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1. SUPPLEMENTARY NOTES 12- SPONSORING MICTTARY -ACHVITY
There are 12 symposia per year and these LETTERMAN GENERAL HOSPITAL
compose one volume. Each symposium is on | Presicéio of San Francisco, Calif 94129

goue c§p§c1alty in the field of intemal
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The papers in this issue of Present Concepis offer insight into both broaé and

specialized areas of Rephrology. In several presentations, cocuprelensive reviews,
not elsewhere available, are presented., A mixture of theoretical and practical ideas
has been embodied in the majority of articles so that understanding would precede
future decision in any of these areas.
vThe first article is another approach to the proolem of fluid and electrolytie

balance correction of pathologic deviations. Cookbook types of therapy are soecifi-
cally not included since they have little value to the individual patient. Sufficient
ezphasis is made on basic- concepts so as to enable rational decision. The physician's
presentaticu of his experience in caring for acute renel failure patients off inz
coast of Vietnam is both rewarding and disillusioning since nost-traumatic reunal
failure is associated with excessive mortality. The excellent report on the ratho-
genesis of glomerular disease is a timely fact-laden dissertation with irmedizte value
1'[ for understanding the immunologic events occurring in patients with glomervloneparitis}
iupus nephritis, and Goodpasture's syndrome. An article on malignant hypertension pro-
vides objective evidence which solidifies the need for treatment to normotensive levels
even il glomerulas filtration rate falls, albeit transieatly. The discussion of pyelod
neprritis presents new facets of diagnosis which should be beneficial to every cliui-
cian. The last article is a paper on drug sbuse and is published as a needed z2id in
diagnosis and treatwent of this extensive contemporary problem. Immedia*e application
is obvious and pitfalls are properly described.

Four full-page, black and white, cartoons appropriate to the subject are includes
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8 The several papers found in this issue of Present Concepis offer insight into
3 both broad and specialized arcas of Nephrology. In several presencations,
Ko - . . . b
& comprchensive revicws, not elscwhere available, are presented. A mixture E

3

%

of theoretical and practical ideas has been embodied in the majority of

3 articles so that understanding would precede future decision in any of

3 these areas. It is hoped that this volume will make a useful addition to the
2 Internist’s bookshelf.
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| The first articie, by Rubini and Chojnacki, is yet another appreach to the

b problem of fluid and electrolyte balance correction of pathologic devia-

tions. Cookbook types of therapy are specifically not included since they

havc little value to the individual patient. Sufficient empt.asis is made on

3 basic concepts so as to enable considerced, rational decision. Doctor John

A Conger’s presentation of his expericnce in caring for acute renal failure

paticats off the coast of Victnam is both rewarding and disillusioning since

3 post-traumatic renal failure is associated with excessive mortality. Asin

: previous reports, paticnt chemistrics ¢iten improved with dialytic treatment

& while infectious complications precluded survival. Doctor Stcinmuller’s

3 exeellent report on the pathogenesis of glovacrular discasc is a timely fact-

A laden dissertation with immediate value for understanding the immunologic
cvents occunting in paticnts with glomcerulonephritis, lupus nepbritis, and

4 Gondpasture’s syndrome. Dector Schwartz” article on malignant hyperten-

sion provides objective evidence which solidifies the need for treatment to

normotensive levels even if glomerular filtration rate falls, albeit transiently.

Dactor Michael Conger’s discussion of pyelonephritis presents new facets of

diagnosis which should be of benefit to every clinician. Finally, Doctor

Shiraberger’s paper on drug abusc is proudly published 2s a nc=ded aid in

diagnosis and trcatment of this extensive contemporary problem. Immediate

application is obvious and pitfalls are properly described.
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PRINCIPLES OF PARENTERAL THERAPY®

Milto~ ¥ Rubini, M.D.1 and Richard E. Chojnacki, M.D.

Zhe phyziolcgic mechanisug of porml wvater ard elsctro-
7v%e turnover invc've intake, abeorption, dody distribution,
and ~ltimstely, exoretion. VUVith parentaral therapy, physio-
logic vontrols of intabc and sbsorpiion aro bypsssod, and
hoamostetic regulation is largely depspdeat on remal excretion.
Introgeric Gecision wust Sall between the lixits of renal
oepacity of ocongervation to minimise dspletion, and snbanoed
exerotion to dissipsle surfeli, With normal renal function,
there is substantial leswny in adequate parenteral therepy,
but it behoowss the physician to be ever wary of overdependsnce
on renal adjustascts to correct therepesutic errors. Errors
of omission aye only partially ocompenssble by consvrvatory
mechanisma of ths kidney, becsuse there is an insxorable loss

of vater and sclutes that sventually must lead to depletion;
errors of oomaission can be rectified only to a degroe by
appropriate remal excreiion. Temporal limite to such ocompen-
sation are also {inherent, and coinxident demands for conser-
vation of ons substanocs and excretion of another may be oom-
petitive, so that ocne corrective action is cnly at the sxpense
of ancther. There are mexy examples c¢f apparently discordant
renal response. fThus, in order ¢5> conserve potassium, an . acid
urine may bte excreted despite allkslosis. Under ocsrtain cir-
cumstances, the Lody sacrifioes tonicity to maintain volums,
e.g. the salt-~free urine despite hypernairemia of dehydration,

or ths sodium diuresis despite hypomsiremia of chronic wvater
In others, tonicity is protected at the axpense

intoxication,
of volume, e.g. salt retaining states with impaired water
diuresis despite elems.

This discussion of certain practices of parenterel fluid
managessnt is more appropriate in principle rethsr than in
specific exampls. Therapy of a single patient requires oog-
nitive decision based on a vardety of individualised data and

1 rom Department of Medficne, W adsworth Veterans Administration Hospital and University of Cafifornia
1o Angeles Dactor Cliynacks prepased thos article with Dr Rubini during the year he was assoctated

v ith Wadawarth betore returming to Lettennan oo 1970
2 Chacal Proteswr of Mediane, Univezaty o " {ahiformz, L os Angeles
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Prozacaprios oof Paronterad Iherapy Buabaig and Cliognae ka
]

circunstances rather than any predefined formula or routinas.
Such recipes for parenteral therapy by necessity minimise
interactions between concurrent homsosiatic disruptiorns, and
assume that specific indications predicate similar therapeutic
actions consistently. In addition, a baseline of "normal" is
inferred, as if all acute and chronic physiologic alterations
were a cistortion of the steady state of the healthy person.
However, chronic disease may define a nsw baseline of howso-
stasis, and parenteral trsatment of the sick patient often
mst bs directed to re-establish thet steady state. The
impositinn of a preconceived state of normality deduced from
the study of well pesopls may be as abnormal for that patient
as tha acute disorder prompting active thsrapy. An attempt
has been made to focus oconsideration of this chapter to the
moYe severe and extreme derangesments of water and eleoctrolyte
metabolism as well as stsady-state requirements beocause it is
in these clinical settings that sound and effective parenteral

managenent is most critical.

GENERAL PRINCIPLES

Parenteral requirements may be arbitrarily divided into
three components: majntenance therapy, deficit therapy, and
replacemsnt therapy. Appropriate parenteral therapy requires
oonsideretion of each of these three aspects concurrently to
promote or maintain fluid and elsctrolyte homeostasis.

Maintenance therapy is the provision of basal requirements
of fluid, elsctrolytes, ani, eventuslly, calories, traoce
minerals and vitamins, et cetera. Homsostasis demands sufficient
fluid for the excreticn of wastes, the stabilisation of body
temperature by water loss through the skin, and the repletion
of respiratory losses, This quantity is often termed the
obligatory water requiremsnt, i.e. the maintenance requirement
for fluid in its minimum rather than optimsl sense.

Basal elecirolyte requirements are minimal as efficient
renal compensatory mechanisms are evoked with moderate deficits,
and the rate of further depletion is minimised. Ilosses in the
feces and in sveat are normally a minor fraction of total ex-
cretion, They also are diminished with deplstion, but with
lass efficiency than urinary losses. With abstinence of intake,
the bowel and skin losses become major destermingnts of deficits.

Frosent Concepis, Vol IV No 9, Scprember 1971
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Princapies of Parenteral Therapy Rudan and Chognae ke

Basal requirements of water, sodium and potassiun may be de-
rived from TABLES I and II. The obligatory water loss is the
difference betweer minimm losses and the water of oxidation.
Obligatory electrolyte losses eve the minimm losses in fecea
and urine, plus the several mEq/day lost from the skin surface
as will be subsequently discussed. Such minimms assume 2
state of ocontinuing depletion and hence they are thecrstic
rather than finite.

Homsostatic requirements for watsr and electrolytes
cannot be inferred from maximum oconocsniration of these sub-
stanoes in urine. Thus, the familiar oonocentraticn test
performed under paraphysiologioal stress such as water dep-
rivation cannot be continued indefinitely. Whiles man can
conoenirate his urine to approximately 1400 »0Os/L, the maximm
intake concentration of total solute is approximately 600 mOs/L.
Maxizum intake is compared to maximum excretory capacity
expressing both valusz as concentrations. Figure 1. Intake
ooncentration 1s besed on maximmm infusion concentration that
permits & steady state; output concentration is the approx-
jmats ceiling conocentration of these solutes in urine obtained
under a variety of circumstanoces.

MAXIMUM INTAKE CONCENTRATION [ VS
MAXIMUM URINE CAPACITY ¥Z

800
600
mM/L 400 i
7
- .l
7
NN
Na Cl K

Figure 1,

Presens Concepts. Vol IV No vy, Seprember 167]
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Prineapres of Parenteral Therapy Ruivssi and Choguae ki

TABLE?
DFTERMINANTS OF WATER BALANCE

USUAL RANGE FXTRI'ME
—————— mulltiters -
Intake
T'oods, hquids* 1000-1500 20,000%
Oxidation of tood or tissue 500- 800 2,000
Output
Unine 400-1200 10,000%
15,0008
Lungs 500- €30 2,000
Skin (sweat) 300- 500 15,0001
1 ecen 56- 100 10,0007
Stomach Aspirdte 6,000
High bowcl of 8.000
f ow bowrl I ntula 5.000

Water tarnover as percent body water / 24 hours
Adult 4-20%
Infant  15-35%

¢ including pre-formed 11,0

4 as water diurests - diabetes inamidus

* a< osnrotic diurcus - massive glycosuna ot sustained mannitol diuresis

1 acchimatized man performing heavy physical effort in dry tropical environment

'hchr.lm

TABLE 1T
CONSERVATION OF SODIUM AND POTASSIUM

MINIMUM TIMI REQUIRED
CONCENTRATION  TO ACHIEVE
OR AMOUNTDAY  MINIMUMLOSSES  CIRCUMSTANCES

Sadium

Urnine {1 miqit 1-2 davs abstainance + mincralocorticolds

fees 4 S ml g/day N week abstainance + miacralocorticonds

Stomadh® 60 ml g/l immediate concentration increases with pro-
longed aspiration

Rowel? 120 mb g/1 immediate concenteation increases with pro-
fonged aspiration

Sucat byt several weeks acclimatization and profusc sweating

Potawsium

tinne 33 migil# 24 weeks K deficiency

I eves 24 mtbq/day 24 weeks K deficiency

Stomach 24 mkq/L days :onla:ntralmn falls with protracted
ossCs

Bowel 24 miq/L days severe potassium deficiency or pro-
longed asprration

Sweat 23imlqL scveral wesks K deficiency

* assuming raximal acid <ecretion

* all bawel aspirates are essentially 1sotomic but with progressive losses these s increasing exchange of
Na for K, and Na composition aspirate approaches thai of plasma. Lower value. may be obtatned
if water ts uwd for flushing or if ingested wate: 1s lost bofore 1t 1s absorbed

# values below plasma concentration may occur with maximal water diuresie Fut net loss i g ater,

Present Concepis, Vol lV Nao 9, Scptember 1971
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g Principles of Pareateral Therapy - Rubnu and Chofnachi
E B
Defioit therapy is replacemsnt of losses that have
z occurred bsfore e orset of therapy; these are finite losses,
- and can be estimated from direot assays, laboretory findings,
, history and physioal examination. Deficit requirements in- :
volve both quantitative and qualitative considerations. Thus, )
3 ) the same quantity of sodium may be administered to correct a
4 deficit of body sodium content in a patient with hypovoiemia ;
- and & normal or high plasm sodium concentreation as is required
g to replaos a deficit in body sodium in a patient with hypo-
b patremia and edema. Iin the former instance, ascdium should be i
i Zven in sufficient water to expand the extracellular fluid,
= and henoe normeal saline might be u logioal prescrir*icn. In 3
3 the latter, relative or absolute water exosss is e\. dent, so j
e that if selt is deemed necessary, hypertonic saline should be H
" adninistored as a 3 or 5 percent sodium chloride (KaGl) solution. :
f; Since gastrointestinal losses are most commonly the cause :
% of deficit, knowledge of the volume lost and its probable ]
e composition is critical to estimate repletion requirements.
> Typical losses are depicted in TABIE III; more extensive
b Jepletions can be estimated from the maximm volumes in TABIE
I as electrolyte losses are gsnerally proportionate. A4s noted :
E: in TABLE III, comparetive indices provide a simple estimate of 3
> the percent of sodium replacement which should be given as 3
Z sodiun bioarbopate or its equiwvalent by subtracting 100, 3
TABLF 111 :
2 H
. ACID BASE INDEX OF GASTROINTESTINAL FLUID DEFICITS H
E ST :
2 Aspiraie N i
' Derivation [ndex: :(‘f)) X ig—g x 100 3
1 Stomach 50-90* f
Saline 80
Plasma 106 Arbitrary z
i3 : High intestinet 120-140 %
:: Low intestine 150-200 §
;f * Values from $0-120 <an usually be considered sutted for repletion wath normal <aline (Indey 80) E
’ i Pancteanic seere ton i ighly atkaline exeept in the case of fistulac when 1t is generatly admi ved f;
) ;; with acid stomach thid g
S Present Concepts, Vol IV No 9, September 1971 ?
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Frmaples of Parenteral Therapy Rubii and Chemachi

Replacement therapy is the repletion of continuing ab-
noreal loases, These may involve losses through the kidney,
gastrointestinal tract, skin or lungs. Again, not only must
the volume of fluid lost be replaced, but the composition of
the replacement solution should be "tailored® insofar as
rossible to the composition of the fluid loast. Replacement
therapy is always a supplemsnt to maintenance therspy, and
may be a complement to deficit thorapy. As a generality,
tosses of fluid derived proximal to the duodemm are acid snd
tend “o maks the extracellular fluid alkaline (alkalosis);
losses from progressively more distal sites are alkaline tend-
ing to leave the extracellular fiuwid more acid (acidosis).
The sits of desrivation rather than the aite of renoval char-
aclerizs the pH and bicarbonate content of gastrointestinal
aspirates.

The Concept of Zere Belance

The steady state of homeostasis is often referred to as
%zero external balance” whersby intake and output of a sub~
stance are equal., Zero balance also implies normal body
content as it is assumed that if an exoess or deficit were
present, and intake contimued, output would adjust to com-
pensate. It is obvious that this ooncept is an oversimp-
lification, but it is clinically useful and converient to
describe body homsostatic mechanisms and dsrangements in terms
of poasitive, nagative, or sero balances.

Physiologlc balance must be definad not only in terms of
external balance or whole body content of fluld and various
sleoctrolytes, but the interpal compartmentalization of these
contents, 1.e. cellular and extracellular distribution. When
either the externmal or the internal balances are derenged,
there is a tendency to return both balances to zero coinci-
dently, as the content of cells are in equilibriwm with the
content of extraceilular fluids. The fact that a load of
isotonic saline is excreted, despite unchanged extracellular
concentration, unsquivocally points to & volume stimulated
regulation of balancs.

Diverse contemporary homeostatic mechaniems are always
integrated. Distortions of both external and internal gero
balance are not only quantitative but also involve the content
of one substance relative to another, i.e. concentration of a
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Princypldes of Parenteral Theraps Kubnit and Chomachy

solute in extracellular water or the relationship of intra-
cellular potassium to sodium. Appropriate remal compsnsation
to achieve zero balance is often a complex process. Consider
thes renal adjusztmsnt to the prosaic act of infusion of a liter
of isotonic salt solution, i.e. 1000 ml of water, 150 mEq of
Na+, and 150 xBq of Cl. The kidney must not only excrete the
load of water and solute in toto, but must be concermed with
the temporal relationship of ths exorc“ion of one solute as
related to anothsr, as well as their oc. “entration in the
loading fluid. In the case of isotonic sodium chloride in
vhich the chloride is in substantial exoess of its concen-
tration in the extracellular voluss, urinary chloride output
incroases prior to the increase in urine flow; water is then
excreted in exoess of tha extrz solute and finally sodium and

to a lesser degres, chloride is excretsd in excess of extra
water.,

Despite the wide range of qualitative and quantitative
renpal adaptation it is easily possible to exceed renal com-
pensation and a chronic overload may develop., Excretory
adjustments are often interrelated, the most cbvious example
being the accumulation of water vhen the amount of salt given
concomitantly exoceeds renal excretory cavacity.

WATIR

The first order of concern in parenteral requirements
and therapy is water. Normal water balance may be defined as
the physiologic state wherein intalke is approximately equail
to output when neither intaks nor output is manipulated.
Becauss intake is usually interaittent and output contimous,

an arbitrary period of reference of 24 hours is usually assumsd.

Water bulance is never static, and continmuously fluctuates in
reflection of activity and metabolic stato. Thus, if one
assumes that 3810 balance is reached at a specific time, i.e.
at meal times, a normal man subssquantly either ingests a
water excess stimnlating regulatory mechaniams to reducs
positive water balancs or undergoss water privation stimulsting
thirst and reral conservation of water.

As a dynamic concept, water balance cannot bs arbitrarily
defined relative {0 body weight, intake or excretion without
reference to the coincident balance of sodium and chlorids,
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Urinciplos of Parcntoral Iherapy Rabioe o Chopra ke

The temporal as well as quantitative aspects of derangsments
of water balanoce are critical to the physiologic and pathologic
responses 80 irduced. V¥hile the main regulatory mechanism of
wvater balance is renal, overwhelming excess or deficits of
wzter may ultimately ocause a2 renal response which is inappro-
priate or coaverse, e.g. antidiuresis of cavere wate:r intox-
jcation or the reduced solute output (and isotonic oliguria) .
that occurs with massive salt exocess. Thirst also regulates
water balance, albeit at a primeval level. In the activity
pattern and conscious behavior of modern man, imbibition is
ckiefly by habit or custom rather than from thirst.

Water balance is intimately rmlated to thermal balance.
In order to maintain therwoneutrality, heat loss over any
pariod must equal the total heat produced. A healthy, active
male in a comfortable envirommental tempersture will 1lose
approximately 1000 calories per dey by evaporation of water
from the skin and lungs. Additional losses include 2000
calories by radiation and conduction from the skin and 100
calories by increass in tamperature of inspired air and
excretion. Heac dissipation favors convection and radiation
routes in the presence of lov ambisnt temperatures, while
evaporation is of prime importance when ambient temperatures
are equal to or greater than body texperature. In this
situation heat cannot be radiated and heat loss is primarily
by evaporation of water from lungs and skin., Each milliliter
of vater vaporized requires a dissipation of 0.58 calories.
Loss of heat from the body is dependent on the amount of water
evaporated, not on ths amount of sweat produced.

Kven in the absence of sensible sweating, water require-
ments are directly proportionate to the caloric expenditure.
An adult metabolizing 20 cal/%g/24 hr utilizes approximately
100 m1 Hp0/100 cal or 2.0 liters. This ration of fluid
required per calories expended is relatively constant in mos?
mammalian species, while caloric requirements per kilogram
of body weight evolves progressively through infancy and child-
hood and varies substantially among different species. Ae
motabolic rate is proportionate to surface area, rather than
hody weight, water turnover can be similarly expressed in all
spacies at about 1100 cc/m? of body surface/2/ hr. Increased '
caloric requiremsnts, as in protracted fever or thyrotoxicoais,
impose an additional but proportionate water requirement since
basal metabolic rate increases 13 percsnt for each degree rise
in body temperature,
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; The obligatory volume of urine is determined by the

4 amount of solutes that must be excreted and is relatively
independent of watsr ingeation or abstinence, e.g. if daily

«

solute load is 300 mOmm, and maximm urinary osmolality is
1200 mOsm/kg, 400 ml uripary water is required to excrete
this lcad. With greatsr solute loads, maximum urine osmolal
concentration falls, and the obligatory volume of urine
increases more nsarly gecmetrically than linearly. Maasive
glycosuria may impose a solute load of several osmoles per
day. Skin losses of watsr may increase 10-20 fold with
Phyaical exertion ir a hot dry snviromment; fecal losses may
increass 3-4 fold with diarchea, and much more with choleraic
states. In such abnormal circomstances, water balance tends
to 1ag pegatively, and zerc balanoe is approached, but seldom
reached by greatly augmented intake under the provocation of

thirst alone.

Generaliy, the urine is more concentrated than plasma,
indicating that 2 mild degree of dehydration is the normal
steady atate. Even under ordinary circumstances, man drinks
episodicelly in excess, ond swings intsrmittently into posi-
3 tive balance. He then excretss free water to correct an
e excessive watar load. It is ite aim of parenteral therapy

to maintain a slight positive balance of water so as to allow
a modest facultative urinary excretion, i.e. that volume of
urine in excess of obligatory excretion., Facultative water
is not identical to free water excreted, although free water
is always facultative. Urine is therefore geperally less
concentrated than it could be and still mzintain solute
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excretion, This is probably normal in a physiolegic ssnse

A as a mmber of mammalian species from rats to man maintain
b an intake of water in modest excess of obligatory losses. ;
f f
The intake of water is in four forms: (1) that water :
drunk ir response to thirst stimuli or babit to meet the H
3 cultural patterns, (2) that water which is pre-formed in i
& foods and taken primerily in satiation of bunger, (3) thst i
3 wvater which is derived from the oxidation of tissus constit-
£ uwsuts, and (4) that water vhich is infused or otherwise d
= introduced into the body by prescription. The character of 3
, the dlet relates to water availebls fer excretion by the type "
53 of food eater (pre-formed water) and the nutrient composition ;
3 thereof (water of oxidation). Bread contains 20 percent :
-39 pre-forned water, meats same 75 percent, and vegetables and
A fruit from 70-95 percent. The water obtainsd from cxidaticn )
v.‘_ I'roved (o cerec 00D Novw Sonrember 107] §
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Principlos of Parcnteral Therapy - Rubint aid Chemnar &

depends predominantly on the amount of hydrogen of the molscule
concerned (protein 0.41 cc/gm, carbohydrate 0.55 cc/gm, fat
1.07 cc/gm). Approximately 12 ml of water are derived from
eack 100 calories metabolized (protein 10.5, carbohydrate 13.8,
fat 11.5 m1/100 ccl).

In addition to the quantitative aspects of water balancs,
there is also a temporal aspect. An increasingly negative
balance of water, produced at a modest rate, may lead tc well
tolerated contrsction of body watesr although a rapid loss of
similiar magnitude caused by sweating ray causes collapss,
Chronic water excess may be totally asymptomatic and manifested
only by reduction in serum osmolal concentration or it may pro-
duce a crescendo of symptoms from mental confusion to eventual
coma. A load of water may induce water intoxication if given
so rapidly thai{ renal compensatory mechanisms lag substantially
in ezcretion., Acute water intoxication evokes a striking
syndrome complex marked by restlessness, acute weakness,
dierrhea, salivation, itcbing and vomiting, tremor, muscle
twitchee, and convulsions., Forced acute water poisoning has
been awardsd a reputation as & medieval or oriental torture
although it is potentially lethal, the discomfort is short
lived and coma rapidly supervenes. The acuts syndrome is
primarily seen when iarge water loads are introduced into
ths gastrointeatinal tract and probebly reflects rapid loss
of sodium and chloride into the intestinal tract, as well as
the herodilution and hypo-osmolality caused by water absorptiorn,
Positive water balances produced more alowly by ingestion of
similar volumes are seen in psychiatric illness with compulsive
wvater drinking and yet with much less adverse symptoms even
though a positive balance of 20 percent of body water may be
noted. The central nervous symptomology of water excess is
in many vays similar to that of water deprivation, and at
extrems, both may be associated with oliguria. Epileptic
subjects are particularly prone to seizures with overhydration,
and it is reputed that Rapoleon "encoursaged" ingestion of weter
as & means of separeting potential epileptics from his drafted
recruits.

There i3 also a poorly understood phenomenon of resistancs
to water intoxication that cannot be complstely related to
augmented renal excretion. It is demonstreble by giving rats
progressive increwents of water on successive days and finding
an increased tolerance to acute water intoxication that is
manifestead before diuresis and even after nsphrectomy. Gluco-
corticoids have similar effects, at least in the ret, of
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Principles of Parcnteral Therapy - Rubu and Chejnack:

inducing resistance to coma producad by msssive water loading.
In this species, and possidly in man, adrenalectomy incrvases
susoceptibility to acute watar intexication. The situation
ssems skin in man to the clinioal tolerance to hyponatreamia
which clearly depends on the rats of development as well as

the degrees.
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ISOTONICITY AND OSMOLALITY

Successful parenteral therepy requires not on.y restoration
and mintenanca of volume but also & normal solute conosntration
in that velume. Solutions which are at the concentration of
plasme and extrecellular fluids sre "iso-osaolal®” or "isotonic"
althougn the lattar ter= is oftan used incorrectly.

Isotonicity of a solutiou is defined as that concentration
at whish suspended red cells are unchanged in volume Tonicity
is independent of ommolality, s.g. the addition of ures or
alcohol to an infusion does not alter tonicity because these
substanoces freely permsate 1ed oells and yet such addition
obviously alters ommolality. Tonicity is defined relative to
a msmbrane of reference, while ommolality is & colligative
property of a solution vhether or not a membrane is present.
Isotonic solutions are not nscessarily of the same osmolal
concentration as the fluid vithin the c3ll and categoristior
of isotonicity depends to a degree or. the species of mammalian
E ocells utilised. Thus, radbit erytluccytan define isotonicity
3 at 1.1 percent sodium chloride, widle 0.9 percent sodium
Z chlorids is isotonic for humn red oslls. The clinical uss
e of isotonic saline implians a mstching with the osmolal oon-
= centration of tha extracellular fiuid. This is only partially
4 trus, however, as the effective cmmolal ocuncentration of the

fluid bathing cells is some 5-10 percent lower than that of
isotonic saline, and mAy vary + 5 percent from patient to

patient,

Plamma is the conduit between the protoplasm and fluid
leaving or entering the body. As plasme is isotonic by

definition, only fluid containing a suitabls concentration
of solute can treveras ths plasmse. It is this coincident

solute movement that controls the flow of water across bio-
logic membranss and is inflrenced by simple diffusion,
hydrostatic pressurs, ocsllular metabolic activity and trans-

maxbrane ionlc {luxes.
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Principles of Parenteral Therapy - Rubine and Chopnacha

The complexity of (transmembrane) water and salt movements
is exemplified by the changes which ocour in the volume and
composition of fluids introduced in the peritoneal cavity.
Isotonic glucose solution increases in volume prior to absorp-
tion because of the transperitoneal movement of sodium and
chloride which temporariiy raise oemolality above that of
plasma. Isotonic saline by contrast is readily absorbed, and
only by the addition of 3.5 to 4 percent glucoss may the ab-
sorptive foroes be balanced. The dependence of water movemsnt
on the character of solute dissolved may be further illustrated
in seversl simple physical-chemical experiments: (1) isotonic
saline will lose fluid across a cellophane membrane to isotonic
glucose because cellophane as compared to the red cell membrane
is more permsable to salt than glucose, and (2) when isotonic
solutions of magnesium sulfate and sodium chloride are similarly
separated, the sulfate side expands at the expense of the chlo-
ride side, reflecting the different rates of solute diffusion,
i.e. chloride diffuses faster than sulfate.

PROCEDURE OF PARENTERAL THERAPY

The first requirement for parenteral managemesnt is a
safe and ready access to the circulation. Indwelling venous
cathster techniquas have greatly simplified procedure, btut
care must be constantly applied to avoid introduction of in-
fection by uss of bactericidal ointment at the site of skin
puncture. Cortimuous infusion minimises the risk of clotting
while psripheral wvenous catheters slould not bs used for more
than a wesk (preferably 3-4 days) without changing the site
of infusion. Solutions of glucose above 14 percent are poorly
tolerated in peripheral veins, but introduction of 2 catheter
into large deep veins such as the jugular, the iliac, or even
the vena cava, permits the rapid dilution of more hypertonic
solutions which otherwise tend to injure the venous intima.
The addition of glucocorticoids to ocommercial hypertonic
infusion solutions. presumebly to mininise inflammstory reac-
tion, is probebly unnscessary but seems harmless. Beparin in
small amounts also may be added to hypertonic infusions.

Az a genaral principle, single component solutions are
preferatle to polyionic solutions if several solutes must be
given simultaneously. The addition of potassium chloride or
sodium bicarbonate in spscific and carefully considered
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Principles of Parenteral Therapy - Rubine and Chojnack:

amounts to isotcnic saline is prefserebls to "standaid® mixtures
prepackiged for marksting convenienoce rether then physiologic
serit. All edditives should bs labslsd ca the infusi>n bottle
asd orders should define rate of adminic:.retion, the character
of parenterel flnids, and volume presoribed. Bottles shwuld
b9 comseoutively :ambered to minixise confusion and to readily
permit bedside recognition of the speed of administretior.,

The mursing staff should be slerted to rscognirzed changes in
eriic flow, thirst, anxiety, headachs, and othsrs, as probable
indiicatioge 20 slov but not completely stop the infusion and
> potify &= responsible physician. The use of indwelling
sentrel weaous ctheters to determine pressure at frequent
intervals is helpfui wihen the volume required is uncertain

or remsl oompensation is limited, especially in elderly or
deddlitated sudjects. Fortumately there is a wide flexibility
of physiologic adaptation to overssalous application ¢f paren-
teral therupy so that & ¢rial and obeservatiion routine is

gousrally feasible.

Iaboratory studies needed for retional parenteral manmsge-
mont includs the bemstocrit, and the sodium, potassium and
Moarbosate content of plasma. Flasms or blood pH determined
oither elsctramstrically or inmdirectly from pC02 and bloar-
bomate is easpeciaily helpful. Ommolality o plamma may be
isvalwabdle, especially for recognition of cdrcuiating ommctic
material otbher than sodium, such as mamnitol or uree, The
chief contribution of plasme chioride Geterminetion is in
relationship to sodiux concentration, and serves to delinsate
states of anion excesses ocourring in uremia or lactic acidogis.
Orine stadies of prime utility include a2 msasure of oonoentre-
tion (cmmolality is preferred to specific gravity) and pH.
Unless there is obvicus excessive loss of body fluid, plasms
deterxinmations are more essential than randos detorminations

of urinary electrolytes.

In chronic disorders of body fluid and elactrolyte balanoce,
onoce intaks is known, the determimation of sodium, potassimm
and chloride content of spot samples of urine is increasingly
valusble, but 24 bour collsctions are muperior. The ocognissnoce
of extermal slectrolyte losses from all liquid excretions and
sspirations from e body is essential, and ocontiruous ocomrlsie
daily oollections should bs obtainel. The physician must oon-
sider the delay in odtaining the ocllection and the tiss re-
quired for laboratory studies in the interpretation of the
patient's status of the moment.
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Prinaples of Parenterel Therapy - Rubin and Chojnacki

A Parenteral therapy should be carefully re-svaluated at
2 least daily, an approach facilitated by sccurate tabulation
3 and charting of pertinent data. Too oiten, decision is made

predominantly from laboratory data. The wary clinician,

3 however, should never regard ths laboratcry as more than an

E adjunct t¢ information gained directly by clinical observation
of the patient tecauwse even with relialle data and reasonable
deduction, the patient will sometimss show clinlical deterio-
ration before or despite biochemical iaprovement.

Parenteral Therapy of [1ypo-Osmolal States

X The symptoms of hypo-oszmolality are non-specific and

i include weakness, lsthargy and coma. Intreocellular hydration
= is increased except possibly in certain chronic disease states
E associated with proportionate intracellular potassium losses

7 the sick ~ell syndrome". Clinical dependence on such aigns
as skin turgor or fingerprint clarity may be inadequate,

E: especially in the elderly. As red blood cells swell, hemato-
crit may be elsvated. Cerebral spipal pressure may be mod-

= erately ivcreased but papilledema is umususl. The elsctro-
encephalogran may show non specific slowing. Thirst occurs
despite F—rpo-osmolality in response to acute changea in volume,
toxicity, or possibly potassium deficiency. Urinary sodium
is usually not helpful diagnostically as it may be reducad
{secondary to reduction of filtersd load?) or increased.

TP —I
’l‘ .l‘:{‘k\'l' J; Vf\

In most instances, water deprivation alons is optimm
therapy. This is more easily prescribed than expedited as
the hospital enviromment iz permsated wvith the idea that
forcing fluids is an attribute next to clsanlinssa, Cracked
ice and 1iquid nutrients are proferred indiscriminantly by
vell meaning aides, visitors, and other patients who seem to
squate thirst with neglect. More rapid correction of plasmsa
omaolality requires the administration of hypertonic salt
solutions. This option depends on dsfinite acute clinical
indications because pulmonary edema, oongestive heart failure
and hypertension may ensus, especially if whole body sodium
is already increascd., ¥ith treatment, the rise in serm
& sodium will bs predicated on the redistribution of water,

B and not simply the dilution of sodium in & static extracellnlar
' fiuid volume. Therefore, whcle body water must be used to
calculate the amount required to achieve the desired change

in concentration. In most instances, such calculation in-
dicates a nsed for very large quantities of hypertonic saline
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Prinaples of Parenieral Therapy Rubm and g ke

to raise concentration to normal, wmuch to *he consternation of
the physician, A triel of 25-50 percent corrsction is usually
sufficlsnt to demonstrste whether clinical improvement will
ocour., Administretion ahould be slow, preferably over a 12
hour period followed by a 12 hour period of observation. As
& rough guide, 6 1l of water becomes isotonic for every mili-
uole of sodium chloride given in excess of normul saline.,
Srdium excreticn in the urine may remain unchanged uniil the
body deficit is replated or may increase unier the stizilus
of expanded volume or the persistenocs of an altersd "osmostat".

The removal of water in excess of salt may pe accomplished
by inducing an ommotic diuresis, usually with mannitol. The
concentration of urinary sodium during vigorous diuresis with
this agent is appriximately 30-40 -EqiL, ro that three-fourths
of urine volume is in excess of the ommolar ratio of plamma.
Urine flow, however, is proportionate to the filtered load of
mannitol so that a substantial plasma manmnitol concentration
is nocassary. Increasing plasma osmolality in this manner
may reduce cerebral edema by establishing an ommotic gradient.
Rsbound phenomena are minimized as the exoess vater drawn from
c3lles is carried into the urine. Because plasma volume expands
initially with large mannitol loads, the procedure ie not
entirely withsut risk of pulmonary edema, Barry, bowever,
recommerals the use of mannitol, at lsast in a trial dose of
20 grams, in most patients even in the presence of mild to
moderate heart failure, /1/ Urea may be similarly employed
but rapid infuzion of concentrated solutions of urea may pro-
voke nauses, vomiting and somnolence. Urea slowly enters
cells and; as urea is excreted into the urine and extraosll-
ular fluid concentration falls its subssquent diffusion back
into the plasma may lag behind that of water and oceniral ner-

vous system syrptoms may be aggravated.

Conoentrated glucose infusior. may also be effective, but
the high blood sugar levels needsd to induce a brisk camotdc
diuresis are not well tolerated £nd require massive loads,
Finally, the induction of sweating is more of a thsoretic
possibility than a practical measure for application in sick

patients.
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Principles of Parcnteral Therapy - Rubimi and Chomacki

Parenteral Therapy of Hyperosmolal States

Clinicsl recognition of hyperoamsolal states is based on
intuition ard knowledge of precipita’ing factors. Symptoms
that are suspect include somnolencs, lethargy, or coxe (a
rather similar picture to the symptoms of hyponatremic states).
Restlessness, anxisty and even menic activity may be premonitory
manifestations, headache or visual difficulties may be prominent.
Precipitating factors include diabetes and water deprivation.

The akinfslds are lax and normai skin elasticity is lost,
sweating stops. Subcutaneous tissue is plastic and thin, the
mucous membranss are dry and saliva is scanty. Vaginal mucoss
is al=o dry, a finding that may be useful diagnostically in
female patients= breathing through their mouths. The patient
may have a staring appssrance and the voice may be hoarse.
There is a general apethy and delayed response to interrogation.
Thirst may be a ocomplaint upon direct questioning, but because
the patient is often severely ill and stuporous, its presence
is often not spontanecusly asocertained. Recumbent hypotension
may bs prominent, or postural hypotension and faintness may be
the chief reflsction of hypovolemia., Cold extremities, thready
pulse, collapsed veins may also be present, ocular tension may
be diminished on palpstion.

Cornfirmation is obtained by the demonstration of elevated
plassa sodium or ommolality. Asotemia raises plasma ommolality
but effective osmolal concentretion is normal. Increased cir-
culating 1lipid or protein may artefactually raiss serum sodium
dus to displacement of plasma water. A trus hypsrommolal state
may be dues to substantial hyperglycemia, e.,g. greater than
500 mg/100 ce (180 mg'100 cc = 10 w0s/L}, while lower blood
levels have less importance exocept for the aggravation of
water and salt by losees by osmotic diureais. With hypergly-
cemia, plasma sodium is not a reliable indicator of hyperos-
molality since it accounts for less than its usual half of
total plaama solute, Excesaive sweating, hypertonic or dry
sal’ adminisvration are cccasional causes of hyperosmsolality,
but most cases are dus to water deprivation or {c an axcessive
obligatory losa of watsr secondary to sclute overload.
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Principles of Parenteral Therapy - Rubin and Chiojnacki

The classic sxample of hyperosmcial hypovolemin is an older
patient with nephrosclerosis wvho is umble to copventrate his
urine normally. Admitted to the hospital and urable to eat by
himself, he iz started on a tube feeding mixture. Too often,
the emphasis is on total cialories, protein, vitamins and elsc-
trolytes so that water needs are neglected. The inability to
oconserve water is further compounded by the fixed loss of water
acocmpanying increased urea nitrogen sexcretion. WHith hypovo-
lsaia, salt retaining stimnli are added. On the fourth or
£1fth hospital day, the patient has lapsed into coma and serum
sodium is found to be 165 mEq/L. A myooardial infarct or
cerebral vascular accident that was suspocted as the cause of
deterioration may havs actually been induced by dehydration,
thus farther oomplicating recognition of the original cause
of difficulty.

Hypsromsolality is often (but not necessarily) coincident
vith hypovoiemia and the symptomatology of increased ccnosn-
tration merge with that of decressed volume. Hypovolemia due
to loss of whole blood volume is disocussed subsequently in the
subsection on acute volume deficits., The commonest clinical
osuse of hypovoleaia and ultimately hyperommolality is dehy-
dration, & clinioal term applied in a brosder sonss than simple
deaiccoation.

The recognition of dehydration is facilitated by charac-
terization of urinary output. With dehydration, urine 4s
characteristically reduced in volume; 4t is highly concentrated
tut lowv in sodium content as the body attempts to conserve
volums at the expenss of tonicity. Thess findings do not
neces3arily prove dehydration, as patients with acute glomer-
ulonsparitis mey produos a mmall volums of highly concentrated
urine with little sodiun. Similarly, acute reduction in renal
bloodflow mey serve to pr~iuce oliguria with sodium retention
and increased osmolar concentration. Conversely, the finding
of a copious urine volums with increased sodium concentration
does not rule out dehydretion as remal functiov may be inad-
equate or an osmotic diuresis may be present.

The relstionship of solute load tc water requirement
deperds on conventrating ability, the rate of solute excreticn
(that is, the degree of ommotic diuresis) and to a lesser degree,
the predominent solute excreted. Prefeeding protein increases
concentrating ability, protrected overhydration diminishes it.
With reasonably normal filtration rates and usual solute intake,
the specific gravity at urine flow grester then 1.5 co/min
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Principles of Parenteral Therapy - Rubini and Chopnacki

should be less than 1,010, Ths finding of consistently iso-
tonic or slightly hyperto=ic urine with outputs of over
2000 cc/24 hr should suggest that an ommotic diuresis is
present,

In gencral, the mainstay of parenteral trestment of hyper-
omaolar states with hypovolemia i1s 5 percent glucosa in water,
although 0.45 percent saline may be usad to replete voluas
when water is needed in exoess of salt. Isotonic intravenous
glucose solutions may be infused at a rate of 12 cc/min with-
out producing glycosuria (0.5 gm glucose/kg/br). This is
approximately one-balf the equivalent rate tolerated by dogs.
The limiting restriction to the rate of infusion of 5 percent
glucose is the blood glucose concentration end thus dspends
on antecedsnt diet and nutritiopal status as well as the factors
which influsnce the action of insulin,

Por prectical purposes, infusions of 5 psrcent glucose
behave asz if only water were infused., There iz an appreciable
lag to diuresis following glucoss infusion that is not pro-
porticnal to the rate of infusion, and henos is not sxplicable
by rate of fall of plamma osmolality or the rete cf expansaion
of body water. This phenomenon most probably represents the
lag time for the disappesrance of all circulating antidiuretic
hormone. Peak diuresis, on the other hand, is directly relzted
to load and loading rate. Diuresis persisis after cessation
of infusion for a ons to two-hour period, indepsndent of the
amount of positive water balance accrisd at the end of infusion,
although the amount of urine produced over this psriod is
clearly load-related.

In normal individuals, a diuresis of over 35 cc/min may
be achieved for brief periods, but it is difficult to sustain
water diuresis above 20 cc/min for protracted periods even with
constant water intake, If continuous water intake substantially
exceeds the rate of output, urine flow may abruptly fall as
symptonms of water toxicity appear. Becauss there is an apparent
floor to solute corcentration in urinn of about 80 m0s/L,
continuously high urine flows are nscessarily solute depleting
(especially of sodium and chloride). Byponatremic and hypo-
chloremic siates as well as most chronic debilitating diseanes
jmpair the ability to excrete a water load and diuresis may be
absent, reduced in quantity, or delayed. Pain, fear and many
drugs 2timulate antidiuretic hormone (ADH) relsase and may in-
hibit the production of free wvater and excretion of a poaitive
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Princsples of Parcuteral Therapy - Rubing and (hojnacki

vater load. Thus, gluccse infusions are an unreiiesble thera-
peutic means of inducing a sustained diuraeis, o.g. after drug
ingestion, when a high rats of urine flow is desired; an ommotic
diuresiz with a non-absorbable solute such as mannitol is
preferable.

Parenteral Therapy of Acidotic States and the Therapeutic tnduction of Alkalosis

Severely acidotic clinical states are frequently compli-
ocated by ooincident azotemia, hypercapais and hypoxia so that
. the etiology of specific sy=ptoms is difficult to detemmirs
with certainty. The most common cause of sesvere zcute acidoais
is the retentive ezccumclation of organic acids, espacially
lactic acid or keto-acids due to >vezrproduction or anoxia.

Isss chronic and usually less sevure metabolic acidoais is
nost commonly caused by protracted loss of slkaline irisstinal
ssoretions. Arteri=l blood pH values below 7.25 are associated
with mental disturbauces and possibly comm; jactitatione,
papilledems and arrhytlmias mey occur. Cardiac outpei is
increased ard peripheral blood flow and heat loss is accentu-
ated., Ssvere acidosis is paiticularly dslsterious in ths
prasence of & borderlins oardiac compensstion as the greatly
increidsed ocardiac demand and the diverzion of blood from vital
organs may initiats a viclous cycls of acidosis failure
anoxia more scidoals, and 20 on. Death is imminent with a
blood pH that is slightly telow 7.00.
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The aim of therapy is to decrezse the causative factors
>f acidosis, e.g. &noxia, carbon dicxide refention or insulin
isck. In addition, sodium bioarbomata or lactate solutions
are gensrelly ussd. Rapid zhifts from sawsre acidosic to
overt alkalogis should be avoided becauss of the risk of in-
ducing arrhythmias., Hypoosloemia with oconvulsions may also
eoccur with srercorrecticn skl rapld pradaetl.g of metaboilic
sikalonis, sopecialiy in chiidrsn,
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The *bicarbonats deficit" is unr9liable in ssseszing the
degres of acidosis sizce other buffers, notably hemoglobin,
tissne proteins and poesibly the skeleton arc involved in
ocompenmtior of wvhat can bs considered a proton load. To
astimits the bicarbonmate needed, a general rule of tinmd is
{0 subtrsct the obsarved ticarbomate from an idsal normel of
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Principles of Parenieral Therapy - Rubou and Chopmackt

approximately 27 mM/L and to multiply this differency by 40
percent of body weight, i.e. a value somswhere between extra-
cellular volume and whole body water. Usually, only half of
the deficit is given in the first 24 hours. In situations of
extreme acidosis, e.g. methyl alcohol poisoning, it may be
deairable to give extremely large amounts of bicarbonats rapidly
until urine pH becomes alkaline. Calculation of bicarbonate
distribution under these circumstances may reveal a substartial
discrepancy between the amount admeinistered and that amount
retained in the chloride space or excretsd in the urine which
confirms the existence of ummeasured cellular buffers.

Intravenous solutions employed to increass plasma pH
contain bicarbonate, lactate or acetate. In theory, all are
similar because acetate and lactate are rapidly metabolized
to bicarbonate. Bicarbonmate, or its equivalent, may be gziven
as ocommercially prepared balanced isotonic solutions; usually
containing about 30-45 m0s/L of base excess an one-sixth molar
or one molar lactate, or the desired amount of bicarbonate
may be added to other fluid requirementis. More concentrated
solutions of bicarbonate, e.g. five percent, are occasionally
eaployed but lactate containing solutions have generally been
accorded the greatest popularity, perhaps due more to famil-
jarity than on a scientific besis. Even though it is proeduced
by fermentation, a process more expensive than chemioal, lsc-
tate is used preferentially to bicerbonate in tha mamufacture
of balanced solutions that are egtored, bsocause bicarbonate
solutions terd to decompose with the formation of insolubls
carbonates, £vailable solutions of lactate contain ths racenic
form of tha substance although the mstabolism of d-.lactate ie
substantially slower than that of l-lactate. /2/ Iactate ard
pyruvate concenirations in the plasms may rise temporarily in
normal individuals receiving lactate ion. Acetates solutions
are mors stabls and potentially cheapsr to produce chemically
but have had limited use sxcept for peritomsal dialyeis.
Plasma lactate and pyruvate do not increase with acstats,
and plasma clearance of acetate is rapid. In certain circum-
stances such &s in diabstic acidosis or in aremic patients
undergeing chronic dialysis, thers appears to be & slowirg of
the metabolisw of acstate ion; hence, limiting its utility.

4 special case of acute acidosis is primary lactic zoi-
dosic in which the defect sesms to be ths irreversibls con-
version of pyruvate to lactate which acoumnlates in extre-
cellular volumes producing & severe, progressive. and often
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Principles o Parcntere! Therapy - Rubiin and Chofnacke

lethal retention acidosis. Alkali therapy with bicarbonate
has been notoriousiy unsuccessful in promoting salvage sug-
gesting that reduced plasws pH is the misiirected focus of
therapy.

Parenteral Therapy of Alkalosts

Clinical states of alkalosis are lsss common than acidotiec
states and the infusion of acdd to correct severe alkalosis is
seldom required as an emsrgency meagure. Although respiratory
alkalosis is frequent, ospecially in patisnts with anxiety or
oentral nervous system injury or dissase, the symptoms are
relatively minor and may be ameliorated by rebreatbing or (02
administration. The respiratory slkalosis of salicylate in-
taxication or liver diseass is also dus to centml nervous
simlation, but thess states are complicated by coincident
or potential metabolic acidosis and may fare poorly with CO2
therapy. Metabolic alkalosis is most ocsmonly seen &fier
protracted vomiting, nasogastric sauction and diuretic abuse,
It may also follow successful therapy of acute pulmonary in-
sufficiency with respiratory acidosis, i.s. patients who have
suffered prolongsd reml losses of chloride whoss alxalosis
will persist until ths chloride deficit is repleted. In most
instances, repletion of chloride ion as sodium chloride is
adequate therespy because renal excretion of sodium biocarbonate
contimumes until chlorids deficit is abrogatsd. Coincident
po*assium deficiency may intensify ths metabolic alkalosis
(vide infrs). When chloride must be given without sodium or
potassium, ammoniuwe chloride may be used, axcept in patients
with liver disease who a&re prone {0 hepstic coma., Hydrochloric
acid may be administered as a ons percent solution, or the

hydrochlorids of arginine or lysine may be given,

Parenterai Potasaium Therapy

Potassium deficisncy is most often due to exaggerated
renal loss, e.gz. with chronic thiaxzide adminiatrstion or
sscondary hyperaldcsteronism. Substantial losz by ths way
of the intsstinal tract is less froquent, e.g. laxative
ingestion for many months. Because polassium is sffectively
conserved by the normal kidney, albsit somswhst less efficiently

Preseat Concepts, VollV No 9, September 1971
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Principles of Parente ral Hherapy - Rubmi end Chofngeki

than is sodium, clinical dsficiency caused by extrmresnal loss
requires weeks to develop., Equilibzium {e achieved with
potassium intcikss as lov as 20-15 mBq/day. Most naturel foods
oorisin potassgium, heuoe it s virtuslly impossible to becces
deiicient because of an inadequate intaks of potassime while
consuming an ordinmary diet of sdequste ocaloriss and protein.

Eypokalaxia is often, but not invariably, found in
potassium deficiency states, Sodium balance intimately affects
serua poteasium and with msvere salt dspletion, sarum potasaiux
m8y be increased while body potassium is reduced. 4lthough an
oversimplifiad tautoiogy, the physician ahould recell when
potasgium leaves the cell, sodium and hydrogen replsces it,
and vhen potassium losses are repaired and potassium enters
cells, this ion flux is reverssd providing for 3K = 2Ms+ 1H+,
The association of acidosis and release of celiular potassiun
into the blood, and of hypckalemis with alkalousis is then
understcod. Similarly, ths renal tubular ezchange of potassiue
or hydrogen ion for sodium characterises urine pH — when the
renal tubular cell is actively conserving potassium, urine is
acid; when the remal tubulsr cell is wasting potsssium, it
excroeter lsss acid and urine is alkaline. Thus the parsdoxiocal
aciduria of metabolic alkalosis associated with potassium
deficiency czcurs only with extrarepal causes of the potassium
deficii., Since diwminishsd =bility 40 ocnoenirate the urine
occurs sarly with potsssium deficiency, the fiading of an
elsvated urine osmeclality in a patilent suspscted ¢r potassimm
depletion should suggest au altermative diagnosis. Urine
potassium concentration beiow 10 mBg/L supports an impreasion
of potassium deficit, and monitoring of urins concentration
after pareniars] thempy ia iunstituted may be useful. Potas-
siux dsficient patisnts wiil not excreie infused potasaium
beyond minimel levels provided soiium reabsorption is not
excessive.

The uptake of gluccse and production of glycogesn by ihe
liver sy further reduce serum potassiue and glucose infusions
may precinitate hypokalemic parsiysis in subjecis already
potassium depleted. For this resson, glucose infusions shonld
be withheld until poctassium deficit is substentially replsied
and parenteral potessium should be added tc saline rather than
giucose if ssvere hypokalemiaz fs svident.

“han potassium dapletion, with or without hypokalexis,
is amsociated with arraytimiss, mscls paralyvsis or ileus,
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Principles of Parenteral Therapy - Rubini snd Choprack:

partial rapid repletion of the potassium deficit is deairable,
As the amount of potassium which has actually bsen lost is
clirically difficult to estimate short of whole bedy counting
or by isotops dilution, therapy for the patient with normsl
renal function is primarily directed to give a modsat excess
of potassium and to deperd on ronal sxcretion to adjust for
overtreetment. In thes presence of oliguria or renal fajlure,
parenteral or even oral replscement thorapy must be approached
with caution. The potential irreversitility of the renmal
lesion of potesssium deficiency suggests that even modest de-
plstion is undesireble., When clinical circumstance indicates
the likslihood of continusd potaesium loss, especialiy with
syxptoms possibly caussd by potassium defi:iency, the pre-
ventive treatment of potassiun depletion is justifisd. If
potassium cannot be given orally, perentersl administration
is advisadle.

The practical approach to parenteral tbsrapy requires a
ready willingress to include potassium in parentersl regimens
with specisl attention to correction of coincident deficienzies
of acdium and chloride. Once urine flow is assured, and in
the abssnce of acceleratsd tissue catabolism, potassiwa can
be given in solutions of 20-40 mEq/L at a rate not exoceeding
20 =mEq/hour.

Kunin et al /3/ and Clementsen /4/ indicate that potasaium
may be infused at 40-60 mRBq/hr provided that glucose is gf /n
simuitanscusly. The presence of sewere potassium deplation
may limit the rate at which potassium salis may be infused
safely. Animals dsficient in potasszium aje readily made hyper-
mlemic at rates of intaks of potassium tolerated with impunity
by animals previously fed a potassium excess., TARIE IV,
Becanse hyperkalemia may rapidly develop, alectrocardiographic
monitoring is advisable with parentsrel potaasiwe iufusions.

The most common clinical cause of hypokalemis is upper
intestinal aspimtior, The spliniing of the uppar gastro-
intestinal tract by contirmous gastric suction is a cummon
procedures of surgicel msnageepsnt, That hypochloremic alkeslosis
and hypokalemia may occur is broadly accapted on most surgiocel
services, The mechaniss of such aikslosis, often incorrectly
ascribed to the removal of potassimm in the gastric aspimte,
is a result of the progressive deplstion of chloride, as chlio-
ride conocentration in gestric aspirate is gensrally in exocass
of sodiur. Becuase of mild dehydmation, hypovolexia and
surgical stress, thers is a coincident stimmlus for sodiumm
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TABLI IV

DIETARY FFFECT ON POTASSIUM TOLERANCE
Mortahity Figures on Four Groups of Eight Rats®

PARENTERAL STRESS

ORAL STRESS
(100 gm/4hr)

% 10% Intake 0.1 mEq 0.5 mEq 0.1 mEgq

»
a
[

“

N Intake

ditis

to
o

Low

‘
<
tJ
x
x

ow

(B4
oo

6 Normal I

o

Normal 0 0

hgh 0 0 ! 5 High ! 1 4

A N s i

*Rats pre-ied potasaum are resislant 1o potassium stress; rats depleted of potawaum are sensitized.
Oral stress was induced by the addition to dnnking water of increasingly concentrated solutions of
K(1 for four days. With 2-10 pereent <olutions, gavage feeding was employed because some rats
refused to drink; the volume admimstercd was the average imbibed by the one-percent group.
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Parenteral stress was given :ntraperitoncatly in 2 cc volume; sodium chioride was added to the
more dilute <olutions of potasuum to make 2ll solutions cquimolar. Nephrectomy increased overail
mostahtv but failed to alter the relative protection of antecedent prefeeding or the sensitivity of ante-
ccdent depiction, indicating that the effect s most likely operative at a cellular level. Mechanism of
death i< unknown but probably due to acute cardiac arrhythmia
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retention, Hypokalemia also reflects the renal adjustment
as more potassium is excreted in exchange for sodium in the
presence of alkalosis. The degree of hyriialemia is usually
moderate and its importance is more to stimulate recognition
by the physician of the abnormal physiologic state than to
constitute a serious stress to postoperative recovery. If
fiuid and caloric requirements are mst, potassium need not

be added for se7ersl days.

e Potassiim concentration in gastric fluid is generalily

below 20 mBq/L and falls with contiruous gastric aspiration.
e Removal of several liters by gastric suction withdraws from
o the body less thar, 100 mEq of potassimm, and deficits of this
j pagnitude are tolerated with ipunity by the individual mot
previously depleted. However, the superimposition of gluoco-
corticoid stress under these circumstances way provoks a drop
in serum potassium and the development of mild metabolic
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alknlosis with minimal change in overall body bslance.
B Similarly, the slevated serum potassium in nsphrectomized
adrenalsctomized dogs allowed to develop an Addisonian crisis
: is substantially corrected by glucocorticoid adminisiration
indicating that the gradient of potasslum across the cell
membran: is critical to its plasma concentration, independent
of whole body content of potassium., With protrected gastric
aspiration, parenteral administration of poteasium is advis~
able, especially in patients who have been chronicaily ill
and are likely depleted of potassium bafore surgery. The
problem may become further compounded by the need toc admin-
ister glucose feedings wvhich promote glycogen production, as
seruva potassium may decrease further and caxdiac arrhythmias
may result, especi~lly if the patient is digitalized.

L ST T s

TL8

LN g

PTY

SRy

R

The repletion of potassium losses under these circum-
stances 1s dependent not only on the administration of ad-
E equate amounts of pctassium, but also on the concomitant
administration of chloride ion. The use of such potassium
& supplsments as gluconate, citrate or phosphate may fail to }
= correct alkalosis and hypokalemia unless adequate amounts of ‘
sodium chloride are also given. As the primary mechanism of
3 alkalosis is chlorids deficiency, the uss of ammonium chloride
or lysipe monohydrochloride might be considered and, in most
instances, the serm potassium will rise.

7 The amount of potassium that can be convenieutly and
safely given perenterally is limited and full repletion of

Z body stores must usually await reinstitution of oral feedings.
: Ideally, the potaseium requirement should always be given by
routh and preferably with normal foods. The fnstitution of

3 a reasonably normal diet with offer at least 60-80 mEq/day.

B When larger amounts are required, potassiun supplements are

3 useful, but enteric coated tablets containing potassium chlc-
ride should be avoided, as amall bovel ulcerstior and stenosis

have been reported.

The ratio of nitrogen to potassium in protoplasa is con-
, sistent from calculations based on losses during starvation,
E: retention during replstion of protein deficiency and from
s direct carcass and muscle analysis. However, nitrogen can
be retainsd {protoplasm formed?) in absence of potassiua.
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Gm
-20
K DEPLETION .
-5 < X REPLETION
-10 TESTOSTERONE

Fie 2 Graphic slluntration of testosteronc-induced positive nitrogen balanee occurning in the presence
of potasstum deplction.

ACUTE VOLUME DEFICITS

The fundamental defect in shock is a reduced perfusion of
tissuss to a degree insufficient to sustain metabolic function.
This may be due tc & decline in blood pressure or increass in
ths peripheral resistance to blood flow as well as teo {nadsquacy
in blood volume. The stupor, coldness and pallor of the skin,
weakness of the peripheral pulse, and oliguria represent the
effacts of decreased blood flow to specific organs. In addition
to the initial ischemic derangements of primary function, &
series of secondary delesterious metatolic effects involving the
liver, brain, kidneys and endocrine glands exzggerate and per-
petuate the shock state. Accompanying thess secondary charges
is scidoais, reflscting the altered oxidative metabolism of
tissus. From the poini of view of parenteral therapy, the
critical repletion is that of volume, as the fundamentsl treat-
ment is improvement of oxygenation of tissues, rather than the
tenporary correction of pH.
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Principles of Parenteral Therapy - Rubini and Chomuachi

The central blood volume is about 50 percent of whole
body blood volume and it is equally divided between the
thoracic contents and the splanchnic bed. Approximetely 75
percent of the blood is pormslly contained in the venous
system and an additional 12 percent is in the capillary beds.
Because veins and capillaries constitute a low pressure
system, small changes in pressure may cause striking changes
in volume, The converse holds trus in the arterial bed where
volume slasticity is minor and large changes in pressure may
occur independently of arterial volume.

In defense of the plasms volume, exiravascular albumin
is released from the liver and lymphatics in an attempt to
maintain oncotic pressure and thus draw fluid from the extra-
callular space into ths plasma. As the extracellular space
is some five times the plamma volume, it may be considered
an unlinited volume reservoir provided sufficient protein is
available to maintain the necessary oncotic gredient. The
plasma protein reserve is modest and probably no more than
25 percent of total bedy albumin exiats ext—vascularly. The
respcnse to acute hypovolemia is therefore limited, and after
ths plasma proteir reserve 1s mobilized, further correction
of hypovolemia depends upon transfusior of albumin or plasma
or the introduction of an oncotic equivalent.

A mumber of plasma expanders have been utilized. Thess
include materials prepared from naturel blologic products and
artifically synthesized macromolecules. In gensral, nons
have proven ideal, and such complications as reteniion in the
reticuloendothelial system, allergic reactions, antigenicity,
disturbed clotting, capillary fragility, thrombosis, aggrega-
tion and clumping ol srythrocytes, and impaired flow throush
amall vesssls resuiting from incrsased viscocity have been
noted. Artificial expanders such as polyvinyl-pyrrolidons,
gelatin, and hydroxysthyl starch have bsen graduslly sup-
planted by a dextran. Biologic products such as lyophilized
pissma uand modified human globin have proven less satisfactory
than concentrated human albumin,

In burn cases, decreased plasme volume occurs secondary
to trapping of plasma outside the normal vascular volume, as
well as those losses due to weeping and evaporation, 4
similar transcapillary exudation occurs witn certain bacier-
emias. With irtestinal obstruction, largs quantities of
plamma and its vltrafiltrate may be rapidiy compartmentalized
as an unphysiologic "third space®™ in the bowsl iumen. With
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Pruncaples of Parcnseral Therapy - Rubine and (laopnache

barbituate poisoning or endotoxemic infections, rassive
splanchnic dilitation may trap a substantial portion of the
blood volume., In these instances, the paxsnteral therapy
required is substantial and often of massive proporticn, Even
in thess compliceted examples of hypovolamia, recognition of
the exact cavse of shock is often less immediztely vital than
its alleviation, but ultimately is criticzl to successful
managenent.

As plemma volume reflects the extrecellular volume of
vhich it is an intimate part, decrease in extracellular volume
for any cause incrsases sensitivity to shock; and salina
preloading is protective. Figure 3.

NORMAL DEHYDRATED TEEZATED

) -
£CF
ECF
IcF*
BODY WATER 55% a0% 50%
1:3 112 HA

INSIDE

EXTRACELLULAR FLUID
) INTPACELLLLAR FLLID

Lip 3 Relative dismoution end coraparimentalization of body water in ~armalcy and in dchedration
with and wathout partial saline replacement.

PARFNTIRAL THERAPY IN RFLATIONSHIP TO SURGERY

The management of a patient through surgery is a tast of

the physician's understanding of fluid and electrolyte probiems.

Coincident with the direct trauma to tissus may be problems of
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Principles of Parcnteral Therapy - Runint ai d Chropnae ke

anesthesia, immobilization, starvation, protein depletion,
dehydration, sweating, renal and cardiac insufficiency.
Relative hormonal deficienci:s or imbalences involving the
pituitary, thyroid, ard adrenal glands may develop. Inad-
equate replacement of acute doficits because of vomiting,
diarrhea, upper or lower intastinal aspiration, and others,
may complicate the issmue.

The irmmobilized postoperative patient depends upon
medical action to maintain body homeostasis. Superimposed

3 is a hazily demarcated syndrome generally termes "the injury
: reaction”, Despits extensive study two decades ago, surpris- :
K ingly 1litile is known about the mechaniam of this catabolic
stress., It is composed of a ssries of physiologic responses
4 that append surgery and influence fluid and electrolyte man-

3 agement. These responses include an increased urinary

= excretion of nitrogen, the loss of body weight consistent

= vith the mobilisation of fat stores, an increase in body

B ‘emperature, pulse rate, and oxygen consumption despite a

B 1eduction of respiratory quotient, and diminuiion in urine

: volums with increased urine concentration. Sodium retention,
- potassium loss into the urine, hyperglycemia, and increased
E urea production due to enhanced catabolism of protein char-

ko acterize these states. Cellular loss of potassium with hyper- ;
kalemia and fat mobilization with hypertriglyceridemia msay
: also occur. With diminution of urine output, there is an
4 inability to excrete salt-containing parenteral fluids despite

an increased solute load of urea due to prerenal azotemia.

An increased secretion of adrenal corticosteroids counld
explain many of thess findings, but the injury reaction may
e occur in the adrenalectomized pstient receiving constant doses
of gluco- and mineralocorticoids and is minimized in the very
sick and in the very old. This surgical response is maximal
in the robust young, healthy patient umieroing elective surgery.
The fact that these physiologic changes are the normal and .
usual accompaniment of uneventful surgery should be recognized :
by the physician. Atiempts at their modification by large ;
doses of androgens, bigh protein feedings, and other measures,
have been largely temporary ir effect. A recent trend has
been preoperative anticipatory treatment with loading of water,
potassium and protein for repletion of unrecognized deficits. /5/

The duration, as well as the magnitude of the regponse
to surgery depends to a large degree upon the overall health
of the patient and the extent and type of surgical procedure
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performed. Especially prominent responsss occur with invasion
of the pleural or peritoneal cavities or with trauma to the
skeleton, When surgicsl complications are superimposed, the
pattern of metabolic response to surgery is further altered,
and recovery is defarred as starvation and immobilization exs

prolonged.

Postoperative parenteral therapy depends oa the degree of
derangement ard the time aniticipzted before oral feedings can
bs resumed. If recovery is rapid, and postoperative course
uneventiul, the potentiality of elesctrolyte depletion may be
neglected and a wete: intake of approximately 1000 cc in excess
of urine volume given deily. Preferably, this should be as a
10 or 15 percent glucose solution to minimize protein catabolism.
If oral intake must be postpomad until the fourth day or longer,
modest amounts of sodium may be added to match urinary excretion,
remepbering that salt retention is the usual acute response to
surgery and a natruresis may be prominent during the Ilater

recovery phase,

As potassium deficits over 100 mEq mey spproach pathologic

e significance, potassium balance should also be considered.

& Homeostatic requirements of potassium during prolonged parenteral

: therapy are readily met by the inclusion of potassium parenteral

e regimen in corncentrations of 5-10 mEq/L plus additional potassium

to make up known external losses., The amount required must be

assessed individually with a concerted effort to give potassium
slowly and to implemsnt oral intake as soon as poscible.

E There may be some advantage of giving phosphate in chronic
parentersl therapy because phosphate is the main intracellular
anion, and presumably bebaves in parallel with tissue potassium
movements. There is also soms evidencs for a phosphate deple-
tion syndrome in man characterized by anorexia, weakness,
skeletal pain and malaise which can develop with protracted
low phosphate intakes, especially if phosphate-binding gels

are ingested. /6/

Whether magnesium should also be administered is uncertain,
although prolonged parentsral therapy of magnesium-free fluids
wiil undoubtedly result in mild mangesium depletion. However,
there is inadequate clinical correlation of symptomatology
with serum levels and quantification of body magnesium stores.
The adult humar body contains about 25 grams of magnesium
equally divided between bone and soft tissue. The metabolism

3
:
3
=
3
:
3
3
2
§
%
§
3
3

2 PO I
‘h‘/r!,.v‘g. .

gy

m:mmu&mwmmmm\mmmﬂMmu&%ﬁ&MMzﬂmmmﬁ:

o e g N i '
A e A R A

e

Present Concepts 1ol 0t No v Sepicmber 1971

L By

SR A 3
Rt v Rt T LI WY AN

R A A R o S S 0 s S A e
L] . Bt At AN R e .

E,

S BISEE e it S didey noa
%’»
‘mu.u.n-.mummwmmmmmmwzmmwAmumwmymw




P T i T T TR L R i B G SR ey e A T e S IR et s e - e T

Priziciptes of Parenteral Therapy - Rubini und Chopnacke

and excretion of magnesium varies vith a wide variety of
pathologic and physiologic alterations and is only partially
related to intake., Avsrage excretion in the urine is
100-200 mg/day on an intake of appreximately twice this
amount. A minimum requirement for magnesium in man has not
been defin:d, and production of experimental magnesium de-~
ficiency by withdrswing magnesium from the diet has been
reported only after many weeks of abstinence. Frank defic-
iency, howsver, is clearly recognized in animals, especially
calves and lanbs. The clinical syndrome in man is similar
to hypocalcemic tetany but is associated with hy cmagnesemia
vhich is alleviated by giving magnesium, bul not by giving
zalciun alons, Muscle tremors, twitching, bisarre movements,
delirium, and convulsions may also occur. Reduced levels of
mgnssium in the serum ocour in a rmmber of conditions with-
out cvert symptomatology, and subclinical deficiency is dif-
ficmlt to define. While the presence or absence of hypomag-
nosemia is not a critical diagnostic oriteria, serum levsls
balow 1.50 ®Rg/L should alert the physician to the possible
presence of magnesium deficiency. Gastric juice contains
approximately 1.0 mEq/L and magnesium deficiency may occur
in patients with prolonged. mastric suction or with bypass of
the amall bowel absorbtive surface. With prolonged dependence
on parenteral fluid therapy, the inclusion of 3 mEq/day of
magnesium should be sufficient to maintain magnesium balancs,
but larger amounts may be needed to replete antecedent defic-
iency. If hypomagnesemia is documented in association with

2 sympicms possibly due to magnesium deficiency, ,additional

33 magnesium may be added to the infusion regimen. Magnesiumm

' must be given alowly to avoid the vascular dilitation and

hypotension associated with hypermegnesemic states.

The need for an inteliigent parenteral regimen is
intensilied if thare are exterior losses of body secretions.
These night include profuse sweating, or external drainage
of saliwa, bile, pancreatic fluid, high ¢r low intestinal
secretions. The intastinal tract losses are essentially
ismolal to plasma, and their replacement is substantially
isotonic sodium chioride. Considsrations of metabolic alka-
losis or acidosis due ic intestinal losses has been discussed
previously.

A simple schema of replacement of intestinal secretions
is shown in TABIZ III., %he acid-base index iz an arbitrary
measure of acidity or allalinity relative {o plasaz hased or
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Principles of Parenteral Therapy - Rubmi and Chojnackt

the chloride content. Note that normal saline falls within
the range of the acid-base index of gastric aspirate and,
hence, virtually all oases undergoing gastric suction ocan be
repleted with saline. Pancreatic secretion is highly allkaline,
egpecially in the case of pancreatic fistulae, while aspirates
of the upper bowel are less alkaline dus to acid stomach fluid
admixture, Despite exiensive promotional literature exvolling
the advantage of solutions vhose composition aims to mimic
specific intestinal losses, moat patients with porsal kidney
function are able to adjust urinary excretion to coepensate
for moderate alkalosis or acidosis if only saline 1is given

for replacement. However, in the case vhere several liters

of fluid are being drained or azpirated, iv hehooves the
physician to institute careful collections of all exterioriszed
secretions, to measure their volume, and to analysze them at
least for sodium chloiide and potassium. In practios his

genaral principle to follow iz —— implemsnt judicious re- 3
= placement of known losses and then give somevhat more than

is lost s0 as to rerlete previously unrecogniszed deficita.
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Dignous, Mamagemen: . Complications and Prognosisin « War Zone Sctting
LCDR John B. Conger, MC, USN+t

Acute tubular necrosis and other nephropathies have
contributed to mortality ard morbidity in war-related injuries
and diseasss since accnrate medical recording began., During
World War II, 40 percent of severely woundsd casualties had
some degree of acite tubuler ischemia at postmortem examina-

tion. /1/ In tke fisst year of the Korean War, morphologically

detoctable tubular necrosis was seen in 18 percent of the
autopsies carried out after battlefield deaths.* Mortality
rates among patients with acute renal failure accompanying
war-related injury and disease, determined primarily by the
severity of the underlying condition und associated compli~
cations, have varied from 10 to 90 percent. /1-4/

The management of acule renal failure is challenging
and involves meticulous attentior to the details of fluid
and electrolyte therapy. Dovelopment of effective methods
of dialysis has provided an additional modality ir the treat-
ment of acute renal failure, Its adjunctive value is being
evaluated in the combat setting of Vietnanm.

The purposs of this report is tn present the author's
experiences in the treatment of acute renmal failure as it
occurred in the battle zons environment, of the I Corps region
of Vietnam while he was aboard the US Navy Hospital Ships
SANTUARY and REPUSE from Janmuary through October 1970. The
diagrostic criteria, etiologic factors, modalities of manage-
ment, clinical complications and resvlts of the management
are pressnted and discussed., Guidelines for improved methods

of treatment are suggested tased upon the resulits of the study.

*In part. as article appeared in US Aar 3 Med 57:1971
+Ncphrologist, Naval Hospital Qakland, Oakland, Californw 94627

#Shrainer GI Persaal eapenience, Korean War, 1951
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Yeute Renal Fadure i War Jone - Conger

Metlads of Paticnt | valuation

In January 1970 a program for the treatment of patieits
with acute renal failure was instituted aboard the 0SS Repose.
Wher that ship left Vietnam waters in March, a similar facility
was established on the USS Sanctuary, The dialysis unit con-
tained two beds, bed scales, a Travencl® 100-Liter Twin Coil
artificial kidney and material for peritoncal dialysis, The
technical staff included two nurses and four corpsren trained
in the operstion of both hemo- and peritorsal dialysis.

Patients were evaluated on admission by +the author.
Surgical consultations wers obtained as indicated. Beseline
woights were determined, followed by daily, pre- and post
dialysis weights. The following 1laboratory studies were
obtained on a daily besis: complete blood count, blcod urea
nitrogen (BUN), serum electrolytes, calcium and phoaphorus;
coagulation studies — prothrombin time, partizl thrombo-
plastin time, fibrinogen and platelet count; blood gas
studies ——arterial pH, p02 and pCO2. Routine urinalysis wes
performed on available admission urine as well as electrelyte
concentrations and evaluation of the sediment for formed ele-
ments, Urinary myoglobin and hemoglobin levels were also
determined. Cultures were taken of all wounds, drain sites,
sputum, blood and urine on admission, every threse days there-
after, and at other times as clinically indicated. Blood
cultures were also obtained after each dialysis. Retrograde
pyelography was performed when historioal factors or physical
findings suggested possible obstructive uropathy.

Nature of Renal Futture

Twenty~four patients were referred for care during the
nine month period described. TABIE I categorizes the 24
patients by sex and national origin., The msan age was 25
years. All but five of the patients wore active duty American
military personnel. The referring facilitiee ineluded the
major military and civilian hospitals in the I Corps area of
Vietnam, TABILE IT, The mean time from injury or omsst of
illness to transfer to the dialysis unit was 4.5 days, ranging
from 2 to 9 days. In 19 of the patients renal failure followed
treums; nontraumatic conditions were etiologloally related in

Present Copcepts, Vol §V Ne 9, September 1971

:‘,-mm%mmnumwlmmummsmma:mamd‘m.mnmwﬂm;mamwumm.m;mwﬂ:mmmml.%‘ £

"

A7 ¥ e R S0 A RSO Dt 0 I A Bcady

L I TV UNPPE! TP NPT PN AL P L HADLILO A S 2 s S04 L AIN S,



e == 24 s Al T T Saad S Mt I e Al
St S ool PR R s vi e dp it SRRSO e S
A - - - o
3
2
:

H

Acute Renal atlure in War Zone  Conger

TABLI-
PATIENT DISTRIBUTION
TOTAL 24
SEX Male 23
Female 1
MEAN AGE 25
AGE (247 years)
ORIGIN MILITARY 22
American I8
Vietnamese 3
Korean 1
CIVILIAN 2
TABLE NI
REFERRAL DATA
FACILITY PATIENTS '
SANCTUARY 6
85th Evac 4
NSA 3
1st Mcd. 6
REPOSE 2
Hue Prov. 2
95th Evac 1

five cases. VWith the exception of two cases with extenaive
burns, the traumatic injuries were ines result of s wids
penetreting-combat-xissile spectrun. TABLE III. In the
nontrauma group, ons instance of each of the fcllowing con-
ditions wvas encountered: falciparum melaria, reticulum
csll sarcoma with hyperuricemia, methanol ingestion, acute
glomsrulonsphritis and prolonged diarrhex with dehydration

e fe e o N s W S
TR B

and shock,
j 5
= TABIE IV records the total muber of ezposures to
2 potential eviologic antecedents of acute rsnal failure that
: Present Concepes, Vol iV No 9, September 1971
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were experienced. Aithough nearly ell patients had received
blocd, no transfusion reactions were documented. Hypotension
of variable severity either at the time of injury or.during
subseguent surgery, diffuse sepsis, and brief courses of
therapy with nephroctoxic antibictics were common., No cases
of obstructive uropathy were discovered.

TABLEIR

FREQUENCY OF ORGAN TRAUMA

Extremines 16

Soft e, tractures 9

Multiple smputations 5

Sinple amputations 2
Bower 12
fung 5
Liver 4
Spleen !
Vaseular 5
Kidney 3
CNS 4
Burn« 2

(ABLE IV

RENAL FAILURE ANTECEDENTS

Transfusions 17
Hy potension 13
Sepsts iR
Antrthroties 0

hanaimy ain, streptomycin,
sentarn un, (o -Myan

Congestive beart failure !
Hy perurniceni i

Wenty-one of the referrals suffered an oliguric forw of
kidney failure., There were three patiente — all with bilateral
amputations of the lower extremities -—— who presented with
rising BUN and serum potassium levels despite urine volumer
over one liter per dey. For those with oliguria, the mean time
cf onset was three days post injury or illress, with a range
of 0-5 dz -s. The average duration of cliguria was 8.5 days
with a range of 2 to 15 deys. Diuresis failed to occur in any
of the patients whc expired. TABIE V.
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Acute Reval Fatlere m War Zone Conger
1Ay vV
OF 1,0 REA

Oliganic 21 patients
Non-oliguie 3 patients
Mcan ansct post injury 3 days (5-0 days)
Curaticn (survivors) 8.5 days {15-2 days)
Diuresis (expired) 0 patients
Survival time of those

expired 11 days (31-1 days)

Mean admission laboratorvy valuss &nd reanges are shown in
TABLE VI. The low hematocrits occurring in the mejority of
the patierts were the result ¢f blood loss due to trauma and
a variety of coagulopathies., Elevated hematocrits were present
only in ths two burn patients. Elevated white blood counts
reflescted the septiec or stress-hypoxic states in which most
referrals arrived. The BUN's were not excassively elevated
because of the relatively short periods of shutdown prior to
txansfer., Hyponatremia was comzion in both the trauma and
nontrauma groups except for those with burna who were hyper-
natremic, Due to frequent nasogasiric suction and intestinal
diversion procedurs=, hypechloremiz-hypokalemic alkalosis was
nearly as common initially =25 hyperkalemis with acidosis.
Jevere acidosis was sbserved in patients with combined mzssive
trauma and significant hypoxemia from pulmonary complications.
As can be sean in TABIE VI, bleeding and clotting abnormalsities
vere frequent., Tha two major types of disturbanoce were s dif-
fuse intravascular coagulation most often associsted witk
sopticamin, and ths factor-deficiency synirome assccinted
with multiple transfusions of stored blood. The singls patient
with falsiparm melaris developed an isolated thrombocytopenia
related to the diseamse and quinine therspy. Blood gas deter-
minations reflect the kigh incidence of pulmonary problems.
The ususl phyesiologic defect was a ventilation-perfusion im-
belanos with hypoxia and hypoosrtia, The underlying pathology
in nesariy every case was either severe lung contusion, necro-
tizing pneumonitis, or the so-called *wet lung syndrome®. /5/
Urinary electirolytes and sediment analysis were wvaluable in
assessing tho cause of renmal dysfunction and in seperating
thogse with pre-renal azotemia {rom those with intra-remal
pathology. Seventeen of the 20 patients with oliguria had
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Vorte I nal Peadlure in War Zone Conger :
TABE] VI J
ADMISSION | ABORATORY VAL UES i
i
LAY M1 AN RANGI ‘:
Hemuteent :
(%} 31 50-19 ;
White blood cells
(cu mm) 14 000 2.300-24,200 i
Blood urea nitrogen ;
(mg/100ml) 73 150-30 H
Sodium %
(mEq/L) 130 151-110 3
F
Potassium :
(mEq/L) 438 7432 :
Chioride i
{.akq/L) 89 105-68 3
HCG, :
{mEq/L) 19 36-6 d
¥ Platelet count é
= (cu mm) 120.000 32,000-278,000 <
- i
3 Prothrombin ime i
23 (sec) 17 24-13 3
_'"-'; Partial thromboglastin time ;j
& {scc) 43 55-35 §
E Fibrinogen 3
> (mg/100m!) 150 300-50 3
3 oH 7.30 7.50-6.91
2 ;
{mmHg) 83 11740 :
PCO: 3
(mmHg) 32 43-24 3
URINE ;
Sodium 3
(m¥q/L) 38 70-12 H
0 20 mhg/L 17 patients)
{£ 20 miq/L S patients) _
{Pigmented granular costs: 20 patienis) 3
¢
:%
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= urinary sodium concentrations greaier than 20 mEq/L. Detection
g of typical pigmented casts of acute tubular necrosis on micro-
5 scopic examination of sediment proved to be the best indicator
3 . of frank renal shutdown. These casts were found on urine

= examination in 20 of the 23 patlents. Camolality studies were
3 of less help because a number of patients had received oamotic

diuretics prior to admission.

MANAGEMENT

Attempts to induce & diuresis were made in nearly every
patient, either at the referring facility or shortly after
admission to the dialysis unit. TABIE VII. On one occasion
diuresis occurred following the use of saline and albumin irn
a paraplegic patient with unrecognized peritonitis and a per-
forated gastric ulcer. Using ethacrynic acid, a temporary
increase in urine output occurred in two others, but was not
sustainad despite continued use of the drug. Response to
diuretics did not appear to be dose related. Where transient
dinresis followed ethacrynic acid therapy, only 25 mg of the
drugz was given, intraverously. JSubsequent trials with higher
dosss in these patients, and up to 150 mg of ethacrynic acid

r i g WYY

AL G AT NETEAA Y,

'

e

3 and 160 mg of furossmide in others, were not successful.

4 TABLF VIi

' ATTEMPTS AT DIURESIS INDUCTION

= NO. TIMI'S TEMPORARILY

4 AGI NI USED SUCCESSFUL  SUCCESSI UL UNSUCCESSFUL

’ Plasmia expander 8 1 .. 7

E I-thacryric aad 9 2 7
Mannitol 7
Furosemide 4 4

The severity of the complications of renal failure
presented by the patient, determinad the initial modalities
of therapy. Those presenting with puimonary edema, hyper-
kalemia or serious neurologic rsanifestations of uremia

Present Cancepis. Vol IV No Y, September 1971
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underwent henmodialysis following immediate placement of
Juinton-Scribner shunts ir an available extremity. A program
of fluid, potassium and protein restriction, coupled with

high parenteral carbohydrate (occasionally sodium bicar-
bonate and insulin intake, was initiated in the less critical
cagses. HKayexalate was used to control serum potassium.,
Sh.anting and dialysis were undertaken in these petients when
(a) the serum potassium could no longer be maintained below
6.0 m2q/L, {b) the BUN reached a level of 110 to 120 mg/100 ml,
(¢) there was evidence of progressive wound sepsis and delayed
healing. or (4, the overall clinical cordition precluded the
continued use cf the initial conservative progrem. Periods of
hemodialysis varied from four to eight hours, were most often
carried out ew -y other day, but frequently dally and occa-
sionally every third day. Pegional heparinization, althougi:
used initially, was replaced by & system in which the lse
White clotting time was kept in the range of 12 to 15 mimutes
with smell, intermittent doses of heparin, and blood flow
rates were mainteined continuously et 250 to 300 cc/min.
Dialysis was carriea out with whole bicod, packed RBC or no
coil priming depending upon the volume and hematologic status
of the patient,

Peritoneal dialiysis was used ir thcse pstients without
marked catabolism who had intact peritonezl membranes. The
average duration of this method of treat =t was 48 to 72 hours.

In addition to menagemeni of the renal fajlure, intensive
therapy was underteken to alleviete underlying and associated
surgicel and medical problems, Primarily this involved acii-
biotics with debridemeni-drainage prccedurss for sepiic com-~
plications, hyperalimentation progrems to promote wound heal-
ing, ventilatcry theraps for progressive pulmonary insuf-
ficiency, and treatment of coagulopathies.

Increments of bloeod uree nitrogen were calculated daily
for 211 patients. TiBLS JIII., Although there was some over-
lap, it is evident that the catabolic gtstes of tissue Jamage
and pyrexis increesed the rate of rise of the BUN. In septi-
cemia patients with large areas orf sofi tissue injury, daily
incresses of 3N were consistently cver 45 mg/100 ml. Seven-
teen of the 23 patients regquired diaslysis. The remainder
either did not need dislysis or expired before the manifest
clinical indication for it. There vere 43 hemodialvsis runs

Prover t ¢ ;'.’r'\'l R \ \,"'t".i?(f.”' ‘
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Aeute Renal Fadure in War Zone - Conger
TABLE VI

DALY INCREIMENTS IN BLOOD URIFFA NITROGEN

fmp 1100 )
M AN RANCGIE
Traumu 28 (62-10)
Non-trauma 12 (31- 4
Febnle 25 (62-11)
Atchrile 16 {30- 4)

carried out on 12 patients with an average of four dialysis
runs per patient. Peritoneal dialysis was used six times on

five patients., TABLE IX,
TABLE IX

MODALITIES OF MANAGEMENT

NO. OF PATIENTS NO. OF DIALYSES
Dialysis 17 Hemodialysis 49
Hemodialysis 12 No. pe: pt. {average) 4
Peritonedl dialy sis 5 Peritoneal Dialysis o
Comservative (No dialysiv) 7

Pre- and ~st-dialysis laboratory values are shown in
TABLE X. In ge.~ral it can be seen that dialysis was effective
in improving metabolic parameters. BUN and electrolyte cor-
rections were intentionally made by small increments in order
to avoid neurologic, neuromuscular anl cardiac complications.
The mean decrement of BON was 52 mg/100 ml per dialysis.

There wes considerable variability, hewsver, as can be seen
from the table. Ultrafiltration was varied according to the
hydration status of the patients, which accounts for the wide
range of values, On one occasion urea was added to ths bath
to retard the rate of ures removal, resulting in a 15 mg/100 ml
ircrease. The situation occurred in a patient who develuped
seizures following an initial dialysis during which thie BUN
fell from 200 to 86 mg/100 ml. A second dialysis was required
within 24 hours because of recurrent hLyperkalemia. Urea was
added to the bath to prevent the likeiihood of further neuro-
logic manifestations of dysequilibriwm. /6/
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6 Acute Renal Failure i War Zone - Conger
{ AL X
| ABORATORY VALHES
5 He "Rl_ Il_l/\l Y§l\ POSH l)l_l.\-l \_’f»l\
4 Mcan Range Mcan Rangu
’ Blood ures nitrogen
(mg /100ml ) i19 208.6- 15.0 77 140.0- 150
Sodium
E: {mEq L) 133 141.0-1160 138 149.0-128.0
H Potassium
{mEq /L) 5.7 RS- 3.1 40 6.7- 27
b Chioride
= (kg ‘L) 88 106.0- 640 95 106.0- 75.6
£ HCO,
E {mkg /1) 22 360 60 19 24.0- 140
4 Calcium
p (g /100ml ) 6.2 100- 4.1 2.0 96- 70
9 Blood uics mtrogen

(g /100mi ) [dialysis -52.0 <114 to 415

Weight
(kg) {dhalysis 2.0 4.2 to +0.7

P YT T
ORANTL RIS hoAe

COMPLICATIONS OF DIALYSIS
There were five instances in which clinical complications
were related to dialysis., Two were neurologic with one patient
having recurrent seizures, the other progressive lethsrgy and
somnolencs. Both were transient and probabiy resulted from too
vigorous dialysis. Fever occurred twice, Onoe it was thought
to e a reaction to blood used in coil priming. Cn the other
occasion, a fever gpike with parssitemia developed in the
patient with falciparum malaria. This occurred after he had
become afebrile and had had negative melaria smears for three
days. It was conjectured that the parasitemia was related to
the rate of quinine removal with dialysis, Gastrointestinal
hemorrhage from unrecognized duodemal ulosrs begen at the
termination of a dialysis run in one patlient. His coagulation
parameters were normal at the time bieeding was first notsd,
but a Lee-vhite clotting time of 20 minutes had been obtained
earlier in the run, following a dose of heparin,

=
2
>

5
2 %
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Acute Renal Iailure in War Zone - Conger
g
U g ol 8 ':mph- abivanz ?;
§
The major clinfcal complicetions for all pationts from 3
the time of initial maragoment at the referring facility until i
disposition are shown in TABLE XI, The most frequent problems
3 were related to sepsis and occurred exclusively ‘n the trauma
\ group. Positive blood cultureg were obtained in 12 patlents
& with documented asepticemia, A single instance of Pseudomonas
& meningitis was associated with Pseudomonas septicemis.
TABLE X! E
CLINICAL COMPLICATIONS :
- Sepsis Sl Gastromntestinal hemorrhage S :
E- Wound infection 16 Encephalopathies 5 ;
] Septicemia 12 Wet Lung Syndrome 5 3
k- Pneumonia 7 Acidosis 3 3
= Peutonitis 6 Arrhythmias 1 3
3 Abscesses 6 Hemopneumothorax ] 3
e Urinary infections 3 Atelectasis 1
= Mcningitis 1

TABLES XII and XIII provide additional data on infectious
compiications. Cther relatively common problems were gastro-
intestinal and wound hemorrhage, sncephalopathies due to
metabolic abnormelities, and the "wet lung syndrome". Severe
metabolic acidosis with & large anion gap developed in three
patients. The onset was acute in each instance and at & time
when uremia and acid-base belanos appeared 1o be well controlled
with diaiysis. Twice an u=derlying factor of sudden extrems

DRI L XL AR Y03, WEVPTRY V79 N

PR ML AL U Dk

hypoxia was noted, but the onset appeared to be spontansous
5 in the third instance. Although pyruvate-lactate lievels were
< not measured, it was assumed that lactic acid was the major
contributor in the abeence cf other causes for the acidcasis.

The lack of renal tubular capacity to respond tc the acid load
2 added o the severity of the complication. Improvement was
achieved in ome instance with sodium bicarbonate and allevia-
& tion of the hypoxia. In the other two cases, only partial

3 and intermittent ccrrection was possitle despite similar treat-
ment plus dialysis. Digitalis toxdeily marifested by parox-
ysmal atrial tachycardia with variable atrio-ventricuiar block
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FABLT XI1

INFFCHOUS COMPLICATIONS
TIML: OF ONSET

snr NO. OF PATIENTS
Present on Admis<ion Unit Acquired

Wound infections ]
Pacumonia

Septicemiu

Peritonitis

Abscesses

Uninary infections

Meningtis

—_— 1) B W g W e
O = 19 = 9 W

occurred on one occasion associated with hypokalemia. A
large hemopneumothorax following thomcentesis and massive
postoperative atelectasis of one lung following laparotomy
occurred in one patient.

Infectious complications were analyzed to determine
whether these were present on admission or acquired there-~
after, in order to (a) evaluate the unit's contribution to
infectious complications and (b) to determine the association
between sepsis and the occurrence of renal failure. Infec-
tions were considered nosocomial with respect to the dialysis
unit if they were either not present on admission, or if
alteration in the dominant pathogen cultured from a septic
site on admission was demonstrated. The majority of wound
infections and most instances of pneumonia and peritonitis
were present at the time of admission. Although septicemisa,
focal abscess formation and urinary tract infections were
more often present when the patient was received ir transfer,
the difference was not significant. The single case of men-
ingitis had developed before the time of admission. Although
no causal relationship between sepsis and acute renal failure
can be derived from these data, there exists a strong associ-
ation between the two entities. TABLE XIII.

TABIE XIII gives a breakdown of bacteria cultured from
various sites on admission and thereafter. Organisms were
considered dialysis-unit acquired if a new dominant organism

Presen: Concepts, Vol IV No 9, September 197]
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Newte Renal Failure i War Zone - Conger

TABLE XIil

INFECTIOUS COMPLICATIONS

CULTURE DATA
Stanh o lwor&cmusms'
taph, aur, of, ot,
(coug. +)  (indole-)  (indole 4) E.coi Ps.A KE M-H Afsec. Cand
. Admission
Total | S 7 12 22 17 4 .
Wounds 1 4 6 8 14 11 2
Sputum e | | 3 4 3 2
Blood } 6 3
Urine 2
Sp. fuid 1
11, Unit Acquired
Total i 2 2 3 4 6 4 1 |
Wounds - ] | 1 2 I
Sputum 1 e 1 1 13 2 1
Blood | e 1 B
Urine | I 1

Sp. Ruid

* Larpend:
Staph, aur, = Stuphylococeus sureus
Prot, = Proteys
. coli = Escherichia coli
I, A = Pseudomonas acruginosy
K-l = Kletsiclla-Fnterobacter
M-1§ = ima-ticrclica
A. fuce. = Alcaligenes fuccalis
Cand = Candida

appeared, or if the site was originally sterile or showed
‘normal flora. Polymicrobial infection of all sites exoept

the blood and urine was the rule; however, on three ocoasions
even blood cultures were simultansously positive for two
organisms. The data show that all oultures —vhether n.sitive

Prosent Cancepts, Vol IV No 9, September 197]
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at adm.ssion or after hospitaiization in the unit — ;rew out
gram-negative organisms in all but four instances. Again,
regardless of origin, Pseudomonas aeruginosa, Klebsiella
Enterobacter and E. coli were the most common bacteria,
Froteus was tne next most frequeni isolate in both groups.
Alcaligenes faecalis and Mima-Herellea were never cultured
as the predomisant or sole organism and were of questionable
significance. JStaphylococcus aureus was the principal bac-
terium in one instance of pneumonia and was grown from a
biliary drain on another occasion. The sole case of Candida
gsepticemia occurred in a patient with a polyothylene central
venous pressure catheter — the tip of which was also found
positive for the organism on culture.

RIS' LTS

Of the 24 patients referrod to the dialysis unit, seven
survived, 15 expired while in the unit, and two others died
subsequently in PACCM facilities following their initial
dialysis therapy aboard the SANCTUARY., Of the seven survivors,
six regained normal renal function as determined by BUN, serum
creatinine, creatinine clearance, urine concentrating and
diluting ability, and urinalysis studies. The seventh patient
with acute glomerulonephritis attained partial return of renal
function with a creatinine clearance of 30 cc/min at the time
of discharge, cne month post dialysis.

Wnen the survival figures are analyzed on the basls of
modelity of therapy and type of antecedent illness, the results
shown in TABIES LIV and XV are obtained. Of seven patients
who did not receive dialysis therapy, four died. Three of the
expired patients did not require dialysis at the time of death
and one patient expired before its institution. Of the 17
dialyzed patients, four survived and 13 died — 11 while in
the dislysis unit and twe following transfer, Four of the
five pitients in the nontrauma group survived. In the trauma
group there wsre three survivors out of 19 patients.
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TABLI XIV

SURVIVAL - MODALITY OF THERAPY

NO. OF PATIENTS
Conservative therapy 7
Survived 3
Expired 4
Dialysis therapy 17
Survived 4
Expired I
Transferred, subsequently
expired 2

TABLE XV

SURVIVAL - ANTECEDENT ILLNESS

Trauma 19 Non-trauma 5
Survived 3 Survived 4
Expired 14 Expired 1
Transferred, subse-

quently expired 2

Present Concepts, ol [V No 9, September 1971
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The causes of death are listed in TABLE XVI. Jepsis
—-- subdivided into gram-nepative bacteremia with septic
shock, pneumonia and generalized peritonitis— was con-
sidered the direci cause of death in 11 patients. Infec-
tious processes were a major contributor to demise in an
additional four patients. The remaining desths were due
to wet lung syndrome, cerebral edema in a postcraniotomy
patient, gastrointestinal hemorrhage and acute hemorrhagic
pancreetitis,

TABLE XVI
CAUSES OF DEATH
Septic shock &
Preumona 2
“Wet g™ syndrome 3
Peritontis - GG infarction ]

Cercbral edema - medullary
compression 1

Gl hemorrhage i

Pancreatitis I

COMMINTS

Acute renal failure constitutes a couplex management
problem regardless of its etiology and clinical antecedents.
In the setting of massive trauma and sepsis, the therapeutic
problems are compounded by the necessity for simltanecus
treatment of related diseases in addition to the kidney shut-
dowr.. Nearly all of the patients treated in this series were
suffering from a multiplicity of traumatic 3njuries. Although
extremity wounds were the most frequent, they were often rel-
atively minor in nature. Thoraco-abdominal injuries, and
particularly bowel injuries, seemed to be the most devastating

Present Conceprs, Vol IV No 9. September 1971
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in terms of patient mortality; they were f{requently associated
with sepsis and poor wound healing, and necessitated prolonged
parenteral feeding.

The etiology of acute renal failure in the trauma group
appears to involve a combination of clinical factors, Two
thirds of the group had documented hypotension before the on-
set of reral failure, Nearly a2l) cases received blood trans-
fusions, but without known reactions. Sepsis was an early
complication in these patients; however, except in those with
septic shock, it was difficult to determine the exact onset
of sepsis and its temporal relationship to the kidney shut-
down. There were no instances of overt myoglobinuria or
hemoglobinuria; urinary tests for thess substances were
either negative or not sigrificant, Contrariwise, the causal
factors in the nontrauma group were more readily explicabie
and intimately related to the basic disease process as an
accepted complication.,

Oliguria was a manifestation of renal failure in nearly
all patients; but three had urine volumes exceeding a liter
rer day while there was progressive rise in the BUN and serum
pctassium, All cases of "high-output® renmal failure /7/
occurred in individuals with bilateral amputations of the
lower extremities in highly cetabolic states, The urine was
characterized by low overall solute excretion and a relatively
high rale of free water clearance. The urine volume could
be further increased with diuretic agents, but thsre was
little effect on solute excretion.

In general, the dete from the pressnt experience would
irdicate that attempts at diuresis with either plasmn expanders
or diuretics are of little value when there is good clinical
and laboratory evidence that oliguria 1s due to acute tubular

2 injury. Often the immediate criticai problem at ths ¢ -+ of
= admission was overhydration, resulting from uansuccessful fluid
e trials to "flush the kidney",

The treatment of acute rensl failure, as aa isolated
aspect of ithe total disease process, was successfui in that
ncne of the patients expired as a direct result of a renal
netabolic comp-ication. This is not to say, however, that
further improvement 3in dialysis techniques and metaboiic man-
agement could not provide further benefit in treating the
basic disease and 1ts complications. Though controlled studies

Present Conceprs, Vol 'V No Y, Sepieniber V7]
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Acwic Renal Fawnre in War Zone Conger

are lackin~, it would appeer that patients tend to feel better
and recovar more often with early and frequent dialyasis designed
to restore approxirate blochemical nommalcy. The survival data
fail to indicate that early dialysis significantly altered the
nltimate outcome, but the time from onset of renal failiure to
death was possibly somewhat longer in those expiring.

A disappointing observetion wae that vigorous ultrafiltra-
tion with several kilograms of fluid removal was not beneficial
in reversing the "wet lung" process once it was established.
Interstitial ard alveciar edere fluid seemed to remain fixed
regardless of weight loss or the addition of mannitor or aibu-
min to the patient's vascular volume.

Technical difficuliies encountered were mainly those of
hypotension both in the early and late pbhasss of dialysis, the
finding of adequste shunt sites in those with multiple extrem-
ity injuries, and occasional clotiing of the coil or venous
tubing when attempting to keep the degree of anticoagulation
at a rinimum, HNonme of these constituted an insurmountable
problem and both standard and innovetive measures could be
applied to alleviate them, Whether regional heparinization
should have been used more frequently in the trauma patients
is uncertain. Bleeding waz not an overall significant problem;
however, in one patient with multirle unsuspected duodenal
ulcers, who bled massively following dialysis, hemorrhage was
the direct cause of death,

The major clinical problem and primary prognostic indi-
cator was the presence of sepsis. It was extremely difficuli
to reverse the process, and once septicemia, severe pneumoni-
tls, peritonitis or progressive wowd infection developed, there
seemed to be little of therspeutic benefit available. No doubt
the frequency of virulent gram-negative organisms was a sig-
nificant fector. The disc sensitivity and tube-dilution studies
performed on initial cultures suggested that the Pseudcmonas,
Xiebsiella-Znterobacter, E. coli and Proteus becieria should
neve responded to the appropriats antibiotics including
kanaxycin, gentamycin, chloramphenicol. ampiciliin and ceph-
alothin even when appropriate adjustzents in dosage both
for dialysis and decreased renal funciion were made. /8,9,
An .dditional possibility may be that more vigorous and early
surgical debridement, drainage and amputation shouid be carried
out, in view of the overall disappointing results in cases
presenting irfectious complications.

FPresen: Concepic, Vi IV No v Sep ember 1971
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tverail survival of this group of patients was 9 percent
with all but one of the deaths occurring in the trauma group.
It is evident from this experience that the prognosis for
patients with acute renal failure depends upon the severity
of the underlying trauma or illness and its complications.
Thouagh the metabelic consequences of kidney shutdown could be
controlled, the mortality rate was not appreciably less than
that noted with pre-dialysis methods of management. Tmproved
survival rates will have to awalt improved management of the
bagic injuries and prevention of septic complications,
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RECENT ADVANCES IN THE IMMUNOLOGY OF CLOMERULONEPHRITIS

MA]J Stephen R. Steinmulier, MC

In 1827 with his description of a heterogenous group of
patients having "albuminous urire" and renal insufficiency,
Richard Bright established chronic renal disease as an entity
and provided an eponym for a large group of disorders affecting
the kidneys. By 1836, Bright had collected some 100 cases

e T oy TSP S T T T s st i e e e e e -
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which he presented in tabular form in the Guy's Hospital Reports
cf that year. The common denominator of these findings was
albuminuria assoclated with gross morphologic changes in the
kidneys &t postmortem., It is probable that the majority of
these patients were suffering from chronic glomerular diseases.

Iittle progress was made in the delineation and under-
standing of these diseases until the systematic work by Volhard
and fahr in 1914 in which inflammatory processes of the glo-
merulus were separated from conditions which were thought to
be either primarily vascular or degenerative in origin. Since
then classificstion and understanding of glomerulonephritis
has remaired primarily descriptive either from a clinical or
a pathological standpoint. A lack of information concerning
either etiology or pathogenetic mechanism has made other
approaches impossible. The outstanding contributions of
authers such as Addis, Ellis, Jennings and Earle, longecape,
and others were concerned with the clinical ard pathological
correlations of a group of diseases whose origias remained a
mystery. Ir. the 1950s and 1960s with the development of
corticosteroids and antimetabolites as potential therapy, the
lack of fundamental knowledge of these 1llnsgses became more
critical.

Appreciating the deficiencies of the clinical approach,
& number of workers began in the 1930s to develop experimental
models of human glomerulonephritis in laboratory animals.
Many of the inherent limitations of human study could thus be
bypassed, allowing great latitude in the manipulation of
experimental material. Thus, beginning in earnest in 1933
with the work of M, Masugl utilizing poorly understood immune

Mrovent  omccp i, Vol Il No o9 Septemiber 197]

o

e T T T e Ao S S W .
. - = RIS TN S = g TN

TSy




lamncdopv of Glowcrdonephiets Stenimdler

mechanisms to produce clinical and pathological disease states
indistinguishable from human glomerulonephritis, a new concept
of' the pathophysioclogy of glomerular injury has evolved. Al-
though many details remain unclarified and etiologic factors
are still largely unknown, the progress to date has been suf-
ficient to create a new basis for the classification and
possible treatment of glomerulonephritis.

EXPERIMENTAL MODELS

treat effort has been expended ir the development and
understanding of models of immunologic glomerular injury. It
has become evident from such study that two mechaniams are
operative in experimental and human disease states the
first mediated by an antibody assault formed and directed
specifically against constituentz of the glomerular basement
membrane (GBM), and the second caused by circulating soluble
immune complexes (i.e. antigen-antibody complexes unrelated
to pglomerular tissue) passively lodging within the glomerulus
leading to injury of this innocent bystander. Application of
these concepts of pathophysiology to human disease is impos-
sible without familiarity with the animal models from which
they have been developed.

Nephirotoxie Nephritus: The Masagi, Steblay and Kay models
(Reference: Good RA etal. Fed Proe 28:191-208, 1969)

Working in 1933, Masagi was able to show the dewvelopment
of glomerulonephritis in rats injected with serum from ducks
or rabbits immunized against ret kidney antigens. The char-
acter and severity of the resulting disease was related to the
strength and dosage of heterologous serum used and both acute
and chronic nephritis were produced. Figure 1. In this model
larpe doses of heterologous serum led to early heavy protein-
uria, and subsequent, development of the nephrotic syndrome,
ronal failure, and death weeks or months after. Smaller doses
caused lesser degrees of proteinuria with the gradual develop-
ment of a chronic glomerulonephritis. In both instances,
renal morphology in the initial phase consisted of swelling
and proliferation of endothelial cells, basement membrane
thickening, and occasional fibrin thrombi. later there was

Prescnt Concepis, Vol 1V Nao u September 1971
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Fae. 1.

Masugt model. Kidney from rat is injected into rabbit 1o develop antikidney antibody, This is directed
mostly against the rat kidney bascment membranc. Injection of rat with antikidney antiserum from the
rabbit produces nephrotoxic nephritis which is based on an immunological assault directed against the
glomerular basement membrane. The renal discase may be cither acute nephrotic syndrome or chronic
nephritis, depending on dosc or potency of the antikidney antibodies given. (Good, Fig. 7.) Reproduced

with permission,

progressive thickening of glomerular basement membranes with
endothelial and epithelial proliferation, lobulertion of tufts,
the formation of adhesions and fibrous scars with gradual
obliteration of the glomerulus.

In the Kay model (Figure 2) nephrotoxic serum was produced
in the duck by injection of rabbit kidney antigens., In this
case injection of the serum into rabbits was followed by a 6-8
day period without proteinuria or morphologic change after
which heavy proteinuria and glomerulonephritis developed.

Anslysis by several groups has established the salient
features of these models. The toxic sffect of the hetero-
logous serum lies in the presence of antibodies directed!
against basement membrane antigens, Moderate doses lead to
immediate fixstion of antibody on basement membrane asites of
the target glomeruli. This is followed by a sequence of ocom-
plement fixation and activation, chemotactic attraction of
polymorphonuclear leukoocytes by a Cs47 ocomplex and perbaps
liberation of lysogzomal enzymes. Depletion of animals of
either polymorphonuclear leukooytes or complement averts both

Present Concepts, Vol IV Na 9, September 1971
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the early morphological changes and the immediate protelnuria.
In the Kay model the fact that duck gamms giobulin fixes rabbiz

3 complsment poorly explains the lack of immediate toxicity
despite antibody fixation., Wwhen larger doses of entibodv are

e administered, ieading to saturation of most of the antigenic

S gsites, proteinuria develops even in complement and polymorpho-
nuclear leukocyte depleted animals. The reason for this is

i unknown,

5 Dixon's group have &iso shown that following this initial

3 period of injury there occurs an autologous phase with the

b development of host antibodies directed against the heterologous

5 antibody fixed within the glomeruli. Fixation of these newly

formed antibodies to GBM~bound heterologous antibody resulis

in sustained nephritis and explains the delayed appearance of :
disease in the Kav model. Elimination of thls host response :
by x-radiation or neonatal induction of tolerance to foreign

gamma globulin prevents this autologous phase, permitting

aradual healing of the initial phase glomerular lesions.
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fig 2

Koy modei Antibody egainst rabbit glomerular membranes 1s formed 1 the duck Small Gosaye o
b antizabbit hidney serum .njecied into rabbit Rabbit complement 1« poorly fined by duck antibody
The rabbit forme antibody againct duck gamma globulin come of which 1< fined to 1< glhmerular membrance
A diterent form of diucdted immunological assault may ensue whete for one reason or another forcign
nigen woatiachied to kot glomerular membrane when antibody againct that antigen becomes availabic

sGond 1T 1) Reproduced with permicaon
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Inuncdogy of Clomerulonephritis - Sreinmuller

Although the intensive study of the Masagi and Kay models
has pormitted significant insights into the mechanisms of
renal injury caused by anti-GBM antibodies, it was not until
Steblay's demonstration of the induction ¢f autologous anti~GEM
disease in sheep in 1962 that applicability of these models to
forms of human glomerulonephritis became established. The
Steblay model (Figure 3) consisted of the injection of hetero-
logous glomerular basement membranes isolated from other
species, combined with Freund's cumplete adjuvant, into sheep.
Animals thus treated invariably developed a fulminant glomer-
uwlonephritis terminating in death within veeks to monthu. The
pathology in these cases was remarkably similar to human rapidly
progressive glomerulonephritis, showing prominent epithelial
cell proliferation with fibro epithelial crescents formation
and glomerular obliteration. The disease was transferable to
healthy animals by either cross-circulation or the injection
of serum from neprhrectomized diseased animals. In the latter
case Dixon's group has shown a sharp rise in the level of cir-
culating autologous anti-GBM antibodies once their site of
removal (the kidpey) is eliminated. These investigators have
recently decmonstrated similar rises *n antibody titers in the
sera of certain nephrectomized patients awaiting transplantation.

J
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Steblay muodel. fsolated basement membrances from a primate or human sontee are injected into the sheep,

Fhe sheep nuakes antibody agoinst these foreign membranes which crossreact with antigens ot. the theep’s own
glomerular mmembrance. Thus, a directed immunological assault occurs against the sheep's glomerular membrancs
Yy an autaintihody formed In the sheep. The ditease produced I a fatal progreseive nephritic (Good, I-ig. R)
Reproduced with permission,
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Immunology of Glomerulonephritis - Steinmuller

The demonstraticen that the immunization of sheep to hetero-
logous glomerular basement membrane antigen csuses the formation of
antibodies having cross-reactivity to autologous antigens led
several workers to investigate the possibility of immunizing
animals to homologous and sutologous glomerular antigens.

These efforts were surprisingly successful in a numbar of
hosts, which led to the preduction of true autoimmune anti-GBM

nephritis. ;
H

Analysis of the histopathology of all these models of
nephrotoxic rephritis by immunoflourescent technigues reveals
intense staining for Igh and B)C in a linear, ribbon-like
pattern along the glomerular basement membranes (Figure 4).

By extensive investigation the specificity of the histochemical
techniques used and the pathogenic significance of the linear
deposition nf immunoglobulins have been well-established.

This pattern may now be considered the hallmsrk of direct

immurologic assault on the glomerulus.

ARSI IRIA T RSN A ntad 1 MM e P M) [EC VIV
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Fig. 4. Fluuzescent photomicrograph of 2 diseased glomerulus stained with flurescenc-labeled anti-
globulin 1o IgG. Note the nbbon-like pattern corresponding to the deposition of immunoglobulin
in the Masugi, Kay. and Steblay modcls,
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Immune Coplery Disease The serum sichness, Hevaam, and othier modeks

Serum Sichness Model tacute and chronn)

R g AT

The injection of foreign proteins into animals or man has

been repeatedly shown to result in the typical syndrome of
serum sicimess, manifested by fever, arthralgia, arteritis

and glomerulonephritis.

been cloarly dslineated by seversl investigators.
The injected antigen elicits an antibody response &fter a

variable period, usually within 14 days.

The pathogenesis of the syndrome has

Figure 5.

As increasing amounts

of antibody are produced, complexing of antibody with antigen

occurs within the circulation.

Complexss formed early in the

course under states of antigen excess tend to be soluble since
the amounts of antibody available are tco small to form macro-

molecular precipitating aggregates.

These circulating soluble

complexes are bilologically active in fixing and activating the

complement system and other mediators of increased vascular
permeability. These changes eppear necessary for the subse-
quent deposition of the complexes within glomerular capillary

loops and vessel walls.
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Finally, complement activation in situ

ig 5 Clarac picture of serum sickness as revealed by immunochenucal anaiy<es of Dixon and co-workers.,
Note that the sstentic and glomerulonephntis begin while solutde antigen-antibody compleves are present
n the circulation just prior to the onsct of immune chimination. BSA-bowine serum albumin. (Good. 1 1g. 1.

3c taken from Dinon HJ Arch Parh 65 20,1958, Tig 2 ) Reproduced with permission
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Immunology of Glomerddonephrtin Stenmdler

by deposited immune aggregates initiates the injurious inflam-
matory response (vide infra). Thus, the appearance of glomer-
ular and arterial lesions closely parallels the development
of the antibody response and the subsequent disappearance of
circulating antigen, as complexes are deposited within blood
vessels or are cleared by the reticulo-endothelial system.
Free antibody first becomes detectable in the circulation at
the time of disappearance of antigen, reaching a peak level
three days later. Small amounts of antibedy are subsequently
produced and the serum level falls a8 normal immunoglobulin
cataboliam takes place. The resulting glomsrulonephritis is
short-lived, corresponding to the period during and ahortly
after antigen removal. Pathologically there is a marked pro-
liferation of endothelial cells with encroachment on capillary
lumina and diffuse swelling of the glomerulus. Polymorpho~
nuclear leukocyte accumulation is seen at the sites of tissue
injury. By immunoflourescent techniques (Figure 6) antigen,
antibody, and BjC globulin (C3 -~ the third component of
comrlement) are seen deposited in a gramulsr, lumpy-bumpy
fashion along the basement membrans. Early in the courss,
electron microscopy reveals occasional deposits along the
endothelial) side of the basement membrane while later study
shows large electron dense "humps" along the epithelial
surface. These are believed to represent large macromolecular
aggregates of antigen antibody complexes. Proteinuria is a
prominent result of the tissue injury but rapidly clears with
morphologic healing following Aisappearsance of circulating
complexes, Proof of the central role of thece protein aggre-
gates in the pathogenesis of the dlssase is given by the
prompt development of identical lesions in animals injected
with soluble immune complexes created in vitro.

With more complete understanding of acute serum sicimess
in the 19508, efforts to produce chronic disease states by
prolonging the phass of antigen excess were initiated. Dixon
and co-workers and later Germuth and associates were able io
produce chronic glomerulonephritis in rabbits through repeated
injections of foreign antiger over psriods of weeks to months.
In such experiments, animals could be divided into three groups
depending upon the degree of their antibody response. Aniwsls
doveloping extremely high titers of antibody were able to main-
tain states of antibody excess within the circulation despite
increasing doses of antigen. Under these circumstances pre-
cipitating insoluble complexes were formed and were rapidly
cleared by the reticulo-endothelial system. Glomerulonephritis,

Present Concepts Voill” No 9, September 1971
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Immunclogy of Glomerulonepkiritis - Steinmuiler

Fig. 6. Fluorescent phctomicrogrzph from animal with acute serum sickness. Note the lumpy-
bumpy pattern of flurescence from IgG + B, C which is characteristic of acute serum sickness-type

glomerulonephntis.

occurring after the initial exposure to antigen, quickly
cleared and chronic disease did not develop. Anaphylaxis

was & common sequel of antigen injection. A secornd growp of
animals failed to produce any antibody and did not show renal
injury. £nimals producing average or low levels of antibody,
however, developed progressive glomerulonephrities, In this
group states of antigen excess could be obtained repeatedly
with antigen injection and soluble immme complexes were
present for prolonged peviods, The renal disease was mani-
fested by hematuria, proveiauria, azotemia and frequently
death. The nephrotic syndrome was a common feature. The
earliest morphologic change was pronounced diffuse thickening
of tssement membranes, followed by proliferation of endo-
thelial and epithelial cells, lobulaiion and scarring of
capillary tufts, with subsequent obliteration by collagerosis
tissue. By immunofluorescent techniquss antigen, antibody,
and BjC were deposited together in the same yranular, lumpy
fashion as in acute serum sickneas., Extsnt of denocsition was
related only to the degree of basement membrane change, and
in no case could either antigen or antibody be demonstrated
alone, without the other. By electron microscopy dense sub-
epithelial deposits were noted within the basement membrane
with sheets of epithelial cell cytoplasm over them., The size
and distribution of these dense "humps" corresponded clcsely
to the deposits seen by immunofluorescenca.

Present Concepts, Vol IV No 9. September 197}
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Immunology of Glomerdonephrins - Stemmuller

To determine reversibility of disease once established,
Dixon's group followed a number of rabbits with mild to severe
proteinuria and morphologic change at blopsy for a variable
period after cessation of antigen injections. In thoss animals
with the moat pronounced histologic change and heaviest pro-
teinuria, scarring and destruction prcceeded relentlessly to
rensl failure. When only mild proteinuria was present in
association with early morphologic change, proteinuria de-
creased or disappeared after cessation of antigen injection.

At sacrifice or death 1little morphologic improvement could be
seen sven in animals with clinical evidence of healing., Immuno-
fluorescent staining for antigen and B1C was progressively less
intense, however, and breaking up of the subepithelial dense
deposits could be seen by electron microscopy. Thus, these
studies demonstr.ted a "point of no return" beyond which heal-
ing could not occur, and showed that histologic healing when

it occurred lagged far be'.ind clinical and immuno-histochemical
changes,

The Heyman Model

In 1959 Heyman and co-workers reported the resultis of a
series of experimeznts involving the production of the nephrotic
syndrome in rats by the intraperitonsal injection of rat kidney
extracts and Freund's adjuvants. The severity of the disease
appeared to be related to the dose injected. When extracts of
liver, muscle and lung were used with adjuvant disease was
seldom produced. Additionally, Freund's adjuvant alone or rat
kidney suspension elone were ineffective. The disease, once
started, coatinued despite cessation cf the injections; and
at autopsy moderate to severe membranous giomerulonephritis
with focal interstitial plasma cell and lymphocyte infiltration
were seen.

Although this model wag initially thought to be analagous
to the Steblay model, subsequent investigation revealed that
IgG and B|C were deposited in the glomeruli of affected animzals
in a granular, lumpy-bumpy fashion in contrast tc the linear
pa-tern c¢f anti-GBM nephritis. Figure 7. Electron dense sub-
eritheijal deposits like those of chronic serum sickness, were
~wted corresponding presumably to agg -agates of antigen-antibody
complexes, Figure 8., The fipal isolation of the specific remal
tubular antigen involved allowed the charactierizaticn of the
pathophysiology of th’s model. Injection of complete Freund's
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Immunologs of Glomerulonephritis - Stemmulier

adjuvant combined with a purified high density lipoprotein
obtained from the brush borders of proximal tubular cells was
snown to lead to production of auto antibodies which then
reacted with both the injected antigen and the minute quan-
tities of autologous renal tubular antigen. As in the sermm
sickness models, complexes were deposited with complement in
the glomerull of the affected animals, leading to proteimuria
and nephritis. The disease was self-perpetuating because of
the normally occurring continuous liberation of renal tubular
antigen into the animal's circulation. The elimination of
the normal state of tolerance to this autologous circulating
antigen by immunization thus produced & pregressive glomerulo-
nephritis through passive accumulation of antigen-antibody
aeggregates vithin the glomerulus. The applicability of this
model to humsn and animal autoimmune states is obvious.

OTHLER MODELLS
Perastent hymphou e choriemeningitis wited infection in mice

big 7 ciefr. Fuorescent photonucrograph ot the Xidney 1n the Heyman model. The granular pattern of
IgG ana & depoation corresponds to cobepiineltai immune romplex degosits,

Tig.§ nehr Portion of giomuiar *utt. There i< dittuse wregulanty i the subcpithiinal aspect of the
glomerular basement membrane With many dease doposts presens?, Intervening projections of the lammna
densa 2t ween. which are noted at tirec to airronnd the deposite farrow on the leftr. In one focus (arrow
on the rich™y clear arcac ar2 noted 1n the basement membrzae  (Rosen, Fig. 3. Reproduced with permis-
sion, from publishez, W.B. Saunders Co., and auther. thotograpn teduced from figure which showed
magnificazion \ 100

Sertain mouse streins injected shertly after birth with
lymphocytic choricmeningitis virus (L) carry the virus
throughout 1ife meking low levels of anti-L3 antibody. Dif- s
ferent, strains vayy in the amount of virus present, and in
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Immunology of Glomerulonephrins - Stemmuller

the time and extent of their antibody response, Mice having
least amounts of virus and antibody do not develop nephritis
while those with the highest lsvels show the early developmsnt
of chronic disease., Within the glomeruli, antibody, complement
and virus particles can be shown depnosited together in the
classic granuiar, lumpy-bumpy pattern. Gamma globulin eluted
from these kidneys resdily binds LCM virus, and circulating
IgG-virus complexes can be detected in the serum of diseased
animals. These findings would seem to establish the process

as an immune complex wediatsd nephritis.

Auto nmmunc discase of New Zealand muce

Gertain strains of New Zealand mice have been found to
develop an auto immne illness compareble to human systemic
lupus erythematosus. The disease appears earlier and is more
gevere in femaleg, and is charscterized by hemolytic anemia,
glomerulonephritis and antinucleic acid antibodies. The
nephritis appears in large measure related to deposition of
DNA compiexss and anti-DNA antibodies. The importance of
latent infection with murine leukemia virus in contributing
to the development of disease is currently being investigsted.
The finding of virus like particles within cells from patients

with SIE make this mcdel attractive for further understanding
of its human counterpars.

Additiona! Aspects of Immunological Inury

Rolc of antibody charactensuics, complen w172, complement, the coagulation process and meduators of
mereased vasoular permeabilits

Deposition of immune complexes with resulting disease
appears to occur only in special circumstances. Ccmplex sol-
ubility is important and relates to antibody characteristics
and circumstances of formation. In the case of precipitating
antibodies, complex soiubility occurs only when formation
takes plece with antigen in slignt excess, leaving antigenic
sites unsaturated. In certsin circumstances, however, non
precipitating antibodies are formed, making the relative con-
centrations of antigen and antibody unimportant. In this case
size also appears less important. Under most conditions com-
plexes of less than 19S5 in weight do not localize in blood
vessels and glomeruli; however, in the case of non-precipitating
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Immunclogy of Glomerulonephritis - Stcinmuller

antibody complexes c¢f intermediate weight circulating for pro-
longed periods will locelize ir siomerular tassmeni membranes.

“he role of oomplement in the varicus forms of experimental
naphritis has been extensivoly irvestigated. In the came of
nephrotoxic anti-GBM nepkritis compiement activation is an
integral part of the pathologic proocess. Immediate proteinuria
after antibody fixation to glomerular antigen is related to
the chemotactic properties of activated C3 and to a Cs547 com-
plex, The resulting polymorphonuclear cell acoumulation 1is
esssential and, as mentioned earlier, depletion of animals of
either complement or polymorphonuclear leukocytes pravents
immediate glomerular injury exocept when large doses of antibody
are used.

In immune complex disease compiement is necessary for the
genegis of arteritic leaiozns bhut 2ot for the develcimort of
glomerulonephritie, Complex deposition in vessel walle or
glomeruiar capillary loops results from changss in vascular
permeabilitr mediated ty ralease cf vasoective amines. In the
rabbit, platelets are the major reservoir for these anines and
their meleass in serum sickness 1s dependent on elahoration of
a huncral substance from a specific mononuclear o=li interacting
with autigan., Treatment of animals with antibietaminaa has been
shovn to provent both deposition c¢f oomplexes and dewvslopment
of glomeruionephritis. The role of complement in ccumplex disease
1lies only in the production of arteritis by chemotactic attrac-
tion of polymorphonuclisar cells and subsequent relsase of tissue
damaging lysozomal enzymes. That this mechanism is not part
of the glomeruiar injury is showa hy ihe deveiomment of glo-
merulonsphritis of idsntical morphology and severity in com-
plement deploted animals,

Since 1940 evidence has been acocumilating which inplicates
the coagulation process as ths mediator of mich of the tissue
injury in glomerulonephritis. Working with the Masugl model
of acute glomerulonephritis, researchers have repeatedly shown
rexarkable prevention of morphologic changes by the uss of
either heparin or warfarin. Endothelial cell proiiferation
ead swelling, creescent formation, necrosis and sclerosis are
all abolished by these forms of therapy. Interestingly, pro-
teinuria is unchanged or more severs in treated animals. More
recently the same protective action has been shown for acute
immine complex dipeass through use of either heparin, wvarfarin
or urokinase. By immunofluorescent techniques in untrated
aninalas fibrin and fibrinogon derivatives oan be found within

Present Coneepts, Vol IV No 9, September 1971
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Immunology of Glomerulonephritis - Steinmuiler

endcthelisl and mesangial celiis as well as within the urinary
space. More severe cases demozstrete crescent formation,
The distribution of this mat .rial differa from that of IxG
vkich is daposited only along bassmant membranes. Treatment
abolishes only the staining for fibrinogen derivatives and
rot 1gG. Similar staining and morphologic changes cen be
caused by nonimmune mechenisms, i.e. induced intravascular
2 coagulation. In ali casee studied with electron microscopy,
fully polymerized fidbrin can occasionally be demonsirated
3 either within the capillary specs or in endotheiial ocells.
More commonly, various forms of incompletely polymerized
fibrin (fibrinoid) are seen along the basement membranes and
within mesangial and endothelial cells. The toxicity of thess
substances is presumed to be reiated to both inefficient break-
down by phagocytizing cells and interference with tha vascular
supply. As mentioned before, the more severe casec show such
material within the urinary space in association with fulminant
crescent formation., The fact that several different forms of
anticoagulation are successful in aborting these pathologic
: changes suggests that their protective action is mediated
3 through inhibitions of the coagulation syatem not by some
other mechanisa, 6.g. anticomplementary effect or antiinflam-
matory affect. All this information speaks for the coagulation
process as the primary cause of the proliferative and sclerosing
lesions of most forms of glomerulonephritis. Although proteia-
& uria is not prevented by anticoagulant treatment in Masagi
3 nephritis it is eliminated in induced intravascuier coagulation
p nephritis and in immine complex disease in mice. These obser-
vations suggest possible differences in the causes of protein-
uria between anti-GBM disease and immine complex disease.
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Unfortunately the proximate events leading to coagulation
within nsphritic glomeruli are unknown. Ag-Ab complexes have
=5 been shown to accelerate the coagulation process in vitro,
probably through an effect on platelets. Yet actual initiation
of the coagulation process has yet to be demonstrated for either
immne complexes or for tissus bound antibody. More investi-
gation is needed in this important area.
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APPLICATIONS OF EXPERIMENTAL NEPHRITIS TO HUMAN DISEASE

Techniques developed in the understanding of experimental
models have proven extremely valuable in the study of Iman
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glomerulonephritis. The immunofluorescent examination of
renal biopsy specimens and the use of methods for the elution
of antibody have allowed identification of most forms of glo-
nerulonephritis as either anti-GBM disease or immune camplex
disease. Although the basic causes of the alterations in
immunity remain unknown, certain aspects of human glomerular
injury are now clear.

Ant-GBM Disease

Goodpasture’s syndrome and rapidly progressive glomsrulo-
nephritis (RPGN), two uncommon forms of nephritis, have
repeatedly been shown to be associated with deposition of
antiglomerular basement membrane antibodies in a linear fashion
with complement. The finding of fibrin and fibrin degradation
products within the glomerular capillarise and cells is pre-
sumed to be the cause of the marked ceilular proliferation
leading to 2 rapidly fatal clinical course. Figure 9., That
antibodies eluted from diseased kidnsys produce fulminant
Masagi typs nephritis when injected into primates establishes
their pathogenici.y. When patients with these diseases are
nsphrectomized prior to transplantation these antibodies rise
in titer in the circulation. Subsequent placement of heaithy
renal tissue in these patients with high antibody titers has
been shown to result in the disappearance of circulating anti-
body concomitant with the development of disease in the trans-
planted kidney. At biopsy or postmortem IgG is again seen
deposited in linear fashion along the basament membranes
associated with the expecied histology. In view of these
facts it has now become accepted practice to wait for the
gradusl disappearance of circulating antibody over periods
of months before considering transplentation.

Some differences in the specificity of auto antibodies
from these two diseases have been described. Thus IgG from
kidneys of patients with Goodpasture's syndrome appear to
have greater reactivity with other renal and non-renal antigens
as woll as with glomerular antigens from other species. In
contrast, antibody from RPGN kidneys shows little reactivity
with renal tubular antigens and alveolar basement membrane
antigens, and is far more species specific. These findings

help explain the differences in pulmonary involvement despite
identical renal histology and course.
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Immunology of Glomerulonephritis - Steinmuller

Fig. 9. Renal biopsy from a patient with rapidly progressive glomerulonephnitic (RPGN). Note the
profound crescent formation.
T Of great practical interest are the possible reasons for
: the development of this auto-immune assault on the glomerulus.
Although antigens baving immune cross reactivity with GBM have
> now been identified in normal human serum and urine, their
3 role, if any, in the development of nephritis is unknown. The
experimental demonstration that rabbits may be sensitized to
similar antigens from their own urine is encouraging evidence
for & pathogenic roic for these substances. Nevertheless it
would appear likely that some infectious process is also in-
volved in this alteration in immunity. At present there is
no available informaiion on this point. Although antigenic
cross reactivity between nephritogenic streptccocci and human
GBM has been demonstrated, the lack of evidence of preceeding
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streptococcal infection in most cases of human anti-GBM -
2 nephritis and the fact that post streptococcal acute glomerulo-
z nephritis appears to be an immune complex disease speak
i against an etiologlc role for these organisms.

-3 Immune Complex Disease: Postreptococcal glomerulonephrins (PSGN)

' Despite rather complete knowledge about the inciting
organism in post streptococcal glomerulonephritis (PSGN), the
3 full pathogenic sequence leading to acute glomerular inflam- i
'8 mation remains to be demonstrated. Nephritogenic streptococci
: are readily cultured and have been studied extensively with
b regard to capsular antigens, Organisms with lancefield group ;
A capsular polysaccharide and specific types of M protein (1,
: Ly 12, 25 and 49) (red lake) are now known to be nephrito-
- % genic. In addition opsonins directed against these M proteins
« 3 are responsible for typs specific immunity preventing reinfection.

Present Concepis, Vol IV No 9, September 197§
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The sequance of infection, followed Ly a latent period
and pephritis assoclated with rising titers of antibodies to
various streptococcal antigens and a fall in serum complement,
strongly suggests an imminoilogic basis for the iliness. Efforts
to document this impression have met with varied sucoess.

Lange et. al. in 1966 reported that all cases show the presence
of IgG and B1C in a granular distribution along the glomerular
basement membrane., The majority of investigators have found
these proteins in most but not all cases, agein in a granular,
lumpy distribution. By electron microscopy dense deposits are
found along the subepithoilal surfsce of the besement membrane
in all cases which by ferritin conjugated antibody techniques
are composed of IgG plus BjC presumably linked to an unknown
antigen. Additionally, denss deposits have bsen reported in
the subendothelial ares, betwecon endotnelial cells and within
the capillary lumen. These deposits appear to contain IgG
and BjC while fibrinogen derivatives are also suggested.

Efforts to complete this pathogenetic puzzle by demon-
strating streptococcal antigen within glomeruli have until
recently been rsther unsucvessful. Michael et. al. were able
to show such proteins in only two of ten patients, while Segal
and co-workers reported findiag streptococcal antigen in six
of ten cases. Recently, Tresar and associates have shown by
very elegant study such antigen in all cases of this disease.
The antigen is a lipoprotein of 120,000 molecular weight oon-
tained in the plasma membrane of nephritogenic streptoooccld
but not in other bacteria. Within the first few days of onset
of disease antigen is dlstributed in the glomerulus in the
same fashion as IgG apd BjC. latar, plasma membrane specifioc!
antibody appears in the olrculation and presumably saturates
all free-binding sites on the daposited antigen which there-
after cannot bs stained Ly Smmunofluoxr= scent techniques., This

fact might explain earlier failures to demonstrate the antigen in

late biopsies. If this work can Le reproduced by other invest-
igators the initial impreusion of Schlck 1n 1308 that PSGN
represents serum sickneas will be largely confirmed. Never-
theless, the reasona why some poopls develop the disease while
others infected with nephritogenic sireptococcl do not, remains
to be elucidated. Extrapolating from experimental models, one
would expect that affocted individuals would be good antibody
producers against this lipoproteln antlgen, while those witl
subclinical or no diseaso would have low or absent titers of
antibody.
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Another line of investigation which may yield additional
understanding of PSGN as well as some otner forms of glomerulo-
nephritis is the study of cryoglobulina. .hese interesting
macro-moleculas have been found in a high percentage of patients
with PSGN when specifically looked for with sensitive techniques.
Most contain IgG plus BjC while IgM is also occasionally a part
of the complex. These proteins can be shown to be biologically
active in fixing complement and in causing glomerulonephritis
vhen injected into animals., Nevertheless, the role in human
disease at present remains unclear.

Membranous Glomerulonephritis

This common cause of the nephrotic syndrome in adulthood
is characterized by the isolated finding of progressive, dif-
fuse thickening of all glomerular basement membranss, Figure 10,
The course is prolonged and variable with ultimate remission
or death in uremia being equally common. At present there are
few clues to the etiology. Immunofluorescent study reopeatedly
denmonstrates granular deposition of IgG plus BjC along the
thickened membranes, corresponding to electron dense subepi-
thelial deposits (as in the Heyman model, Figure 8). That
tho disease is immune complex mediated is reasonably certain;
however, the antigen involved, the reasons for the lack of
cellular proliferation despite ongoing complex deposition, and
the mechanism of remission are unknown. Since experimentally
it is the clotting system which appears to initiate ocellular
proliferation, it may be that some characteristic of the com-~
nlevaes is different from that in other forms of irmune complex
disease or that the slow deposition and low levels of complexes
are inadequate to trigger this mechaniam., The protracted
course over several years would suggest that the antigen in-
volved is an endogenous, autologous one circulating in low
concentration to which normal toleranoce has been lost us in
ths Heyman model. However, remission under ‘hsss circumstances
is hard to understand. The recent Iindinz of low levels of
circulating cryoglobulins in most cases of membranous nephro-
pathy may prove to be of great importance.

Present Concepts. Vol IV No 9. September 1971
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Immunology of Glomerulonephritis - Steinmudle:

Fig. 10. Membranows plomerulonsphritis showing severe thickening of all basement memktranes,

Systemic Lupus Erythematosus Nephritis (SLE)

SIE represents one of the most intensively studied of the
immune mediated diseases of humans, The repeated demonstration
of antibodies to DNA, mucleoprotein, and other nuclear and
cytoplasmic antigens in symptomatic patients hes led to the
couviction that these antibodies play a causative role in the
peripheral manifestations of the disease., The recognition of
renal disease as a major cause of morbidity and ultimate death
in these patients has led to the widespread application of
percutaneous renal biopsy for diagnostic and experimental
evaluation cf all stages of the illness. The growing body of
evidence supports the conclusion that lupus nephritis is an
immene complex disease expressing itself in at least three
morphologic patterns with gener=1ly differing clinical severity
and prognosis., The reasons for these differences are completely
unknown but are probably related to differences in antibody,
antigen, the quantity of circulating immune complexes, or in
the presence and quantity of cryoglobulins.

The experimental observations implicating immune mechanisms
in the development of lupus nephritis are many. Extensive
study has showr anti-DNA antibodies to be specific for active
lupus erythematosus. They are identified in the sera of most
patients with active nephritis in varying titer generully
corresponding to the severity of clinical manifestations.
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nmunology of Glomerudonephear - Steumdler

That these antibodies are pathogenic has been suggested by
their elution from affected renal tissue ir much higher titsr
than in the corresponding serum. Furthermore, DNi antigen
can be demonstrated in sera and glomeruli after antibody
elution. Besides anti-DNi antibody and DNA antigen, anti-
bodies against nucleoprotein and phosphate buffer-extractible
nuclear antigens have also been found within affected glo-
meruli. Other antigen antibody systems may play an even more
important role in the production of renal lesions. For
instance, all patients having anti-risosomal antibodies appear
to manifest clinical renal diseass. In addition, mixed cryo-
globuling composed of IgG, IgM and perhapa other constituents
are commonly seen in low titer in the sera of lupus patients
and in some cases have been demonstrated as deposits within
glomerular lesions. Finally, during periods of active renal
disease, serum complement levels fall as in serum sickmess
and PSGN, suggesting the presence of biologically active
circulating immune complexes.

By aimmuno-histochemical techniques and electron micros-
copy, complex deposition appears to have three distinct
patterns corresponding to the different light microscopic
morphologies. <Jases with pure membranous changes have depo-
sition of IgG, BiC in a finely granular pattern along the
basement membranes. The only distinguishing feature from
"idiopathic" membranous nephropathy lies in the slightly
greater prominence of the mesangium in lupus. As expected,
electron microscopy demonstrates subepithelial electron dense
deposits correspending to immune complex aggregates. Further-
more, the course and prognosis of this lesion generally paral-
lels that of its ideopathic counterpart. In contrast to this
pattern are the diffuse proliferative lesions usually leading
to progressive deterioration ard rensl death. In these cases
fibrinoid necrosis, wire loops, endothelial and mesangial
cell swelling and proliferation are prominent features.
Neutrophil infiltration and nuclear fragmentation appear in
the more severely affected areas, Immunofluorescent studies
show localization of IgG and BjC in coarse lumps along the
basems 1t membrane and in mesangial cells. Fibrinogen deriv-
atives can be seen in the same pattern. By electron micros-
copy large dense deposits are located subendothelially, often
partially or completely phagocytized by endothelial and
mesangial cells, Figure 11. Cther depcsits can be found
within the capillary lumens either free or within polymorpho-
nuclear cells., Gceasional deposits are also seen lying within
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immunology of Glomerulonephritis - Stewsnudler

Fig. H. Eiectron micrograph of a glomerular capitiary loop from a patient with diffuse lupus nepnras.
EN = endothelal cell nucleus. CL = captllary lumen, EP = epithehal cell with foot processes lying on
basement membrane. Note the dense deposit marked by asterisk as well as the deposits shown by arrows
covered by endothetial cell cytoplasm.

the bagement membrane or on the subepithelial side. This
distribution of immunoglobulins, complement, and fibrin has
been described occasionally in severe cases cf PSGN as well
as in idiopathic membranoproliferative glomerulonephritis.
The mechanism behind this mesangial and subendothelial depo-
gition in contrast to the membranous pattern is not understood
but may relate to the compition, size, or quantity of these
macro-molecules in the circulation. Experimental evidence in
animais and the presence of fibrin and fibrinogen derivatives
in humen lesions implicate the cozgulation system as causing
at least part of the observed tissue injury. I{ can easily
be imagined that subendothelial deposits in contact with the
circulation would be more biologically active than subepi-
thelial ornes., Nevertheless, proof of the pathogenicity of
these deposits thus far is incomplete, and the exact details
linking these immune complexes to the subsequent nephritis
are unknown,

The third pattern of SIE renal involvement is focal and
locel proliferation with occasional necrosis of glomerular
tufts. This form is usually associated with gocd prognosis
and rapid response to corticosteroids. Occasionally, progres-
sion to more generalized proliferative disease is seen,
however, Immunoflucrescent studies indicate mild diffuse
deposition of IgG and ByC along basement membranes with heavier
deposition within lesions and mesangial areas., To answer
whether or not the differences between this pattern and the
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diffuse proliferative type are qualitative or merely quanti-
tative will require much additional study.

Lipord Nephrosis (Nil disease, minimal change diseuse)

This lesion is present in most cases of childhood nephrotic
syndrome and is seen in about 25 percent of adults presenting
with nephrosis. The histology by light microscopy consists of
either no change from normal or occasional focal, local thick-
ening of basement membranes. In long standing recurrent cases,
focal areas of scarring, irregular mild basement membrane
thickening, increase in mesangial cells and matrix and obso-
lescent glomeruli are found. Immunofluorescent studies looking

for deposition of IgG, IgM, and BiC have been uniformly unsuc-
ceeamg. Under elect;'onggicroacopy there is fusion of epithe-

1lial cell foot processes, believed to represent a nonspecific
normal reaction to increased protein passage across the bage-
ment membrane barrier. Occasional amall subendothelial dense
deposits have been reported but apparertly bear no relation-
ship to areas of basement membrane thickening. More common
are areas of platelet aggregation and occasional fibrin thrombi
within capillary lumina. These findings may explain the
gradual scarring and glomerular obliteration seen in long
standing cases.

Although it was formerly belisved that lipoid nephrosis
merely represented an early stage of idiopathic membranous
nephropathy, it is now clear that these are two distinct
diseases unrelated to each other. No convincing cases of
progression from the one to the other have ever been presented,
the distinctly different ultrastructural morphologles clearly
explain why.

The repeated failure to demonstrate immunoglobulin depo-
sition has suggested to some workeras a possible metabolic or
biochemical cause unrelated to immune mechanisms, Neverthe-
less, the high incidence of atopy and eosinophilie in many
cases, as well as the sensitivity of the lesion to cortico-
steroid therapy, has convinced many investigators that sig-
nificant immune events were being somehow missed by routine
procadures. Consequently, the recent report by Gerber and
Paronetto may represent a significant breakthrough in the
understanding of this disease. By preparing antibody in goats
through the use of rare IgE myeloma protein, they have boen
able to demonatrate linear deposition of IgE in a comma like

Present Concepts, Vol IV No v September 1971
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fashion along basement membranes in all cases of lipoid nephro-
3 sis studied. Unfortunately, other glomerular diseases studied

4 also showsd this reaction, suggesting that it may be a non-

5 speci{ic finding. Altbough much further work will be necessary

to clarify the pathogenic role, if any, played by this immno-
globulin deposition, at least one line of investigation is

£ now available.

3
. Membrasoproliferatve Glomerulonephritis

3 This group is a mixed bag of morphologic lesions and
3 clinical expressions. Under this heading will be included

cuch entities as diffuse proliferative glomerulonephrit’
apsociated with nephrotic syndrome, chronic hypocompleme...emic
nephritis of childhood, lobular glomerulonephritis, necrotizing
glomerulonephritis, some patients with acute post streptccoceal
B glomerulonephritiz pursuing a rapidly prozressive course, as
: well as cases having similar histology but no antecedent strep-
; tocecccal exposure. An immune basis for these diseases seems
e likely, but few cases have been well-studied from that point

of view. Most cases have normal complement levels except for
tnose patients with hypocomplementemic nephritis in which
selective degradation of C3 by an unidentified serum factor
occurs, Electron microscony shows subendothelial and mesangial
deposits similar to the p.oiiferative form of Iupus nsphritis.
Immnofluorescent staining of IgG and BjC in a lumpy pattern
is crmmonly, but not consistently, seen. Prognosis is generally
poor exceplt when a streptococcal etiology is present. Since
some of these cases may present with rapid clinical deterio-
ration associated with epithelial proliferstion and crescent
formation indistinguishable from RPGN, the examination of these
biopsies with electron microscopy and imminofluorescence is
Again the indings of fibrinold necrosis and
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$ fibrin thrombi suggest an intimate role for the coagulation
' process aspecially in the more ssvere cases. It is likely

that the renal involvement of Henoch-Schoenlein purpurs,
hypersensitivity angiitis, and Wegener's granulomatosis is
similar in mechanism to these membrano-proliferative diseases.
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Tmmune Complex Nephrtis with Known Antigets

Under this headirg may be included the nephrotic : mdrome
of penicillamine therary, persisting Australia antigenemia,
secondary syphilis, ani at least one case of carcinoma., In
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Immunology of Glomerulonephritis - Steinmuller

addition the acute glomerulonephritis of falciparum malaria

is most likely related to immune complex deposition. In the
cases of disease related to Australian antigen and quartan
melaria, antigen has been definitely shown to be deposited
within affected glomeruli along with IgG and BjC. When IgG
vag eluted from a patient with membranous glomerulonephritis
and carcinoma of the lung, antivody specific for tumor antigens
was found. Unfortunately, efforts were not made to identify
tumor antigen within the glomerular immune deposits. Thus
far, efforts to demonstrate penicillamine in immune deposits
has been unsuccessful, probably for reasons 2f technique. In
cages of secondary syphilis with nephrosis no efforts have
been made to Zemonstrate the causutive antigen, although lumpy
deposits of IgG have been identified by electron micoscopy
and immunofluorescence. No doubt the presenca of treponema
antigen will be demonstrable in these deposits when properly
studied.
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THE MALIGNANT PHASE OF HYPERTENSION
Relationship of the Kidney with Pathogenesis, Prognosis, and Therapy
. Allan B. Schwartz, M.D.*

RIVENGH

Malignant hypertension is a devasiating entity. It is not

& a distinct disease itself but should be considered & syndrome
representing = specific phase of hypertension having various
etiologic pussibilities. The etiologies vary f.va primary
essential hypertension with nephroangiosclerosis .- pephritis,
lupus nephritis, et cetera. The one common feaiu.re that the long
list of etiologic considerations have is renal invo.vement. 3y
definition, the malignant phase of hypertensicn must have an ab-
normality in some parameter of renal evaluaticn or the diagnosis
is tenous. J3chottstaedt and Sokolow /1/ in their 1953 review of
4 clinical parameters associated with the malignant phase of hyper-
tension found high percentages of cerebral and cardiac involvement
but found 10C percent remal involvement in their study of 104 cases.
They wrote, "The kidney is the organ most seriously involved in
maligiant hypertension". Renal involvenment is recognized by pro-
teinuria on urinalysis and abnomal renal functional parameters
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' such as azotemia or elevated serum creatinine. These crude param-
E- eters call attention to the obv:sus loss of renal [onction threat-
T ening to resuli in uremia and @ ath should the malignant phase of

hypertension go unchecked., The malignant phase of hypertension
is & vascular disease for certain. Histologically, fibrinoid
necrosis of arteriocles throughout the body has been recognized
as the classic lesior.

§ 4As to the pathophysiology of the malignant phare of hyper-
tensicn, no ciear explanation is yet available. It appears
that some primary alteration occurs in arteriolar structural
s integrity, reducing luminal area and the effective perfusion
B volume of the arteriole, i.e. reducing the available vascular
space. And, as stated by Poiseuille’s law (resistance to
viscous flow varies inversely with the fourth power of the
radius), this reduction in vascular radius dramatically in-
creases peripheral vascular resistance. Jardiac systolic
ejection force attempts to compensate for this increased vas-
cular reeistance by producing a more forceful ejection and a
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* Awntant Profesor of Mediare, Divison of Nephrology and Vascular Diccases, Department of
Mediane, Hahremann Medicai College and Hovpital, Philadelphia, Pennsy vania
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Mualignant Phase of Hypertensom Schwarg:

progressive increass in systolic pressure becomes apparent.
At these excessive pressures, further alterations of siretch-
ing end constrictior of arterioles results and a vicious
cycle is set in motion. As a result, there ia a progressive
increase in both diastclic ard systolic pressure,

Further wascular alterations occur as plasma appears
locally in sones of dilatation in the walls of terminal
arterioies at an early stage in the proosss. ILocal over
stretching or tearirng of medial muscle fibers occurs which
may simultaneously destroy the muscle and turn the vessel
into a semi-permeables membrans. This allows various colloid
materials to escape into the tissue while the destroyed vas-
cular tissue itself becomes saturated with concentrated plasma
proteins giving the appearsnce of fibrin, i.e. fibrinoid
necresis. /2/

Recently, evidence has arisen that points to a hemato-
logic coagulation atmormality associated with the vascular
changes of malignant hypertension. An ircrease in permea-
bility of small blood vessels has been thought to sst in
motion the fibrin deposition in the wall and in the lumen of
vessels. These fibrin deposits then induce fragmentation of
red blood cells, which leads to microangiopathic hemolytic
anenia which then results in further deposition of fibrin
until finally the vessel is occludsd and the peripheral bas-
cular resistance is maximm. /3/

Another area of research has to do with a depositiocn of
lipid-like material in subendothelial areas of glomerular
capillaries. These lipid deposits have been demonstrated by
electron microscopic examination of glomerular capillaries
from renal biopsies of patierts having the malignant phase
of hypertension. /4/

The humoral and neurogenic aspects of the malignant
phase of hypertension are still open to question. Peart /5/
suggested tbat aldosterons sxcess was a defense mechanism
brought cut to counteract the angiotensin induced sodium loss,
Oversecretion cof aldosterone in melignant hypertension was
believed by Cope and Pearson /6/ tc be a consequence of renal
damage. laragh, Sealey, and Soumers /7/ in 1966, found a
strong correlation between secondary hyperaldosteronism of
malignant hypertensiorn and increased levels of plasma renin.
These data strongly suggested a renal course of atimulation
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for the hyperaldosteronisa cbserved in the more advanced stages
of the malignant phase of hypertension. Certainly, some of the
g highest plasma renin activity valuss that have been recorded

3 have been in malignant hypertsnsion.

TS

Intravenous injection of angiotensin has been implicated
in causing fibrinoid pecrisis in the rat as has a partly puri-
fied renin preparation. /8,9/ This ability to produce necrotic
E vascular lesions is alzo shared by various pressor amines such
£ as tyramine, mcikovzeine, and norepinsphrine. /10-12/

3 Amins hypertension has been recognised clinically. Foods
such as cheeses and fermented material such as beer contain

; tyramine which has been shown to elevate blocd pressure by

> releasing norepinephrine. /13/ In the pressnce of monoamine
Z oxidase inhibition, the ususzl degradation of norepinephrine is
retarded and excessive tyramine ingestion may provoke ssvere
or even malignant hypertension. Certainly, pheochromocytoma
has been a recognised cause of malignant hypertension.

e The relationship between the sympathetic nervous system,
catecholamines, and renal humoral mechaniasms have been well
established, Wathen et al /14/ in 1958, demonstrated the

E: relationship betwesn catecholamines and the renin-angiotensin
system by infusing norepinsphrine in anssthetized dogs arnd

: evoking an acute release of renin. Michelakis and Horton /15/
2 in 1970, confirmed this relationship in man by infusing nor-
epinsphrine in human volunteers &nd evoked an increase in
peripberal plasma renin activity. It is possible that this
interrelationship between the sympathetic nervous system and
the renin-angioterain system could be intimately involved as
the "trigger mechanism" of the malignant phase of hypertension.

g It is also possible that an existing renal parenchymal
diseass could in itself intrinsically initiate an abnommel
humoral vasopresaor substance which alons could be the *"trigger
mechanisa™ of the malignant phase of hypertension. There is

e already evidence for a renal humorsl vasopressor substance
existing as a major factor responsible for the blcod pressure

= elevation and vascular damage of the malignant phase of hyper-
E tension. /16/ This vasopressor effect of the kidney has been
presented in the setting of both primary essential hypertsnsion
and chronic renal parenchymal diseases, 1.e. chronic glomerulo-
S pephritis.

b Present Concepis, Vol IV No O Scpiember [97]
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Mualtgnant Phase of Hvpertensim Sthwartz

I am certsin it is obvious to the revader that I ax fos-
tering the ooncept that there is a peripheral vascuiar alter-
ation that initiates the malignant phase of hypertension.
The question that arises is, "What triggers the vascular
alteration?™, It is interesting to hypothesize that thius
"trigger mechaniam™ might involve a renal-sympathetic nervous
system catecholamine mechaniam which onoe set in motion will
develop into a vicious cycles resulting in arteriolar fibrinoid
necrosis.

The clinical syndrome of the malignant phase of hyperten-
sion is a reflection of the diffuse vascular alterations,
specifically fibrinoid necrosis and the resultant compromised
perfusion of vital organs - brain, heart, kidneys and eyes.

That the above process is rvversible is a thesis geining
support each ysar. Tke blood pressure must be reduced to
allow vascular changes to heal. The resistance vessels may
return to their normal caliber, perfusion will improve, and
the syndrome will abate.

PROGNOSIS OF MALIGNANT HYPERTENSION

The prognosis of malignant hypertension is definitely :
improved today over 20 years agc and even .0 years ago. The
apparent reasons for this improvement are twofoid: %;) the ‘
avilability of relatively safe, potent antihypertensive
agents which have been developed for clinical use during the
perio?, and (2) an increasing knowledgs and understanding of
the use of the antihypertensive agents in the presence of
renal lnsufficiency associated with the malignant phass of
hypertension,

Before the advent of such early therapy as sympathectemy,
malignant hypertension was consistently a fatal disease in a
maximm of four or five years and 80 percent fatal in the first
year. /17-19/ 1In 1938, Page ,/2C/ reported on beneficial
resul*s of anterior nerve root ssction. He wms the first to
show an improvement in the course of malignant hypertension
in that there was some evidence of improvement of cardiac
parameters, eye grounds, and renal function. The patient
still eventually succumbad to the dissass, however.

Present Conoepis. vol IV No O Seprember 1971
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Maltynant Phuse of Hvpertemsion

The advent of ganglionic blocidng agents and adrensrgic
blocking agents brought about an improvement in the survival
statisiics, Enocephalopathic and cardiac causes of death
associated with malignant hypertension declined. However,
the percentage of renal causes of death increased demon-
strating a failure to arrest the arterioclar fibrinoid necrosis

within the kidney.

In 1956, McCormack et al /21/ showed definite evidence
of healing of acute destructive lesions of malignant nephro-
angiosclerosis in patients treated with potent antihypertensive
agents including hexamethonium, pentolinium, chlorosondamine,
mecamylamine, reserpins, and hydrslazine. Althkough an autopsy
study, there had bsen some transient clinical remissions
effected in thess patients with malignant nephroangioaclercals
by intensive treatmsnt with the agents noted above. Renal
failure was the primary cause of death of 14 ovt of 19 treated
patients. There was a definite "ceassstion of activity and a
regression in both artsriolar necrosis and thrombonecrosis®.

This was asscciated with disappearance of most of the focl of
£ibrin acoumulation and of the evidence of acute vascular damage.

McCormack et al /21/ noted in thei:r review that in soms
cases treatment wvas not wholly effective and minimal active
lesions of malignant nephroanglosclerosis persisted and were
apparently progressivs, although certainly not nearly as
rapidl;r as ‘o the untreated patient. Their words were nct
heeded and, for the next few years, hypertensiologi.sts feared
treatment of malignant hypertension associated with renal

insufficiency.

The relationship of renal insufficiency and survival
rate of patients with melignant hypertension bas been inter-
esting to follow through the evolution of successful anti-

Jypertensive therapy.

In 1959, Harington et al /22/ reported that malignant
hypartension associated with a blood urea nitrogen of greater
then 60 »g/100 cc befores therapy correlated with only a 10
percent survival by two years. Those patients with a blood
urea nitrogen less than 60 mg/100 cc bad a 55 percent survival

o two years.
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Malignant Phase of Hyvpertension Seliwary:

In 1961, Dollery /23/ expressed the opinion that pro-
gressive renmal failura could not be haited by antihypertensive
therapy. With respect to the blood urea level, he reported
only a 15 psroent ons year survival if malignant hypertension
was accompanied by a blood urea level of over 60 mg/100 cc
(blood urea nitrogen grester than 30 mg/100 cc). The one year
survival for patients having malignant hypertension and a
blood urea level less than 60 mg/100 cc was 73 percent.

In & report by Mohler and Freis /24/ in 1960, a corre-
lation of five-year survival was made with nomal or nearly
normal levels of nonprotein nitrogen before treatment.

Sokolow and Perloff /25/ reported a five-year survival
of 5 of 11 patiente who had creatinins clesaranoce values greater
than 45 cc/min before therapy with ganglionic blocking agents.
0f 15 patlents with poor renal fumction before treatasnt, none

survived even three years.

Kirkends.. 28/ wrote that successful lowering of blood
pressure improved signs of necrotizing arteriolitis that
allowed histologic improvament. To produce the same improve-
ment of histology in the Jddney "one must reduce the blood
pressure and blood flow to the kidnsys so that glomerular
filtration rate snd renal excretory function zre reveraibly
decreased.” Thus, ona is on the horns of a dilemma! té%/
Kii cendall in 1961, as were many others, was faced with the
fact that the closer to normotension the patient cams, the
Worse the renal function became during the early phase of
treatment of the maligpant hypertension. The key to the above
quotation is that aggressive reduction of blood >ressure might
initially lower repai function, but this initial decline is a

functional ons that is "reversible”.

Through the 1960's, physicians were still unable to cope
with malignant hypertension coexisting with significant renal
ingufficiency. Therspy was often withheld or ineffectively
administered at the firat hint of blood urea nitrogen rise.
As recently as 1966, langford and Bonas /27/ advocated that
vhen & rise in blood vrea nitrogen occurs, it is ususlly best
to hold the pressure at the level that has been obtained or
even to let the blood pressure go slightly higher rather than
immediately pressing on to further blcod pressure reduction.
They did, however, recognize the nsed to continue antihyper-~
tensi7e therapy in treating maligrant hypertension despite the

Y Soptemper 107
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Malignant Phase of Hyperiension Schvware:

rise in blcod urea nitrogen to permii healing of the necrotiszing
arteriolitis, They also agreed that it may be necessary to
utilize dislysis while hypotensive iterapy was being given in
the face of worsening renal functi i,

Schroeder /28/ claimed that if improvement in renal func-
tion does not occur early, the treatawent can be considered
only 1life extending and he predicted a steadily progresaive
mortality. He did, however, recogrize the value of effactive
Jowering of blood pressure of malignant hypertension with mild
to moderate renal insufficiency and noted that in his experi-
ence, ono-quarter of such treated patients survive five years.

Wooda and Blythe /29/ appear to bave the most encouraging
experience in the literature dealing with survival of patients
naving malignant phase of hypertension complicated by severe
renal insufficiency. Thense authors of aggreasive therapy
trmated 20 patients with malignant hypertension and a blood
urea nitrogen of 50 mg/100 cc or Ligher and noted a 55 percent
one-year survival, and a 35 percent two-year survival and a
25 percent longer term survival.

In 1969, it was again reported that aggressive treatment
of accelerated hypertension in patients with azotemia resulted
in slight worsening of renal function during the first two
weeks. However, by three months of effective treatment, renal
function had improved to levels batter then pretreatment

values. /30/

The conclusion 1s that reduction of blood pressure to
normal lavels iun patients with melignant phase of hypertension
complicated by renal insufficiency does not necessarily result
in irreverasible deterioration of renal funciion and may actually
improve renal function in a large proportion of patients.

At Hahnemann it 18 obvious to our s3taff that the only way
to attack malignant hyperten-aion associated with primary
nephroanglosclerosis is to lowe: promptly and aggressively
the blcod pressure to normotensive levels. However, primary
renal parenchymal disease, such as chronic glomerulonephritis
and lupus nephritis, may be assyciated with 2 secondary form
of malignant hypertension wl®-h presents entirely different
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Mulignant Phase of Hypertenston Sthwarlz

considerations, The physician is now faced with the necessity
of considering two separstes prognostic aspects in one patient,
i.e. "What is the prognosis of the prirmary renal parenchymel
diseass and what is the prognosis of the secondary and co-
oexisting malignant hypertension?". Renal insufficiency might
be a definite feature of either. The clear distinction must
be made esarly between malignant hypertension due to primary
nephroangiosclerosis versus melignant hypertension due to
primery renal parenchymal diseass. Often, the only means by
which the distinction can be made is the kidney biopsy. Once
the diagnosis of primary nephroangiosclerosis is established,
the treatment program for the malignant phase of hypertension
with renal insufficiency is clear cut normotensjon myst
be acquired and raintained.

Normmotension provides the only setting in which the
necrotizing arteriolar changes within the kidney will heal.
Normotension must be maintained even if renal insufficiency
appears to worsen in the early phase of t:eatment. This
further loss of glamerular filtration rate manifesting a rise
in serum creatinine and blood urea nitrogen is a functional,
reversible loss.,

The sudden decreasze in perfusion pressure resulting from
the antihypertensive prescription will result in a decreased
glomerular filtration rate. A transient worsening of azotemia
and even uremia may occur during the early vascular healing
phase. A need for supportive peritoneal dialysis or homo-
dialysis therapy may become apparent in some cases. Certainly,
if the diagnosis is made early and treatment initiated early,
this need will be transient., Once the fibrinoid vascular
changes have healed and renal arterioles are again patent, the
glomerular perfusion wilil improve and glomerular filtration
rate will gradually increase. Such an example 18 represented
in the following case presentation.

CASE REPORT

The patient is a 32-year-old black female who presented
with a one-week history of rapidly progressing dizziness,
severe suboccipital headache, and nausea, On the day of ad-
mission, she had several episodes of vomiting. There was no
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Malignant Phase of Hyvpertension - Schwarrz

past history of renal disease, hypertension, cardiovascular
disoass, or dlabetes. The family history was negetive for

hypertension.

The physical examination demonatrated the blood pressure
to be 230/156 mm Hg in the right am and 228/152 mm Hg in ths
left am. Pulse vats was 96 bests/min and regular. Orel
temperature was 98.56 F, Funduscopic exsmination revealed
gsevere artsriolar spasm, soft cottomwool exuliates, flame shape
ksmorrhages, and ;-:pilledems bilaierally, Tbhe heart exmmins-
tion demoretrz’red the point of maximal impules in {he sixth
interccsts’ srece ia the ariterior axillsry line. A prominent
lef% venc.riculur heave was noted. 4n atrial galilop was presant.
A grade TII/VI early systolic ejsction murmur wes noted at the
second right intercostal space. The lung fislde were clear.
Abdomfnal exsmination showed no paipable liver, apleen, or
ki¢neys. ‘here waa no costovertebral angle itsndsrness and
there waes no abdominal bruit., Femorel pulses wore sirong
bilaterally. All peripheral pulses were found {v be normal.
There was a trace of pretibial and psdal edema bilaterally.
The neurologic evaluation showed the patient to be moderately
lethargic, but she was well-oriented for time, place, and
person. There was no nuchal rigidity and no localizing neuro-

logic abnormality.

Iaboratory evaluation demonstrated the blood urea nitrogen
to be 109 mg/100 cc, serum creatinine 11.5 mg/100 cc, serm
scdium 137 mEq/L, serum potassium 3.8 mEq/L, serum chloride
98 mEq/L, and serum zarbon dioxide combining power 20.9 zEq/L.
Urinalysis demonstraied 8-10 red blood cells/HPF and 10-15
white blood cells/HPF, and a one plus reaction to protein.
Tostis for urine, sugar, and acetons were negative. Urine
specific gravity was 1.005. Complete blood count showed a
hematocrit of 29 percent, hemoblobin of 9.6 gm/100 cc, white
blood count of 5,150 with 65 psrcent segmented forms, 5 percent
bands, and 30 percent lymphocytes. The peripheral plasma renin
activity was 5000 ng/100 cc (Method of Boucher). The initial
therapy consisted of alpha-methyldopa 500 mg intravenously and
furosimide 80 mg intravenously. The alpha-methyldopa was
repeated in a dose of 500 mg intravenously every six hours
for four doses. At that time, the patient was started on oral
therapy consisting of alpha-methyldopa 500 mg every six hours
in combination with hydralazine 50 mg every six hours and
furosimide 80 mg every 12 nours. Within 12 hours after the
patient's admission, the blood pressure was reduced to 120/80
mm Hg and within 24 hours the oral medication described above
was maintaining a blood pressure of 100/70 mg Hg in the supine

position.
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Malignant Phue of Hyperiension - Schwartz

Three days later the blood urea nitrogen had increased to
150 mg/100 cc and the serum creatinine had risen to 16.2 mg/100 cc.
A repal arteriogram demonstrated patent main renal arteries
bilaterally. There was moderate arcuate and interlobular
arterial narrowing within the renal cortex. The transit time
of the radiopaque material was delayed and there was absence
of nephrogram effect. On the fifth hospital day the blood
urea nitrogen was noted to have increased to 193 mg/100 cc
and the serum creatirine was 15.3 mg/100 cc. The patient had
developed further evidence of uremia and peritoneal dialysis
was instituted for the ensuing A48-hour period. Open renal
biopsy was then performed. The renal biopsy demonstrated
ovidence of fibrinoid necrosis of %“he afferent arterioles
and interlobular arterioles. Figure 1. There was also
typical onion-skin effect in arterioles diffusely throughout
the kidney. Figure 2. The interstitium was moderately in-
volved with round cell inflammatory reaction, edema, and a
mild degres of fibrosis. The glomeruli were nonspecifically
thickened and minimally proliferative. Figure 3. Only a few
of the glomeruli were entirely hyalinized. Two 24-hour urines
for vanillylmandelic acid excretion, were 6 mg/24 hours and
7 mg/2/, hours. repeated urinary cultures demonstrated no
significant growth.

The clinical course was marked by normotensive response
to the medications (furosimide; hydralazine, and alpha-methyl
dopa). The patient showed continuous improvement in overall
well-being. Over the next three weeks, there was a stabili-
zation of the blood urea nitrogen at 1, ;:,’1C0 cc and the
serum creatinine at 11.3 mg/100 cc.

An orthostatic responss 4o the medicaitlons was noted as
the blood pressure was consistently lower in the atanding
posture than it was in the supine posture, The average blood
pressure in the standing posture was 115/80 mm Hg and the
average blood pressure in the supine posturs was 170/100 mm Hg
during the patient's hospitalization. For this reason, the
patient's bed was tilted 30 degrees upright at the head. The
patient was discharged and followed at frequeat intervals as
an outpatient. Medications were continued and occasional
adjustments were made to maintain normotensive blood pressure
levels, Assnciated with the marked orthostatic response noted,
three episodes of dizziness occurred during the next few months.
Howsver, there was no syncope. Agaln the supine blood pressure
was consistently higher than the normotensive-to-slightly-hypo
tensive standing blood pressure. The patient's bed at home
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Malistiast P of Hhpertonse 1 Selnears -

was placed in the 30 degree head-up tilt position tc avoid
the mild blood pressure elevations while she slept.

During the outpatlent follow-up period, the patient was
tsr.ined to record bher own blood pressures at home. She kept
an extremely accurate record vhich corresponded well with the
in-office readings.

The funduscopic picture cieared over the initial three
months of outpatisnt follow-up and her residusl funduscepic
changes consistad of mild arteriolar narrowing with ao evidence
of hemorrhages or exudates.

The patlent returned tc work after three months ani main-
tained fuil smployment following that date.

The blcid urea nitrogen and serum creatinine progressively
decreesed over the next few months, and within two montks the
creatinine clearance increased to 30 ml/min,

After having maintained a steady improverment while normo-
tensive for seven months; tne patient was readmitted to ths
hospital for elective evaiuvation of her renal status. Ths
repeated kidney biopsy showed definite evidence of afferent
and intsrlobular artericlar patency. Figure 4. There was no
evidence of the typical onion-siin effect and fibrinoid nmecro-
sie wvhich bad been noted in the injtial biopsy. Many glosaruli
did shov swme evidence of sbrinking and there was an increase
of Bowman's space., Figure 5, Howewver, tne giomcrular capi-
llaries were no longar thickened and the degree of prolifera-
tion was less than had besn noted in the initial biupoy. The
creatinine cleavance was 30 mi/min and the serua creatinine
vas 3.6 mg/100 cc.

Repeated evaluation of the peripheral piasma renin
activity demonstrated vsiues below 1000 ng/100 c¢ in contrast
to the initial value of 5000 ng/100 cc during the initial
hospitaiization.

The patient was then seen &t monthly intervals. She
maintained a normotensive blood pressure in the upright posture
and a2 minimm degree of hypertension was recorded only occa-
sicnally in the supines posture. The medication was continued
rigidly by the patient, Thirteen months afier initial treat-
ment the patient's blcod urea nitrogen vas 42 mg/100 cc and
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Malignant Phase of Hypertension - Schwartz

serun creatinine was 2.9 mg/100 cc, and the creatinine clear-
ance vas 35 ml/min. PFigure 6. Tho patient has maintained
full employment in the capacity of laboratory technician.

The antihypertensive prescription at present is: furosimide
80 mg twice daily, hydrelazine 100 mg four times daily, alpha

G et AL W B E M i 2 g

3 methyldopa 500 mg four timos daily.
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I 12. 6. Summary of patient’s chinical course and tr~atment.
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URINARY I'RACT INFECTION
lts Diagnosis and Significance
CPT Michacel R. Conger, MC*

The role of urinary tract infection in the evolution of
significant rensl disease is a subject of fervent current in-
vestigation. The significance of asymptomatic bacteriuria is
hotly Jjebated. This paper wiil attempt to clarify why there
is a cisparity of thought on this subject and bring the presently
known facts together so that the reacer will be able to appraise
critically future references to the topic.

Dzagnosis of unnary tract infection

There is nc problem ciagnosing urinary tract infection in
the patient with fever, flank pain, .ysurie, ana pyuria. The
problem lies in deterrining the significance of symptcms with
a normel urinary sediment or bacteriuria in the absence of
symptoms. TAFLE I outlines a few commocn reasons for the mis-
disgnosis of urinary tract infections.

A {requently confusing problec: is the fineing of pyuria in
a "routine™ urina.ysis. Although this fincing shoul:z alert one
t> a =iagnosis of infection, pyuria can occur in the absence of
bacteriuria. TABLE II nutlines the nonbacterial csuses »>f pyurisa
which must also be consicered when it is ciscovered. When urine
cultures are sterile in such instances (or have an insignificant
pacterial growth), genitourinary tract tuberculosis should be
consicered and excluced by cbtaining at least three morning
urines for Ziehl-Neelson staining cond cultures.

* Present address Dcpartment of Surgery . Wemach Army Hospital, Fort Bragg. North Carolina
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TABLE]

REASONS FOR MISDIAGNOSIS OF URINARY TRACT INFECTION

4

!
'i

-+PYURIA 5 WBC/pr SPUN URINF)
occurs only in SO percent of women with asymptomatic
hacteriusia
occurs in the absence of bacteriuria

-+“WBC CASTS™
may come from prostate

~+POSTERIOR URETHRAL INFECTION
may occur in patients withovt bacteriuria

-DYSURIA
may not mean biadder infection even with 1000- 16,000
orgamisms per miltiiter

~+BACTERIURIA
exists asymptomatically
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TABLE HI

NON-BACTERIAL CAUSES OF PYURIA

Jore FESES > SIS 14 Bt SR ML P B ] A arans ek

GLOMERULONEPHRITIS
LUPUS NEPHRITIS

RENAL TUBULAR CELLS MISDIAGNOSED
AS WHITE BLOOD CELLS

BLADDER TUMORS
URETHRITIS (Tnchomonac)
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Urinary Tract Infection - Conger

Although glomerulonephritis or lupus nephritis cause pyuria,
they should be apparent from other clinical manifestations.
Renal tubule cells resemble white blood cells but cen be dirf?r
entiated from them by the use of peroxidase stain (Sedi-stain R5).
Bladder tumors should be considered as a cause of pyuria when the
patient is past forty or has a history of exposure to anilene dyes
or heavy cigarette smoking. Urethritis without infection of the
urine can often be con“irmed by comparing a two-part urine collec-
tion. Trichomoniasis as a cause of pyuria can be determined by
examination of the sediment and recognition of the organism. It
is therefore apparent that symptomatology and urinalysis may aid
in diagnosing urinary tract infection, but the urine culture is
still required to confirm it.

. Urine is normally sterile. It had been theorized that
showers of bacteria occurring normally could cause & low titer of
bacteria to appear in the urine via glomerular filtration. Stamey
and Pfau /1/, however, gave intravenous bacterial injections to
dogs without resultant bacteriuria. Thus there is strong evidence
that bacteremia does not induce bacteriuria in nonobstructed
individuals. Despite the known sterility of urine, it has been
shown that only two percent of women with sterile urine, as proven
by suprapubic needle aspiration, have a sterile midstream collec-
tion. Pigure 1. We are therefore obligated to develop some
ground rules for deciding the significance of a positive culture.
If the female perineum is meticulously scrubbed and a total voided
specimen contains more than 105 organisms per miliiliter, there is
an 80 percent chance that the patient has a urinary tract infec-
tion. Two such positive specimens gives a 91 percent chance that
the patient is infected, and three such cultures gives a 95 per-
cent chance. /2/ Realistically, however, waiting for two or three
consecutive procedures to approach a respectable range of error
represents a serious time delay as well as additional expcnse.
Also, this statistical presentation does not tell one how many
people with less than 105 bacteria have significant infection and
many physicians have misinterpreted these figures to mean that
no one with less than 107 organisms per milliliter has a signifi-
cant infection. Stamey and Pfau /1/ list three alternatives to
the total voiding cultures which can avoid these problems:

(1) suprapubic needle aspiration of the bladder, (2) midstream
urine specimen collected on lithotomy table after nurse cleans
the perineum, and (3) catheterization of the bladder.

Present Concepts, Vol IV No 9, September 1971
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26/54 cultures
contained Gram-
negaftive bacilli
40} 38.9 —
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Bacteria per ml,

lig 1. Midstream bacteral counts in 54 females wath stenile suprapubic bladder asprrations. [11/
{Reproduced by permission of the authors and The Williams and Witkins Co.. publichers.)

Needle aspiration of the bladder is safe, offers a 95 per-
cent confidence level for obtaining sterile urine, and is pain-
less, but =may be emotionally distressing to the patient. Stamey
and Pfan /1/ suggest that ccllecting a midstream specimen from
a patient on a cystoscopy table after a trained nurse has
thoroughly cleansed her perineum is nearly as efficient (g5
percent confidence level). Figure 2. This is not practical for
zost physicians, however. Although catheterization is an accurate
way of diagnosing urinary tract infections, there is the risk cf
causing an infection. The risk is reasonably small in outpatients
without a urinary tract abnormality, but in any hospitalized
patient the incidence of infection is high -- as high as 20 per-
cent on a medical ward according to one report. /3/ If a patient

Present Concepts, Vol IV No 9. September 1971
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: needs catheterization because of obstruction it shoul i not be 3
: avoiced, but to use a catheter for diagnosis may lecd to a Z
: morbi ity of its own. :
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' Fig. 2. Midstrcam cultures voided from cystoscopy table in 151 females with stenle suprapubic bladder 3.‘
3 aspations /11, (Reproduced by permission of the guthors and The Willams and Wilkins Co | publishers 3
¥ 3
3
\ For normal use, a midstream specimen after the patient %
clearses the perineum woulc seem to be the best method if the 3
E: -atient is reliasble. Resuits should probably be confirmed by i
K - secona specimen. If patient displays poor hygiene or is unabie §
p: . to foliow instructions, a midstream collection following a perireal 3
E: scrub by a nurse woula be acvisable. A suprapubic needle aspira- 3
' tion woull be a reasonable alternative and should be considered in 5
= ~ 3 3 i 3 H
= cases where the diagnosis is questionable by other means. i
%
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Urinarv Tract Infection - Conger

In determining the significance of a colony count, despite
the care (or lack of it) with which the specimen is collected,
one snould be cognizant of the type of organisms cultured be-
cause lactobacilli, streptococci (except enterococci), and
staphylococci (other then in disbetic patients) are usually
contaminants. Such organisms when present in large numbers
generally signify a poorly collected specimen and call for
another carefully obtained specimen. Some pitfalls must also
be avoided which might falsely lower a significant urinary
becterial count, such as antibiotic therapy, hydration, frequency
of voiding, fastidious organisms, and contamination of the speci-
men by soap.

Significance of Urinary Tract Infections

The incidence of bacteriuria in variocus population groups is
well-established. It varies from four percent in males seen in
the medical outpatient department to almost 10C percent in patients
with indwelling catheters for over 96 hours. /9/

The rarity of bacteriuria in young males has been documented
by Kunin's work /S5/ in which he reported orly two positive cultures
in 7,731 boys and young men, 1,116 of whom were between the ages of
15 and 29 years.

To enable one to estimate prognosis and jucdge the effect of
therapy, urinary tract infection has been conveniently divided into
four categories /6/: (i) uncomplicated acute urinary tract infec-
tions, (2) complicated acute urinary tract infections, (3) asympto-
matic bacteriuria of unknown duration, and (4) chronic bacteriuria.

Acute urinary tract infecticn may often be self-limited but
should be treated because in a few instances it is followed by
chronic bacteriuria. With repeat episodes cf infection a thorough
evaluation should be undertaken and all young men should have a
complete urologic evaluation at the time of their first episode.
Complicated urinary tract infections are acute episodes and a
structural abnormality is present. The infection will not usually
be cured until the anatomic defect is corrected.

Present Concepts. Vol IV No 9, September 1971
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Asymptomatic bacteriuria is usually a problem of females
and g careiful history will often reveal previously undescribed
symptoms of urinary tract infection. A number of these patients
will alsc go on to develop subsequently syvmptomatic infections.
Chronic bacteriuris means pcrsistent bacteriuria with repeated
symptomatic intervals interspersed with asymptomatic intervels.
Many of these patients have an associated obstructive uropathy.
These infections are often resistant to treatment for a number
of reasons including resistant bacteria, cobstruction, renal
calcuii (which are a constant reservoir of infection), emergence
of antibiotic-resistant mutanis, and an environment unfavorable
to antibiotic action in the renal parenchyma. The possibility
that local and humecrel mechanisms in the kidney are not favorable
to eradication of the infection may als account for the failure

of adequate treatment.

The Danger of Chronic Infection

It is an inherent quality of physicians which makes them
want to treat and eradicate any pathologic condition. The
presence of asymptomatic or chronic bsacteriurie is a prime
example of such a situation, but workers in this area zre having
difficulty ueciding whether or not the mere presence sf bacteria

in urine is cangerous.

There is no indication that chronic bacteriuria coes any
permanent damage to the urethra or to the bladder, however, a
great Jdeal of controversy revolves around whether or not chronic
bacteriuria leads to chronic pyelonephritis. The controversy is
made almost vnresolvable by a complete lack of agreement on a
definition of pyelonephritis as reflected in the comment by

Petersdorf and Turck /6/:

. . . Nephrolngists tend to equate pyelonephritis

a disease characterized predominantly by tubular
dysfunction that eventuates in uremia; uroliogists
think of pyelonephritis in terms of obstructive
uropathy and vesicoureteral reflux as forerunners

of infection; pediatricians think of pyelonephritis
as a disease associated with congenital abnormalities
that lead to repeated infecticns, failure to thrive,
and renal insufficiency; ani pathologists are still
struggling with the problem of how to deline the

Present Conceprs, Vol IV No 9, Sepiember 1971
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aisease morphologically and to establish a rela-
tionship between a specific histologic picture
and a variety of pathogenic stimuli, including
enalgesic ingestions, irradiation, potassium
depletion, hypertension, anc¢ infection.

It .s known that a large percentage of pregnant women
with untreated bacteriuria will develop acute pyelonephritis.
Savage et al /7/ reported that 26 percent of those untreated
versus zero percent of the treated women in a double blind
study developed acute pyelounephritis before the termination
of the pregnancy. Therefcre, a strong recommendation for
treatment of bacteriuria in pregnancy is made especially to
prevent acute pyelonephritis. An assnciation with prematurity,
perinatal death, and toxemia has been suggested; but this demancs
further stuay. /7,8,

Studies /9-11, have shown that approximately S0 percent of
patients with recurrent bacteriuria have culturable bacteria
obtainable from the ureter. Renal pelvic bacteriuria has been
taken by many to mean that this is consistent with chronic
pyelonephr. tis, but this has never been proven. Stamey and Pfau /1’
prefers to call this "pyelitis”.

There is a gdefect in the concentrating ability of the
kidney in chronic pyelonephritis. TABLE III. A similar defect
has been demonstrateé in cases of rensl bacteriuria and, more
importantly, this defect existed oniy on the bacteriuric side
in patients who did not have renal bacteriuria bilaterally.

This concentrating vefect improves following eradication of the
bacteriuria. ‘12, Some people consider this evidence for chronic
pyelonephritis. however, this is merely "guilt by association”.
According to Stemey ana Pfau /1. no ore has proven that bacteria
in the renal peivis lead to chronic destruction of renal tissue.
Both chronic pyelonephritis and pelvic bacteriuria could cause &
defect in concentrating ability.

Hemagglutination studies demonstrated higher titers of anti-
bocies to bacteria in cases of acute pyelonephritis than they do
in cystitis. The persistence of antibody titers is also cbserved
in patients with chronic pyelonephritis from whom bacteris carrat
be cultured. /7,13/ Guttman et al /1l4/ siowed that ir 57 patients
with sterile urine and chronic pyelonephritis, 1i had bacterial
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3 variants in Ltheir urine. These varients which are aifficuit E
2 to culture coul: explain the existence of titers in patients §
without culturabie bacteria but whether or not this is related 3

x tu chronic pyelonephritis is yet to be proven. i
3 TABLE 1l 3
I CONCENTRATING ABIL{TY IN MiLLIOSMCLES*
3 Right Kiancy Left Kidney V
3 BLADDER 3
E BACTERIURIA 936.1 918 i
Infected Kidney  Nondnfected K
% Kidney 3
3 RENAL 5
5 BACTERIURIA 675 875 g
; - 3
E initial After 3
3 ‘ Irradication 3
AFTER ;
5 {RRADICATION :
OF INFECTION 731 62 3
*Adapted trom Ronatd, ctal: Ann Intern Med 70:723-733, 1969 f
d Stamey anc Pfau /1° believe that the only way to determine z
H the existence of pyelonephritis is by intrevenous urograms that 3
E snow aestruction of the renal cortex. A recent intravenous %
3 pyelograph stusy in two parts, /15,16/ done in Wales showed no 3
$- eviaence of chronic progressive pyelonephritis in 93 women with 3
5 chronic bacteriuria, 50 percent of whom were over the age of 45 3
3 vears. Aoki et al /17/ showed by immunofluorescence the presence §
X in the kicdney of bacterial antigen in six of seven patients with z
k. ’ "a bacterial" pyelonephritis. Again there is no proof that this 3
g leads to chronic pyelonephritis. A point against its leading to g
3 chronic pyelonephritis was mace by Sanford and Barnett /18/ when 3
: they showed that the existence of antigen following acute pyelo- j
3 nephritis in rats aid not leaa to progressive scarring and loss H
: of tissue. 3
3 §
Even though bacteriuria is ten times more common in rerales z

than in males, this sexual predorinance is not seen in chronic i

pyelonephritis. This woula point away from bacteriuria as a :

s
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cause of chronic pyelonepnritis. /1/

it

Freedman /19/ in an autopsy review, found 64 cases of

3 chronic, nonobstructive pyelonephritis. Only 15 of these cases
£ aied with uremia, and of these 15 only one had a history of
urinary tract infections during life, and only twc had positive
cultures prior to the onset of uremia.* Fourteen of the 15,
however, had a history of cther disease predisposing to renal

=Y

ST AR ALY

disease.
- COMMENT
:i The majority of the current evidence points toward the
4 fact that bacteriuria has little to do with the development of

hidee

chronic renal disease, however, future work shoula always be
considered with an open mina.

* Tl nught suggest thst “abactenal™ pyclonephntis, ic. an immunologic phenomcenon, 1s an impoeriant
factor 330
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MANAGFMENT OF ACUTE INTOXICATION WITH BARBITURATES,
HEROIN AND LSD

LTC James H. Shinaberger, MC USAR®

BARBITURATE INTOXICATION

Barbiturates remain the drug most often reported as the
cause of polsoning in adults in the United States. A fairly
recent estimate suggests there are more than 15,000 hospitali-
7ations and 1,000 deaths anmually from such intoxications.
Bacause of the current drug culture evolving in the ccuntry
and particularly in our own community, this is probably a
gross underestimation. In addition to the former classical
case of acute massive ingestion for suicidzl reasons, a new
class of overdose problem 1s being seen in greater mmbers,
These are the chronic barbiturate abusers who regularly take
15 to 20 "reds" or "yellows" per day and who are seen as acute
overdose problems when they abruptly increase their intake to
30 or 40 capsules in a given day, either through despondency
or actual error in judgment in calculating the dose required
to produce the dssired effect. Presumably because of tolerance
or enzyme induction, these intoxications tend to take a milder
course, but their treatmont is complicated by the possibility
of the potentially lethal barbiturate withdrawal syndrome if
the background of chronic abuse is unrecognized. The signs
and symptoms are given in TABIE I.

Ticatment

Necessary treatment for mild intoxicatiors as in recent
ingestion or low dosage may be only induction of emesis (if
the patient is alert) or lavage and observation if the patient
is only mildly depressed. Enesis may be induced by injections
of apomorphine, 0.07 mg/kg of body weight. Emesis is more
effective if the stomach contains liquid. Nalorphine should
be immediately accessible in the event that apomorphine produces

*Cheef, Hemodialyas Unit, Wadsworth Veterans Adminictsation Hospital, 1 os Angeles Cahifornia
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respiratory depression. If lavage is done, it will be most
effective if 2-3 liters of salire containing a slurry of at
least 1 gm/kz activated charcoal (powder, not tablets) is

used. The charcoal quantitatively absorbs the drug and pre-

vents ‘s absorption by the gastrointestinal tract. Following

lavage J-90 ml of castor oil is instilled into the stomach.
The lipid soluble drug is selectively dissolved into the non
absorbeble oil which removes the remainder of the drug from
the bowel. In the presence of even minimal depression, oil
instillation should not be done unless a cuffed nasotracheal
tube is in place and inflated.

Ary patient who will tolerate an endotracheal tube
requires it. The cuff should be deflated 15 minmutes every
2 hours, and tracheobronchial suctioning with aseptic teck-
nique should be faithfully performed as frequently as neces-
sary. With any degree of hypoventilation and certainly if
the p02 is 70 mm Hg or less, mechanical assistance should be
provided. A head down position and frequent turning help
prevent atelectesis. With prolonged coma, aspiration or
bacterial pneumonitis is comzon and tests for this should be
frequent. Gram-negative infections are common. A simple
cxygen saturation test has recently been described which will
detect aspiration pne:monia before clinical or radiological
findings are present. Maintenance of adequate airway and
ventilation is the single most important aspect of sedative
overdose management.

Hypotension

Barbiturates and most other sedatiwves produce vaso-

dilation and relative hypovolemia. Surprisingly large amounts
of plasma expanders may be required to produce a normal central
venous pressure (CVP), tissue perfusicn and glomerular filtra-

tion. Vasopressors, preferably with inotropic action should
be used rarely and only when it is certain that effective
circulating plasma volume is normal. If renal perfusion is
adequate blood pressures somewhat lower than those usuelly
considered normmal are acceptable in the comatose, totally
relaxed patient.
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Hy pothermia

Revarming to preven* ventricular fibrillation is indicated
if body temperature falls to 32 C.

Forced Diurests

Witn the exception of phencbarbital, the barbiturates
have pK values higher than physiological pH and are not ex-
creted in the active form in significant amounts in the urine.
The excretion of phenobarbital (pK 7.2) can be significantly
increased by forced alkaline diuresis provided the urinary pH
is maintained above this level. The excretion of short-acting
barbiturates can be increased about 20 percent by forced os-
motic diuresis. The increased clearance is relaied to the
increased urine flow, Since flow rates above 100 ml/hr are
required, careful attention to replacement of electrolytes ic
necessary. An additional 40 ml/hr should be given for insen-
sible loss (less if on respirator, more if fever is present).

Dialysis

Peritoneal dialysis is relatively inefficlent for removal
of barbiturates, but is occasionally necessary in children.
Hemodialysis should be considered when the following factors
are present: (1) the patient is elderly, (2) there are com-
plicating diseases, (3) failure to improve with conservative
management, and (I.S blood levels are 3.0 mg/100 cc short-acting
or 7 mg/100 cc long-acting. Hemodialysis is somewhat 1less
effecti7e for short-acting barbiturates and dislysis with
1lipid dialysate may be considered. If dialysis is elected,
careful attention to all of the general supportive measures
must be maintained throughout the procedure.

Psychiatric Assistance

The most important time for the psychlatric evaluation
and therapy is immediately after awakening.

Present Concepts, Vol IV No 9, September 1971
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CHRONIC BARBITU RATE ABUSHE

THE BARBITURATE ABSTINENCE SYNDROM!

Chronic barbiturate abuse has become extremely widespread
and a special note regarding the barbiturate abstinence syn-
drome ia included because of its medical importance. Barbi-
turic acid was synihesized in 1863 and barbital was intro-
duced into medical practice in 1903. Chronic intoxication
and convulsions upon withdrawal were described in Germany as
early as 1905. Subsequent reports of barbiturate dependency
vent unheeded until the studies of Isbell and co-workers in
1950 who did controlled experiments in man which demonstrated
conclusively that the abuse of barbiturates can induce physical
dependency. The intoxication syndrome resembles alcoholic
intoxication and is characterized by lethargy or somnolence,
wide-based staggering gait, nystagmus on lateral gaze, slurred
gpeech, impeired judgrment, and emotional lability. The
abstinence syndrome is far more serious than the abstinence
syndrome of opiate addiction, MNot only are convulsions and
temporary psychosis liable %ic develop, but death may occur.
Minor abstinence manifestations inciule apprehension, muscular
weakness, tremulousness, postural fainting due to postural
hypotension, gastrointestiral disturbances and muscular
twitching. Major manifestations include one or all of the
following: generalized tonic-clonic convulsions, psychotic
delirium, fever, and death. Up to 100 mg of pentobarbital
per day can be taken safely without developing major absti-

nence manifestatior . Above that level, the percentage of
incidence of major withdrawal abstinence syndrome varies
directly with increasing daily dose. Convulsions may develop
as early es 16 hours, but usually occur or the second or third
day of withdrawal. The development of temperature above 101 F
during withdrawal is an indication for vigorous treatment.
Diphenylhydantoin has never been demonstrated to offer pro-
tection from barbiturate withdrawal seizures. Abrupt with-
draval from meprobamate, glutethimide, methyprylon, ethinamate,
ethchlorvinyl, chlordiazpoxide, and diazepam has been reported
to result in grand mal seizures, psychotic behavior, or both.
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Munugement of Drug Abuse  Slunaberger I

Recently 3mith and Wessor’ have proposed a safe method
for barbiturate withdrawal. Basically, the daily dose of
barbiturate, which is practically always secobarbitali or
pentobarbital, i:s estimated by history from the abuser. This
is usually from 500 to 3000 milligrams. Each 100 mg of short
acting barbiturate is equated to 32 mg of phenobarbital and
this is given as total daily dose divided into four doses
which are somewhat higher in the evening than in the mornings.
After two days of stabilization and close observation, the

AN M A

POV SRy )

total daily dose is decreased by 30 mg per day. If symptoms ;
develop during withdrawal an injection of 200 mg of phenc- :
barbital is given immediately and the decrease in dosage is

discontinued until withdrawal symptoms have subsided.

YU

Vicabeit H, Alschu! S, Koraetsky C, et al- Chronic barbiturate intoxication. Ap cperimental study.
, Arch Ncurol Psychiar 64:1-28, 1950
~Smith DL, Wesson DR Phenobarbitol technique for treatment of barbiturate dependency.

Arch Gen Psychiat 24:56-60, 1971
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HEROIN OVERDOSE

Severe overdose may be almost instantly fatal and is not
amenable to treatment. Overdose produces pimpoint pupils,
depressed blocd pressure and respiration, coma, shock, and
pulmonary edema. Diagnosis usually easy from "tracks" or
evidence of "skin popping”. The signs and symptoms are listed
in TABIE I.

Treatment

Immediate injection of nalorphine 2-10 mg (if no veins
are usable, inject into sublingual venous plexus). Repeat
as often as necessary to prevent recurrence of apnea or hypo-
tension. Response 1s judged by dilation of pupils. Hypotension
may require plasma expanders and pressors. These patients
should be observed for at least eight hours because pulmonery

Present Concepts, Vol IV No 9. September 1971 (
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edema may appear later and be fatal. Treatment consists of
diuretics, oxygen, tourniquets, and occasionelly digitalis.
The precise etiology of the pulmonary edema is unknown.
Theories include: (1) overdosc of the common adulterant
quinine, (2) particulate thrombo-embolism, (2) hypoxia,
and (4) anaphylactic reaction with lung as target organ.
Addicts are also susceptible to staphylococcal preumonia ard
endocarditis, It should be remembered that the nalorphine
used in treatment may produce an abrupt withdrawal syndrome
which may require treatment.

LYSERGIC ACID DIETHYLAMIDE (LSD)

Making a diagnosis on basis of history of L3D ingestion
is risky since much of what is sold as LSD 1s actually phen-~
cyclidine (sernylan), strychnine, amphetamines and atropine.
TABIE I includes typical signe and symptoms. L3D ard other
hallucinogens induce a hypersuggestible state that cen be
exploited by reassurance. Hyperactivity can be contrclled
by "talking the patient dowr.". Urge the patient to keep his
eyes open since this usually decreases the panic and hallu-
cinations. Although the phenothiazines are useful when
sedation is necessary, their use can be hazardous when an
antichclinergic drug has been mixed with the LSD as severe
hypotension can be produced. TABIE I, Fxcessive dryness
of the mouth and absence of sweating are clues to possible
adulteration with anticholinergics. If an M"anticholinergic
crisis" is produced by treatment with phenothiazines, 2-4 mg
physostigmine given intramuscularly and repeated as ofien as
necegsary may reverse the crisis. It may be safer to use
parenteral Librium@ or Valium® and te reiy heavily on reas~
surance,
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