 53
0. 60

0. 65
0.49
0.80
0. 64

0. 27
0. 42

0. 57
0. 68

0. 43
0. 48
0. 59
0. 66
0.51

94.7
20.7

42. 2
39. 4
43. 3

48.0
36. 3

61.5
26.2

33.7
47.4
56.3

46. 6
49.8
57. 2
53. 4

37.8
28.7

40. 6
33.6

110
59. 6
27. S
26.7
33.2
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tients 1, 2, 4 and 6). In the remaining patients
the weight curve and clinical evidences of edema
were utilized to assess diuresis. Filtration rates
were measured before the beginning of diuresis
in six instances. In the remaining six instances,
filtration rate was first observed on the first to
fourth day of diuresis (within a few hours of the
onset of diuresis in patient 2). The data recorded
in Table IV indicate that diuresis following acute
glomerulonephritis is not accompanied by a con-
sistent change in filtration rate.

Urea clearance was measured concomitantly
with glomerular filtration rate in most of the
studies (Table V). The relation of urea clearance
to filtration rate and urine flow was not consistent
when the group of patients with acute nephritis
was considered as a whole. Considerable in-
creases in urea clearance, however, occurred in
five patients whose course was characterized by
rapid loss of edema in the early phase of diuresis
(patients 1, 2, 4, 6 and 9). In three of these the
urea clearance increased with no change in glo-
merular filtration rate, and in each a definite rise
in the ratio of urea/inulin ratio occurred. Nor
were the increases in urea clearance attributable
to concomitant changes in urine flow, which
showed only minor variations among the observa-
tions obtained for a given patient.

In general, the plasma urea concentration re-
flected change in urea clearance, and in turn, the
filtration rate. Abnormal plasma urea levels,
however, did occur in several instances where the
filtration rate was not greatly reduced (patients
1-3), while an increasing filtration rate was not
incompatible with an increasing plasma urea (pa-
tient 7).

In a number of the observations the urea clear-
ance was measured both before and during the in-
fusion of glucose or PAH necessary for the Tm
measurements. Urine flow increased in 25 of 27
such observations among 10 patients. The urea
clearance increased more than 20 per cent in 11
instances, while the urea/inulin clearance ratio in-
creased in 20 of the 27 observations. In general,
the greatest increases were noted among those pa-
tients whose urine flows were low during the con-
trol periods and who showed substantial diuresis,
during the osmotic loads. These data indicate that
the urea clearance may be influenced by osmotic
diuresis in patients with acute glomerulonephritis.

The response of these patients to osmotic load
was not unlike that observed among patients with-
out renal disease (18).

(C) Effects of acute glomerulonephritis on elec-
trolyte metabolism

Observations on the plasma or serum levels and
the excretion rates of sodium, potassium, chloride,
and inorganic phosphate are recorded in Table VI.
Data on the excretion of ammonia and urinary
pH, and for reference purposes, concurrent filtra-
tion rates and urine flows, are included. The frac-
tion of electrolyte filtered at the glomeruli that ap-
peared in the urine also was calculated.

(1) Sodium: Serum sodium levels were usu-
ally in the normal range, although values between
132 and 135 meq./L were observed on occasion in
six of the 12 acute episodes of glomerulonephritis.
No correlation, between the serum sodium level
and the presence or absence of edema was noted.
Sodium excretion, measured during the determina-
tion of filtration rate, was generally greater during
the phase of diuresis than at other times. How-
ever, the necessity of giving intravenous infusions
for clearance purposes probably distorted sodium
excretion and urine flow to some extent, limiting
the value of such observations. Variations in body
weight or daily sodium excretion more accurately
reflected sodium balance. But in any case, sig-
nificant increase in sodium excretion could occur
in the absence of change in filtration rate (patients
1 and4).

(2) Chlorides: Plasma chloride levels typically
were above normal in the patients with acute glo-
merulonephritis. The mean initial level for the
12 nephritic episodes was 114, v,= 5.0 meq./L,
ranging up to 118 meq./L, as compared to 108,
a = 3.3 meq./L for 21 normal subjects observed
under comparable conditions (i.e., during concom-
itant measurement of filtration rate and renal
plasma flow). All but one of the nephritic pa-
tients had plasma chloride levels exceeding 110
meq./L at some time, while only five of the 21
normal subjects had levels greater than this value
and none exceeded 114 meq./L. With one ex-
ception, the plasma chloride level did not return
toward normal within the period of observation as
the patients improved from their acute nephritis.
Chloride excretion was usually approximately the
same as sodium.
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(3) Potassium: The average initial plasma
potassium level for the 12 acute episodes of
nephritis was 5.0 meq./L, a = 1.08, with a range
of 3.3 to 7.3 meq./L. In contrast, the mean
plasma potassium level, obtained under compar-
able circumstances (i.e., during measurement of
glomerular filtration rate and renal plasma flow)
in 21 subjects without renal disease was 4.2
meq.,/L, of = 0.29, with a range of 3.4 to 4.8.
Only two of the normals had plasma potassium
levels greater than 4.5 meq./L, while 10 of the 12
acute nephritics had values greater than this at
one time or another. Patient 6 who had relatively
low plasma potassium levels was the only one of
the group who suffered vomiting prior to the ob-
servations. Abnormally high plasma potassium
levels occurred in two patients whose filtration
rates were not greatly reduced (patients 1 and 3),
while conversely several of the patients with the
lowest filtration rates had relatively normal plasma
potassium levels. As was the case with plasma
chloride, potassium plasma concentration was fre-
quently above normal some days after recovery
from acute nephritis.

The absolute values for potassium excretion in
the urine showed a distinct tendency to rise as
diuresis and recovery from the acute renal disease
took place. Normally, less than 20 per cent of the
potassium filtered at the glomeruli appears in the
urine (18). However, the fraction of filtered po-
tassium which was excreted exceeded this value at
some time in 10 of the 12 acute episodes of glo-
merulonephritis. This phenomenon was most ap-
parent among the patients with the greatest re-
ductions in filtration rate but the relationship was
not precise. Variations in excretion occurred in-
dependently of the plasma potassium level.

(4) Inorganic phosphate: The plasma level and
urinary excretion of inorganic phosphate appear
to be affected in acute glomerulonephritis to a
lesser and more variable degree than potassium.
The average initial plasma inorganic phosphate
level for the 12 episodes was 3.7 mg./100 ml.,
a = 0.56 mg./100 ml., as compared to 3.0 mg./100
ml., a = 0.47 mg./100 ml. for 13 normal subjects
under similar circumstances (i.e., during measure-
ment of filtration rate). Only three of the
nephritics had at any time a plasma inorganic
phosphate level greater than the mean normal plus
two standard deviations. Plasma levels of potas-

sium and inorganic phosphate did not necessarily
parallel one another. Unlike potassium, urinary
inorganic phosphate excretion increased with im-
provement in the renal lesion only occasionally.
The fraction of filtered inorganic phosphate which
was excreted by 13 normal subjects was quite vari-
able, with a range from 2.3 to 26.5 mg./100 ml.,
a mean of 13.0 mg./100 ml., a = 7.5. Neverthe-
less, the mean normal value plus two standard de-
viations was exceeded in nine of the 12 episodes of
acute nephritis.

(S) Ammonia excretion: The mean ammonia
excretion rate in nine normal subjects, measured
during the estimation of glomerular filtration rate
and renal plasma flow, was 13 microeq./minute.
One subject's rate was 2.7 microeq./minute, while
the rates in the remainder varied between 11.6
and 18.2 microeq./minute. Somewhat increased
rates of ammonia excretion, varying between 21.3
and 46.4 microeq./minute, were observed in five
patients (patients 1-4 and 6) during the early
phases of their acute glomerulonephritis (within
two weeks of onset). The excretion rates in these
patients subsequently fell to between 3.7 and 15.8
microeq./minute. These changes in ammonia ex-
cretion could not be correlated precisely with the
urinary pH. Several of the remaining patients
occasionally exhibited ammonia excretion greater
than the normal group, but generally the rates
were in the neighborhood of 10 microeq./minute
or less.

DISCUSSION

The pattern of renal dysfunction in acute glo-
merulonephritis appears to be quite characteristic.
Typically the glomerular filtration rate is reduced.
Function of the proximal convoluted tubules as
measured by the maximum excretory capacity for
diodrast (TmD) or p-aminohippurate (TmPAH)
may also be reduced, but low filtration rate to Tm
ratios reflect the greater impairment of glomeru-
lar activity. Reabsorptive capacity for glucose
may also be impaired but this function and the ex-
cretory capacity of the tubules may be affected to
different degrees in the same patient.

That the reduced filtration fraction observed in
acute glomerulonephritis represents a greater bar-
rier to glomerular filtration than to the passage of
blood through the glomerular apparatus has been
suggested in an earlier study (1). It is recognized
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that, in fatal instances the glomerular tuft changes
may be such as to obstruct the flow of blood. This
mechanism may account for the usual autopsy
description of "bloodless" glomeruli in such pa-

tients.4 However, in milder forms of the disease,
high RPF/Tm ratios indicate relative renal hy-
peremia, and at times, actual renal hyperemia (1).

The characteristic renal functional disturbances
of acute glomerulonephritis can persist in spite
of circumstances that are ordinarily associated
with quite different patterns of dysfunction. Thus,
congestive heart failure (19-21) and hyperten-
sion (22) are characterized by considerable re-

duction in the renal plasma flow and by increased
filtration fraction. However, a decreased filtra-
tion fraction was observed in one patient whose
acute glomerulonephritis was complicated by con-

gestive heart failure, while the other patient with
the same complication had a normal filtration
fraction. Similarly, low filtration fractions oc-

curred in many of the patients with acute nephri-
tis in spite of significant hypertension.

The majority of instances of acute glomerulo-
nephritis heal completely, especially in the younger

age group. Unfortunately, accurate prognosis in
the early phases of the disease is practically im-
possible. Renal function studies during the early
stages of acute nephritis are of little or no assistance
in determining the prognosis. Although the pa-

tients in this study who had the greatest impair-
ment of function did not recover, many observers
have commented that even the most severe ure-

mia is not incompatible with complete recovery

(7). Conversely, the acute disease may be so

mild as to almost escape attention and yet fail
to heal (7).

The functional changes during the exacerbation
of chronic glomerulonephritis are similar to those
of the initial acute episode. However, because re-

nal function is usually already reduced to some

degree in patients with the chronic disease, re-

covery of function following the exacerbation is
not ordinarily as complete as it is following the ini-
tial acute attack.

Edema is one of the most common manifesta-

4 The amount of blood in the glomerular capillaries in
an autopsy specimen does not necessarily reflect the
amount of blood present during life. Very few erythro-
cytes are seen in the glomerular capillaries of animals
sacrificed with entirely normal kidneys.

tions of acute glomerulonephritis. Many ob-
servers believe that generalized capillary damage
accounts for the edema in the majority of instances.
This belief is based chiefly on the common locali-
zation of edema about the face and especially
about the eyes (23), on the occurrence of edema
and hypertension prior to or even without urinary
abnormalities (24) and on older observations that
edema fluid of acute glomerulonephritis contained
relatively high amounts of protein (25). However,
obvious accumulation of edema in the loose tissue
of the face is not surprising in patients with fluid
retention who are confined to bed and who do not
have local or general elevation of venous pressure.
Nor does the development of edema and hyper-
tension prior to the appearance of urinary abnor-
malities preclude the possibility of early renal func-
tional involvement. And the most recent obser-
vation on the edema fluids of acute nephritis
reports the low protein content characteristic of
transudates rather than of inflammatory reactions
(26).

Congestive heart failure (27) was a contribut-
ing factor to the edema of only two of the 12 pa-
tients with acute glomerulonephritis in this study
while none exhibited the nephrotic syndrome. A
renal mechanism for fluid and salt retention in
acute nephritis, therefore, should receive serious
consideration. The observed reduction of filtra-
tion rate may well play some role in the pathogene-
sis of the edema of acute glomerulonephritis.
This is especially likely in those patients whose
filtration rates were reduced suddenly and severely.
However, at least one patient with massive edema
had a filtration rate within the normal range.
Further, the urea clearance in acute glomerulo-
nephritis is not infrequently reduced out of pro-
portion to the filtration rate and the degree of
oliguria. Reabsorption of urea by the renal tu-
bules appears to represent passive diffusion (28).
A possible explanation of the low urea/inulin
clearance ratio in these instances of acute glomeru-
lonephritis could be damage to the renal epi-
thelium. Such damage perhaps could permit in-
creased back diffusion of salt as well as of urea.
Certainly, the present data indicate, at least, that
the diuresis during recovery from an episode of
acute glomerulonephritis can take place without
a concomitant increase in glomerular filtration
rate. The increases in urea clearance with diure-
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sis were not entirely dependent on the increase in
urine flow, and thus may have been the result of
reconstitution of the renal epithelium with return
of function toward normal.

Abnormalities in the plasma concentration and
excretion of sodium, potassium, chloride and in-
organic phosphate, although common in acute glo-
merulonephritis were not well correlated with ob-
served changes in renal functions. An increased
fraction of filtered potassium excreted in the urine
was one of the most consistent electrolyte abnor-
malities in acute nephritis. This phenomenon has
previously been noted in patients with advanced
renal failure (29) and probably represents a for-
tunate shift in glomerulo-tubular balance that
permits maintenance of the plasma potassium level
as closely as possible to the normal range in the face
of decreased filtered loads of the ion. Whether de-
creased tubular absorption of potassium or in-
creased tubular excretion, both of which theo-
retically can occur in chronic renal disease (29,
30), is responsible is not certain.

Ammonia excretion appeared to be increased
somewhat during the early phases of acute glo-
merulonephritis. Although rates of ammonia ex-
cretion did not correlate precisely with urinary pH,
the increased ammonia in the urine perhaps rep-
resented a response to the acidosis that may have
been present. Subsequently, ammonia excretion
fell below the rates usually observed in normals,
perhaps because of damage to the distal renal tu-
bule cells.

SUMMARYAND CONCLUSIONS

1. The typical renal functional disturbances in
an acute episode of glomerulonephritis issues from
the characteristic glomerular lesion which leads
to an excessive reduction in filtration rate and fil-
tration fraction. Excretory and reabsorptive func-
tions, as measured by TmpA and Tm glucose,
respectively, are less extensively reduced.

2. The changes in renal functions are similar
in the exacerbation in chronic glomerulonephritis.

3. The typical changes are noted in spite of
hypertension or the development of congestive
heart failure, conditions otherwise characterized
by an increased filtration fraction.

4. The degree of abnormality and altered inter-
relations of renal functions are of little assistance
in arriving at a prognosis. Considerable improve-

ment in all functions usually follows an acute epi-
sode, although the rate of recovery is highly vari-
able. Function also improves following an ex-
acerbation but does not return to normal because
of pre-existing impairment effected by chronic
disease.

5. Salt and water diuresis during the recovery
phase of acute glomerulonephritis may take place
without change in glomerular filtration rate.
Urea clearance is sometimes reduced out of pro-
portion to the filtration rate in acute glomerulo-
nephritis, and during recovery may increase with-
out change in filtration rate.

6. Serum sodium concentration is normal or
slightly low while plasma chloride, potassium and
inorganic phosphate levels are sometimes above
normal. These changes are not related to the de-
gree of abnormality observed in renal functions.

7. Sodium and chloride excretion more or less
parallel one another. Potassium excretion is de-
pressed during the early stages of acute glomerulo-
nephritis and increases during the diuresis of the
recovery phase. A greater fraction than normal
of filtered potassium and inorganic phosphate ap-
pear in the urine in the majority of patients.

8. Ammonia excretion is greater than normal
during the early phases of acute glomerulonephri-
tis but subsequently falls below the usual normal
range.
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