
..

Staff Meeting Bulletin
Hospitals of the » » »

University of Minnesota

Miliary Tuberculosis

Volume XU Friday, January 10, 1941 Number 11



Volume XII

STAFF MEETING BULLETIN
HOSPITALS OF THE • • •
UN:rvERSITY OF MINNESOTA---_._-----_.
Friday, January 10, 1941 Number 11

INDEX

I. LAST WEEK . . . . . . . . . . . . . . . . . . . . . . .
PAGE

184

II. MOVIE . . . . . . . . . . . . . . . . . . . . . . . . 184

. .' . . . .

III. ANNOUNCEMENTS

JUDD LECTURE

GUEST FACULTY 0

184

184

184

. . . . . .
• • • • •

o 0

o 0

o 0

• • • • • • • •

o •o • 0

. . . .• 0 •

o 0 •

o 0 0MARRIED 01.

2.

IT. MILIARY TUBERCULOSIS 0 • • 0 .0 Frank Gratzck 0 • • • 185 - 198

V. GOSSIP......... ••••••••••••••• 199

Published for the General Staff Meeting each week
during the school year, October to May, inclusive.

Financed by the Citizens Aid Society.

William A. O'Brien, M.D.



184

I. LAST WEEK

Date:

Place:

Time:

December 20, 1940

Recreation Room
Powell Hall

12:15 - 1:15 P.M.

Ramon Castroviejo, Columbia University
C011ege of Phys ic ians and Surgeons 1

New York City~

Albert D. Ruedemann, Cleveland Clinic.
Derrick T. Vail, Jr" University of

Cincinnati College of Medicine.
Robert Von del' Heydt, Rush Medical

College, University of Chicago.

Hospital AdministrationProgram: Movie: "Sea Scouts"

Staphylococci in Urine
Milton Levine
W. P. Larson

Discussion
Wesley Spink
Gerald Evans

Present: 115

December 27, 1940 - Holiday

January 3, 1941 - Holiday

GertrudeGunn
Record Librarian

- Jan. 27 
Feb. 1, 1941,

Arthur C. Bachmeyer, University of
Chicago.

Nellie J. Gorgas, University of
Chicago.

Malcolm T. MacEachern, American
College of Surgeons, Chicago.

Jos. C. Norby, Columbia Hospital,
Milwaukee.

C. Rufus Rorem, American Hospital
Association, Chicago.

Stanley S. Seeger, Columbia Hospital,
Milwaukee.

Uterine Bleeding - Feb. 3 - 5, 1941,
George W. Bartelmez, University of

Chicago.
Ralph A. Reis, Northwestern University.

II. MOVIE

Title: "M!'. Duck Steps Out"

MARRIED

ANNOUNCEMENTS

Owen H. Wangensteen, M.D.

3. E. STARR JUDD LECTURE

The eighth E. Starr Judd lecture
will be given by Dr. A. C. Ivy, Nathan
Smith Davis Professor of Physiology
and Pharmacology at Northwestern Medical
School, Wednesday evening, January 15,
8:15, in the Medical Science Amphitheater.
Subject: "The Mechanisms of Gastric Se
cretion." Dr. A. C. Ivy.will conduct a
seminar discussion Thursday morning,
January 16, at 9:30 on "Practical Aspects
of Applied Physiology of Gastric Secre
tion" in Eustis Amphitheater. Anyone
interested is cordially invited.

R-K-O

Evelyn J. Celine (Pediatrics)
and Lincoln A. (born on Feb. 12)
Thomas, Christmas Day, 1940, at
Minneapolis.

Released by:

III.

1.

Congratulations~

2. GUEST FACULTY
Center for Continuation Study.

Ophthalmology - Jan. 20-25, 1941.
Thomas D. Allen, Rush Medical College,

University of Chicago.



IV. MILIARY TUBERCULOSIS

Frank Gratzek

MiHary lesions in the lungs ,widely·
distributed, are most frequently the re
sult of the hematogenous dissemination of
tubercle bacilli. While there are other
diseases such as capillary pneumonia,
obliterative bronchiolitis, carcinomatous
metastases, silicosis, and certain fungus
infections which also produce Widely
distributed, numerous small sized nodules
in the lung, tuberculosis is the most im
portant etiologic factor. The subject of
miliary tuberculosis is ancient but pre
sents certa.in nel-ler phases which are of
interest. A sharp division should be
made bGtween tho acuto and chronic forms
as their cHnjcal manifestations, patho
genesis and roentgenologic appearance
produce many differences.

1. Acute MUiary Tuberculosis

Definition

An acute infectious disease, excited
by the prosence and growth of the bacH
Ius of tuberculosis, presenting a char
acteristic inflammation in the form of
miliary tubercles, more or loss widely
distributod throughout tho tissues of tho
body.

Historical

Franciscus Sylvius (1614-1672) gavo the
first d.escription which enJ-ightened the
basic nature of the disease, clinically
long-·known as phthisis (the wasUng away
dioease). The condition had been well
described clinically in the earliest works
of Hippocrates and his co-workers (1j.60
377 B.C.) although other pulmonary dis
eases were often confused with phthisis or
mistaken for it. Galen recognized the
contagious nature of tube~culosis, and it
is known that many of his patients were
given climato and agro-therapy, when they
were sent to the S1L~y slopes of Vesuvius.
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Early Pathology

Sylvius, in doing a numoer of autop
sies, was impressed by the repetition of
mostly small, rounded, whitish-gray
bodies in the lungs of patients who in
life had bean diagnosed as haVing
phthisis. He decided that these small
spheroids wero the underlying anatomical
basis of phthisis, and he callod them
"tuberclos," a term used at that time in
Latin medicine to represent a small
swelling or nodule, and he concluded
that the pus in these lesions was the
same as that which was expectorated by
the patients.

In 1810 Bayle, a French investigator
and a co-worker of Laeunec, published
his "Researches on Pulmonary Phthisis,"
basing his findings on several hundred
autopsies on tuberculous patients whom
he had followed during their disease; he
described (1) the phthisis tubercle,
(2) phthisis granulare, (3) phthisis
calcifique, all of which are processes
well understood in tuberculosis today.
Bayle died in 1816, the year Laennec in
vented the stethoscope with which he
first analyzed and named the various
signs of pulmonary tuberculosis.

In 1882 Robert Koch's discovery of
the tubercle bacillus clarified many
misconceptions as to what actually was
the causative agent in pulmonary tuber
culosis and eventuated into extensive
research and voluminous articles on the
various stages and pathological forma
tions in the disease together with a
description of the definite actions of
the organism and reactions of the host.
This also involved the various avenues
of dissemination of the disease organ
isms and today we accept these and
understand them to be the bronchogenous,
lymphogenous, hematogenous, and direct
avenues of spread.

Homatogenous or miliary dissemination

Villemin in 1865 showed that active
tuberculosis can develop in animals
when they are injected with the blood
of tuberculous patients not ill with
miliary tuberculosis. Wilson, a British



author, concluded in a 1933 publication,
that tuberculous bacillemia is rare in
the early stages of pulmonary and in non
pulmonary tuberculosis; it may be present
in 5 to 10% of advanced and progressive
cases of the disease and in 30 to 40% of
cases of miliary tuberculosis. In the
postmortem heart blood of patients who
have died of tuberculosis, examination
may be expected to reveal the presence of
tubercle bacilli in about 50% of the
cases. In about 3% to 4% of all deaths
caused by pUlmonary tuberculosis, an
acute generalized miliary dissemination
is found.

Rubin described three possible routes
by which tubercle bacilli may invade the
blood stream; (1) by direct extension from
a caseous lymph node along efferent lym
phatics to the thoracic duct and thence
into the venous circulation; (2) by rup
ture of a caseous focus directly into the
lumen of a blood vessel. Arteries are
believed to be more often eroded from
without, and veins are more apt to harbor
intimal tubercles or thrombotic masses
containing tubercle bacilli; (3) by
settling first in the subintima of a
blood vessel and producing an endangitis
and then invading the blood stream. Edith
Lincoln has stated that "intimal" tuber
cles are found most commonly at the
junction of small pulmonary veins, and
localize there when a few bacilli cir
culating in the blood stream are caught
in the eddy at the fork in the blood
vessel due to a slowing in the current,
where the bacilli may onter the intima
and proliferate.

Why in some cases tuberculous lesions,
in the lymph nodes or elsewhere, remain
entirely dormant during a life time and
in others may at intervals discharge
tubercle bacilli into the blood stream,
is an unsolved Question. It appoars
largely to depend upon the amount of
caseation, the opportunity for communica
tion with the blood stream, or the acci
dental injury or physical strain of an
individual which may be factors in pro
ducing a rupture of a caseous focus into
a vein and cause recurring dissemination.

Ghon, Kudlich and Schmiedl have shown
by the study of sorial sections that
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tubercle bacilli pass from tho primary
focus, which is usually situated in the
periphery of tho lung just under the
ploura, to the regional lymph nodes in
tho peribronchial and tracheal regions
from which regions the thoracic lymph
duct is reached and through this the
venous circulation. The focus from whicr
dissemination occurs may be found in
any organ.

At postmortem examination miliary
tubercles are most easily observed on
surfaces exposed by cutting in the lungs
and in the spleen. In the spleen
Malpighian corpuscles are usually very
prominent in young persons, and must
not be confused with tubercles.

Macroscopically visible tubercles
are of fairly uniform size and vary from
one to several mm. in diameter. Minute
tubercles are not visible macroscopical
ly, the liver usually being the site of
microscopic tubercles.

After the tubercle bacillus lodges
in the lung tissues, either in the
lymphoid spaces, capillaries, or inter
stitial tissues, a foreign body reaction
occurs consisting of epithelioid cells
and a few giant cells centrally, and
peripherally a few fibroblasts and
lymphocytes, forming a nodule seen micro
scopically..

Four main groups of cases of tuber
culous infection due to hematogenous
dissemination can be distinguished:
(1) the cases of the protracted form of
generalized dissemination which when
marked becomes a clinical entity;
(2) the cases of acute generalized
miliary tuberculosis; (3) cases in which,
as in those of renal or osseouS tuber
culosis, the predominant lesion is of
hematogenous origin but is not usually
thought of in those terms; and (4) cases
in which bacillemia may not be evident
and in which there may be no changes
on physical examination.

Sy!up t oms

In order to study more in detail the
symptoms produced by metastatic lesions
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Pulmonary Form

The primary symptoms in miliary tuber
culosis of the lungs may be insignificant.
There is usually a slight cough with
scanty expectoration from which tubercle
bacilli are usually absent} and the
physical signs may be limited to the
generally distributed} inconstant, sub
crepitant rales of a moderate general
bronchitis; dyspnea is always pronounced
and disproportionate to the apparent
involvement of the lung parenchyma. A
peculiar dusky pallor is strikingly
evident and the patient presents an
anxious} distressed appearance which is
most characteristic.

The onset in children may be abrupt
follOWing pertussis or measles. Rusty
sputum} or even pulmonary hemorrhages
may occur, confusing the picture with
that of a true pneun~nia} but the symp
toms become progressively more pronounced
and tho crisis docs not occur. Prostra
tion increases, the dyspnea and cyanosis
become morc severe} tho early signs of
general bronchitis merge into thoso of
pulmonary edema and death ensues in a few
waeks.

Tuberculous meningitis may occur as
an acute infection ushered in by rigors,
nausoa and vomiting} with sharp eleva
tion of temperature. Usually, however}
there are prodromal s~nptoms. In adults
these may be increasingly obstinate
insomnia} or persistent dull headache,
frontal in type with some photophobia} or
the headache may be occipital or general.
Tuberculous meningitis occurs in one-half
of the cases of miliary tuberculosis.

Cerebral Form

The Mantoux test is almost alwa;;rs
negative in all types of acute miliary
tuberculosis.

The most characteristic lesions of the
protracted homatogenous dissemination of
tubercle bacilli} when the condition is
at its height clinically} are marked
panadanitis and pensarositis.

of acute general miliary tuberculosis}
the cases may be groupod into: (1) the
typhoidal infection, (2) the pulmonary
form, where the pulmonary symptoms pre
dominate, (3) the cerebral or cerebro
spinal form} when tuberculous meningitis
is present} and (4) the intermittent
form} where the symptoms are more pro
tracted.

Typhoidal Form

In the so-called typhoidal form the
disease presents much marc clearly tho
picture of a general infoction} since
during the course of the disease symptoms
indicativa of any localized lesion may
be entirely lacking. It is morc frequent
ly observed in adult life and may develop
acutely in persons apparontl;yr in normal
health or in those recognized as tuber
culous. Tho onset is commonly insidious
and protracted and only malaise and
progressive weakness, with fover, are
notable. As these symptoms become more
pron01m~ed, some headache, a slight
bronchial cough, and a dull or apathetic
mental condition with considerable ele
vation of temperature and acceleration
of pulse are observed. The fever is
apt to remain high continuously, 1020 

1030 F., with slight daily remissions.
The spleen is frequently slightly enlargod
and there is a leukopenia; the skin
sometimes presents pale reddish spots
resembling typhoid rose spots. Consti- In children an insidious onset is
pation is noted as a rule} the tongue is marked by restlessness and irritability
dry and coated, and the cheeks are flushed.and there is loss of appetite and weight.
With continued fever and progressive pro- 70% of meningitis in the first year of
stration, active delirium often occurs, life is said to be tuberculous. Tho
the heart action becomes more rapid and moro acute symptoms follow, freguontly
feeble, and death occurs in ten days to with convulsions and interrupted sloop.
throe weeks. Vomiting often is continuous, and con

stipation usual. Tho temperature may be
only slightly elevated, the pulse is rapid
and there is rarely" any respiratory dis-



turbance. Apathy and deliriuml follow,
and strabisuus sometimes occurs. Rigidity
and retraction of the neck, ffi1d tonic
spasm or paralysis of groups of muscles,
is frequently" noted.

Death occurs from exhaustion or
respiratory paralysis in from two to four
weeks after the time of onset.

Fulminant t;y~es of cases, as a rule in
adults, occur with sudden acute onset, and
terminate fatally in a few days.

Intermittent F01~

Here the period of illness is much
more protracted, the s~nptoms are not very
marked, and chills and considerable remis
sions of fever suggest malaria. For none
of them can an adequate physical basis be
found. Prostration, anemia and emaciation
are marked, and finally severe pulmonary
or cerebral symptoms develop which are
fatal.

The fever, tachycardia, fatiguo, loss
of appetite, and other such sJ~~toms are
probably due to the allergic reaction
which requires about ten days to three
weeks to develop, and is probably a sign
of sensitization to the protein products
of the tubercle bacillus. This is proved
by the fact that injection of dead tuber
cle bacilli, or their protein derivatives
will produce exactly the same symptoms of
toxemia.

Roentgen Findings

The rupture of a tuberculous hilar
lymph node into a blood vessel may flood
the pulmonary circulation with tubercle
bacilli which become lodged in the capil
laries of the lung parenchyma where an
inflammatory reaction occurs and may be
come visible on a roentgenogram within
seven to ten days. Occasionally several
weeks elapse before roentgen signs are
visible. This appearance presents usual
ly a symmetrical distribution of innumer
able opaque nodules, varying in size
from less than one millimeter to three rom.
in width, producing on a roentgenogram of
the lungs a "snowstorm" appearance.
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Suporimposition of several of these
shadows in direct line with the x-ray
beam intensifies the densities on the
film. The normal lung markings tend to
disappear and TIk~y become invisible.

Fluoroscopic examination may reveal a
uniform diminution in translucency of the
lung fields with poor aeration, and
diminution of tho movements of both
diaphragms. At times the fine granular
appearance of the tubercles may be visi
ble.

Later the lesions become intensified
and may coalesce, and the hilar nodes
show definite enlargement. The densities
in the lungs may be limited to certain
portions only.

The lesions may gradually retrogress
on roentgen examintions and no evidence
of the disease remain after a few months
to a year or the nodules may become
fibrosed or calcified and persist through
out life.

While the typical roentgen appearance
is well known, there are certain simu
lants of acute miliary tuberculosis which
are difficult to exclude on roentgen
examination alone.

Purulent bronchitis, often called
capillary pneumonia, may produco numer
ous small densities Widely distributed
throughout both lungs. Because such
patients may have cyanosis, tachypnea,
fever and other symptoms similar to mil
iary tuberculosis, the differentiation
may be difficult. Usually the nodules
are larger and more irregular, and there
is more tendency toward coalescence. In
certain cases, it may be necessary to
observo for several weeks with repeated
roentgen examinations to determine the
final diagnosis.

Miliary carcinomatous metastases may
also be confused whon they appear rather
acutely. Here the lesions are likely to
be more discrete, denser and less uni
formly distributed.

Silicosis of the nodular type is
usually differentiated by the greater
density of the lesions, the charactor-



isticcoalescent patches, and the absence
of fever and other acute sJ~ptoms.

Other stimulants will be considered
with the chronic forms.

The problem of the significance of
negative findings is even more pressing.
How soon after the onset of miliary tuber
culosis should the roentgen findings be
diagnostic? Or put in another way, in
the presence of symptoms suggestive of
acute miliary tubercluosis, do negative
roentgen findings tend to exclude the
condition as they do in the ordinary
chronic lesion? vlliile in most instances,
findings appear in a week or ten days,
it is readily conceivable that a small
number of tubercles of small size may be
present in the lungs for weeks without
giving clear manifestations of their
presence. To obtain some answer to these
questions 27 cases of proved acute
miliary tuberculosis seen at this hospital
during a ten year period were studied.

ANALYSIS OF UNIVERSITY OF MINNESOTA
HOSPITALS CASES

In the ten year period from JlUY 1,
1928 to July 1, 1938, of 73,864 admis
sions, 27 cases of acute miliary tuber
culosis were found, either on their first
admission or subsequently. This group
includes 16 adults between the ages of 22
and 73 years, and 11 children between the
ages of 9 months and 16 years. 17 were
males and 10 females. 13 of the males
were adults and 4 boys, whHe in the
female group 3 were adults and 7 were
girls. Only 1 patierrt, a 25 year old
Japanese engineering student, expired
from generalized miliary tuberculosis in
the Students Health Service Hospital over
a 16 year period, 1924· to 1940.

Out of the 27 University Hospital
patients 3 were Mexicans, one a male aged
38 years, and two children 18 months of
age, one having been exposed to active
pulmonary tuberculosis in the mother.

Pathology

Out of the 28 patients, including the
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Students Health Service case, who had
miliary tuberculosis, 26 died in the
hospital and 2 were taken home. 20 pa
tients' bodies were examined postmortem
and a generalized miliary tuberculosis
was found in each instance. 14 died from
tuberculous meningitis as a part of a
generalized miliary tuberculosis.

~toms and Duration

16 of the 28 patients complained of
cough as one of the primary symptoms.
The duration varied from 5 days up to one
year, but the majority of these patients
(12 in number) had a cough from 2 to 4
months previous to the time of admission
to the hospital. Dyspnea appeared less
frequently than cough and occurred pre
dominantly in tho adult group. Fever,
chills, headache, hemoptysis, loss of
weight, weakness and fatigue were s~~p

toms which were mentioned by some of the
patients, with the primary complaint of
cough.

The number of hospital days in the
primary pulmonary group varied. Ten of
the patients died within 8 days, two
wore taken home shortly after admission,
one patient had a milder form of miliary
tuberculosis for 31 days and developed
tuberculous meningitis, succumbing 7 days
later. One patient, a 13 year old female
was admitted with pleural effusion and
succumbed from tuberculous meningitis
after 108 days in the hospitalj a 49 year
old male was admitted with a tuberculous
enteritis and died 34 days later from
moningitis.

In the remaining 9 patients, one had
a tuberculous renal infection, two had a
tuberculosis of the kneej one was a
diabotic and latoral developed tuber
culous meningitis. One patient had
severe burns over a great portion of her
body and later died of tuberculous pleu
ritis and effusion, and the remaining 8
wore admitted with tuberculous meningitis.

Ton of the patients with genoralized
miliary tuberculosis had a leucopenia of
a moderato degree, their white blood
cell counts varying in some cases from



4,500 up to 6,700. Seven had normal white
blood counts and 10 showed a moderate to
a fairly severe leucocytosis varying bo
tweon 8,300 and 20,000 white blood colIs.

Roentgen Findings

Films were taken of the chests of 26
of the patientsj one patient was moribund
on admission and expired in a few flOurS
so no roentgen studies of the chest were
made. In 17 out of the 26 chests exam
ined roentgenologically, a diagnosis of
miliary tuberculosis was made. In 12
patients a definite diagnosis was made
and in 5 miliary tuberculosis was mention
ed as a probability. Other diagnostic
possibilities considered were bronchio
litis, miliary carcinomatosis, pulmonary
congestion, capillary pneumonia, pneumo
coniosis, and in cases where an effusion
or a consolidation was present lobar
pneumonia or bronchogenic carcinoma was
suggested as a diagnostic possibility.

In those cases where a diagnosis of
miliary tuberculosis was made on roent
genographic examination, the time which
elapsed from the onset of cough c!' dysp
nea to the time of first chest films var
ied considerably. The shortest period
which elapsed was 11 days in one pa
tient, 14 days in 2 patients, 17 days in
1 patient and in the remaining 12 patients
the duration of symptoms varied from ono
month up to one year before roentgen
examination of the chost.

In one patient no films of the chost
were made for 2 months before deathj
tho films up to that time were reported
negative, autopsy later revealing a
generalized miliary tuberculosis. The
chest films of 3 patients taken 2 days
before expiration were diagnosed as
pneumoniaj however, these patients were
in coma and portable films of the chest
were made which were quite unsatisfactory.
In one patient a diagnosis of tuberculous
pnoumonia was made 6 weeks after onset of
a tuberculous meningitis, autopsy later
revealing a miliary involvement of the
lungs.

In the case of the health service
patient all f1lms of the chest were made
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with a portable unit, the final being 17
days before expiration and, outside of
enlargement of mediastinal glands, it
was thought that the film was probably
negative.

It is apparent from this study that
in all chests that were examined with
the usual technique, a definite or pro
bable diagnosis of miliary tuberculosis
was made. The greatest cause for mis
~kon diagnoses was from inability to
cooperate on the part of the patient
when the films of the chest were taken,
or a masking of the miliary process by
an effL~ion or consolidation. Several
obVious difficulties in the roentgen
diagnosis of miliary tuberculosis there
fore are apparent. Discrete early
nodules n~y be present in a lung but
cannot be diagnosed on a film of the
chest even with the best cooperation of
the patient and under excellent technical
supervision, as overlying ribs or othor
structures may hide the lesions entirely.
Usually, however, the patient with acute
miliary tuberculosis is extremely ill
and unable to cooperate, or films must
be made at the bedside for clinical
reasons. In the usual instance, the
portable bedside unit must necessarily
be focused at a short distance (30 to
36 inches target film distance), increas
ing distortion tremendously, and the
time of exposure of the film ordinarily
requires two or three times the usual
one-tenth (0.1) second which is required
for the ordinary upright postero-anteriol
chest exposure at a six foot focal spot
distance. Under such circumstances, the
technical factors, added to the patient's
inability to cooperate can readily pro
duce unsatisfactory films. Even gross
consolidations or effusions are often
difficult to determinej minute early
miliary lesions usually become obliter
ated from distortion, or from the
respiratory movement of the patient,
resulting in the frequent negative or
questionably negative reports.

A roentgenogram shows shadows of dif
ferent densities but does not necessari
ly determine what produces these shadows.
Different lengths of exposure, varying
degrees of penetration, different meth
ods of development of the fil1l1s and



other technical variations may all pro
duce slightly different pictures of the
same chest. To attempt to make a diag
nosis from a poor film is very dangerous,
and the slighter the lesion the better
must be the roentgenogram. In the ideal
roentgenogram of a chest showing a miliary
tuberculous infection, one sees a general
ized mottling or speckli~~ extending to
the actual periphery of the lungs. When
the mottling has hazy cottony bordors (a
"soft" lesion), activity is suggested;
when the shadows are dense and clearly
defined thero is a suggestion of fibrosis,
but in roentgenologic stUdy, as in clini
cal examination there is no absolute
criterion of healing, or on the other
hand of activity. The importance of any
abnormal roentgon finding lies, just as
one evaluates physical signs, not in its
mere presence but in the interpretation
of its significance when taken in conjtmc
tion with the history and clinical symp
toms of the patient. A slight change
one day may be a gross change at a later
date and, conversely, a marked alteration
may retrogress and become slight or dis
appear. Frequent roentgen examinations
of the chest, thorefore, with sterooscopic
films at timos, are often necessary to be
absolutely certain of diagnoses of pul
monary conditions, and in miliary tuber
culosis this is extremely important be
cause of the rapid changes which usually
take place in the progress of the dis
ease.

2. Chronic Pulmonary Miliary
Tuberculosis

Definition

Chronic pulmonary miliary tuberculosis
is a hematogenous dissemination of the
tubercle bacillus by way of the lesser
circulation mainly, in contradistinction
to generalized miliary tuberculosis which
is a widespread dissemination of the
bacilli by way of both the greater and
lesser blood circles.

Historical

Wunderlich, Koenig, Cornet and others
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have reported cases of healed miliary
tuberculosis and 8igg and Burkhardt have
made similar reports with autopsy con
trols. Graw, Muralt, Klingenstein, Diel
and others were the earliest observers
in the last two decades to report cases
of hematogenous tuberculous dissemina
tions with serial roentgenograms showing
retrogression. James Alexander Miller,
from the Tremont Sanatorium in New York,
and Ma~ Pinner, from the Desert Sanator
ium at Tucson, Arizona, have contributed
much to our knowledge of the disease
during the last decade. Nalbant reported
thirteen cases of miliary tuberculosis in
253 cases of pulmonary tuberculosis in
children in the Maybury Sanatorium at
Northville, Mich. in recent years and
found that seven of these patients died,
three were fully recovered and three were
markedly improved after haVing been hos
pitalized for one year. Healing took
place by calcification of the numerous
foci of infection in one instance and by
resorption in the othors.

COl~ville and Harrison of California
in 1937 reported three cases of tuber
culous meningitis which had healed and
later disseminated causing a fatal menin
gitis, and concluded. that recovery occurs
in tuberculous meningitis only in individ
uals in whom a relatively small number of
tubercles form and in whom in-msion of
the meninges occurs early in infancy.
Healing may take place by complete resolu
tion or calcification.

Borel of France in 1920, Schouermann in
1929 and 1930, and Grethmann of the Belle
vue Hospital recently have made studies
of hematogenous tuberculous dissemination.
Zavod of New York finds that the majority
of cases of pulmonary hematogenous tuber
culosis occur most frequently in child
hood, and in young adults who were heaVily
exposed to tuberculosis during childhood.

. Sweany in a recent report of twenty
cases of calcifications in the spleen
followed the tuberculous development in
other organs of these individuals.

Pathogenesis

In the chronic protracted dissemination



of pulmonary tuberculosis the character
istic finding is extensive caseation of
the lymph nodes particularly of the
tracheobronchial group, which is usually
the result of an acute process developed
in childhood. The rupture of a caseous
node into a lymphatic vessel and the
passage of small numbers of tubercle
bacilli into the thoracic duct and then
to the pulmonary circulation, or the
erosion of a caseous node directly into
a pulmonary vein, may deposit enough
bacilli in the lung parenchyma to form
tuberculous nodules. The infectious
organisms, after invading the venous
blood channel pass thru the right side
of the heart and then by way of the pul
monary arteries thru the lung fields.
Few organisms enter the pulmonary venous
circulation to be carried to the left
side of the heart and to some distant
organ by the general circulation. The
number of bacilli disseminated in the non
clinical cases is necessarily small and
their virulence may be limited by the
resistance, allergy, and tissue immunity
of the host.

Pathology

The characteristic lesions of chronic
hematogenous pulmonary tuberculosis are
represented by productive tubercles
seeded into the walls of lymph and blood
vessels and into the interlobular and
alveolar septa. These are the so-called
interstitial tubercles which due to their
productive character remain covered by
unbroken intima or septal membranes.
They do not break into communicating
channels and generally show but a mild
tendency to coalescence and extension.
Instead, they tend to absorption and give
rise to much fibrosis. Residues of these
lesions are usually found in the upper
lobes in the form of localized or wide
spread pulmonary fibrosis associated with
calcification.

A very characteristic feature of
chronic hematogenous pulmonary tuberculo
sis is the predisposition of the peri
pheral subpleural zones to receivo most
of the repeated crops of lesions. It is
in these corticopleural zones where
coalescence and extonsion of the lesions
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are found most freCluently. From here,
extension is freCluent toward tho pleura
by involvement of the pleural layers,
hence the froCluoncy of pleurisy of
hematogenous origin such as tuberculous
pleural effusion in absence of pulmonary
tuberculosis.

The uninvolved pulmonary parenchyma
interposed between the minute fibrosing
nodules shows obstructive emphysema
going on simultaneously with the fibrosis
in the involved areas. The tracheo
bronchial lymph nodes are either still
enlarged and often caseous or they may
be infiltrated with calcium salts.

The individual tubercles within the
parenchYma of the lung together with the
changes which occur in the hilar lymph
nodes lmdergo the series of changes
ordinarily found in the progressive
stages of healing tuberculous lesions,
often with eventual calcification.
After implantation of the tubercle
bacilli in the tissues of any organ,
the first response is a proliferation of
the fixed connective tissue cells, or of
the endothelial leucocytes (Mallory) or
monocytes (Sabin). These multiply and
surround the bacilli, and in their growth
assume the form of epithelial cells
haVing a large faintly staining proto
plasmic structure and a large nucleus.
As proliferation of cells continues these
large "epithelioid" cells become com
pressed and elongatod.

Leucotytes also accumulate around
the tubercle bacilli in the early stages
but later give place to lymphocytes.
These are scattered thru the tubercle
and often form a zone arolxud the periphery

As pressure around the tubercle pro
gresses, coagulation necrosis takes
place due to lack of nutrition (Weigert).
This is due to the absence of blood
vessels in the center of the tubercle and
forms the caseous material found in
tubercles. These may later undergo
liCluefaction, the basis of the formation
of tuberculous pus.

Replacement of the compressed
epithelioid cells by connective tissue
cells forms the basis for fibrosis which



may take place throughout the entire
tubercle; thus the commonly observed
fibrous nodule is developed. However,
the fibrosis may only replace the outor
layers of tho tlwerclo proper, and en
capsulcte the tubercle by a fibrous
coating.

Another process, however, may enter
into the life cycle of the tubercle,
whereby healing takes place by calcifica
tion. This is due to the deposition of
calcium salts in the caseous matter of
the tubercle which may eventually become
a calcified nodule.

Hematogenous dissemination of pul
monary tuberculosis can resolve without
leaving a trace that can be detected on
physical or roentgenologic examination,
but fibrosed areas can usually be seen
on histologic examination postmortem.
From this extreme the evolutionary pro
cess may gradually lead to the other
extreme of conglomeration of tuborcles,
caseation, softening, liquefactj.on, ex
cavation, bronchogenic dissomination and
eventually open tuberculosis. The disease
may become ai'rested in any of its revolu
tionary stages and never reC1IT or the
patient may suffer repeated attacks of
hematogenous dissemination, each suc
ceeding spread involVing morc pulmonary
parenchyma. The emphysema and the inter
stitial fibrosis are thus increased until
a ti:ne is reached when, though the tuber
culous process~y be completely arrested,
the patient becomes an invalid because of
a state of partial anoxemia. This is
owing to marked loss of lung tissue and.
eventually death may occur from right
heart faillITe.

Incidence

In a study of the control of silicosis
among miners by the U. S. Bureau of Mines,
in conjunction with tho Metropolitan Life
Insurance Company and the Tri-State Zinc
and Lead Ore Production Association at
Picher, Oklahoma, 125 instances of mil
iary calcifications in the lungs of more
than 18,000 individuals were found.
These examinations included a roentgeno
gram of each individual1s chest as part
of a physical examination prior to employ
ment and at least once yearly thereafter.
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In only two of these was there a history
of a pulmonary disord.er. The remaining
123 gave no histories of any pulmonary
complaints and were apparently healthy.
The most characteristic findings on
roentgen examination in this group were
the large number of discrete dense,
shot-like spots scattered over the lungs,
and in 94% of the cases 55% to 95% of
tho spots were found in the bases. The
large spots varied from 4 mID. to 1 cm. in
diameter and were mostly in the bases.
The small spots varied in size from 1.5
mm. to 5 mm. in diameter and were fairly
dense, round and uniform. 88 of these
cases were studied intensively and only
two were found actively tuberculous
with progrossion; the other 86 remained
the same on repeated examinations. In
unstained smears 30 of this group showed
fungus identified as Aspergillus fumi
gatus fisheri and Aspergillus niger.
Clutures of mine dusts showed none of
these organisms and in only one instance
the cultl~es of the oral secretions of
a miner were positive. Since the ori
ginal description, the conception that
AspArgl11uo might be the etiologic
factor has been abandoned (Lanza).

Suthorland, of the Mayo Clinic, de
scribed 38 cases selected from 60,000
roentgenographic oxaminations, and
thought them to be miliary calcium
metastases; however, no definite proof
of this was given.

The symptoms vary with the acuteness
of the disease but are seldom dramatic.
The onset may be indefinite as to time
and often entirely absent and in many
cases the condition is discovered on
routine x-ray examination.

The sputum, if present, is usually
negative on smear and animal inoculation.
The tuberculin test may be negative from
the onset, and after several weeks be
como positive.

Hematogenous pulmonary tuberculous
dissemination, according to Pinner,
differs from bronchogenic tuberculosis
in the fact that it may run the entire



course from seeding to healing with
practical~y no symptoms. Many patients
are diagnosed pneumoconiosis until later
roentgenograms show complete resorption
or multiple calcifications.

Rocmtgenograph.I

Early hematogenous tuberculosis
shows (1) small, fairly evenly distri
buted foci of slight density 2 to 3 rom.
in diameter: (2) single lesions 1 to
2 em. in diameter also of slight or
medic@ density and these have ill de
fined borders due to perifocal reaction
around the nodules. Both show enlarge
ment and possible caseation or calclfl
cation of hilar nodes. The distribution
is more or less symmetrical; however
the involvement may be limited to cer
tain parts of the lungs and may be denser
in certain portions.

The lesions may gradually retrogress
as shown on repeated roentgen examina
tions and no evidence of the disease
remain after a few months to a year, or
the nodules may become fibrosed or
calcified and persist throughout life.

In patients who show roentgenologically
the small foci and who die of simple
progression of the tuberculosis, the lungs
are likely to bo moro or less donsely
studded by lesions which are somewhat too
large for miliary tubercles. Cavitation
in hematogenous tuberculosis is found
only on rare occasions but the cavities
do not show a distinct wall formation if
present.

Involvement of serous surfaces may at
times be limited to a cloar exudato or
to extensive adhesions. In the marked
cases, caseation of the serous surfaces
may oe present and eventually may calci
fy. This may be the oxplanation in soma
of the cases in which calcification of
the pleura is seon in the roontgenogram.

Diagnosis

The diagnosis of hematogenous pul
monary tuberculosis is usually made on
the history and physical examination but
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must always be confirmed by a roentgeno
gram, since the physical signs alone are
insufficient for diagnosis.

Prognosis

The prognosis is usually favorable
except in the fulminating type which is
fatal in most instances.

Differential Diagnosis

L Hematogenous tuberculosis, in the
early staGe, is most frequently confused
with goneralized miliary tuberculosis
in which there is usually progression
with increased debility and loss of
weight, persistence of symptoms and evi
dence of involvement of other systems
than the pulmonary. A period of observa
tion may be necessary to differentiate
the condition.

2. Pulmonary congestion, when due to
cardiac decompensation, shows the usual
loud wet and gurgling rales which de
crease in intensity and number fr·::>m
below upward, (the reverse of hemato
genous tuberculosis). Signs of cardiac
disease may be present and roentgeno
graphic study usually shows cardiac en
largement and clouding of the lower
lung fields. The shadows are less dis
crete and more linear in form.

Congenital heart disease or heart
disease that causes long standing pas
sive congostion may offer difficulty
in differentiation, since heart failure
cells gather into small clumps in the
alveoli, which throw a nodular shadow
on the roentgenogram resembling hemato
genous tuberculosis. The enlargement of
the heart, cyanosis in the absence of
marked dyspnea, the prosence of murmurs
and the absence of all evidence of
inflammatory pleuritic involvemont would
be against a diagnosis of tuberculosis.

3. Miliary carcinomatosis is usually
found in older persons, d~rspnea is pro
gressive and a primary carcinoma is
usually found elsewhere.

4. Yeast and fungus infections usually



have increased expectoration which is
negative for tUbercle bacilli, and the
roentgenogram shows ill defined patchy
infiltrations much larger in size than
is found in hematogenol~ miliary tuber
culosis. The search for yeast and filllgi
in the sputum helps to verify the diag
nosis.

5. Hodgkin's disease of miliary
dis~ribution usually shows more discrete
nccL12es [l,Tld there is no evidence of con
fluence OJ" cavitation. There is pro
gressive cn.largoment of the mediastinal
lymph glffi1ts in Hodgkin's disease.

6. Silicosis shows nodular infiltra
tions limited to the midportions of the
lungs and those tend to become coni'luent
and densely fibrotic. A history of ex
posure to dusts of froe silica or sili
cates is usually obtained.

7. Sarcoid may show miliary lesions
but usually shows bilateral glandluar
enlargement. Roentgen examination of
the bones of the phalanges may ShOfT the
characteristic changes of cyst-like
bone destruction diagnostic of sarcoid.
Skin lesions are fre~uently prosont.

8. Periarteritis nodosum and dis
seminated lupus erythematosus with or
without skin lesions may appear as miliary
nodules on roentgenographic examination.

9. Capillary pneumonia or an inter
stitial pneumonitis gives a true miliary
picture, and may necessitate repeated
roentgen examinations ~~d close clinical
observation for differentiation from
miliary tUberculosis. These are usually
acuto lesions.

10. Certain pneumonias of an unusual
typo, as those caused by psittacosis may
be confused with miliary tUberculosis.

11. Bronchiectasis of an unusual type
may show miliary involvement which is
predominantly basilar. Bronchography
assists in making a true diagnosis.
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and less defined ~~d tend to become con
fluent. The progression or retrogression
is usually rapid.

13. Leukemia or lymphadenomatous dis
seminate foci may have to be differen
tiated by clinical and laboratory stUdy.

14. Septicemia caused by various organi
isms may form septic emboli with miliary
foci.

15. Bilharziasis of the lill1gs may
simulate miliary tuberculosis.

16. Miliary amyloidosis has been de
scribed in the lungs with amyloid
disease in other organs.

Multiple Calcified Nodules

As related above in the study of the
Picher, Oklahoma miners, patients are
fre~uently encountered with multiple
areas of calcification in the lill1gs.
Usually they are symptomless, fre~uently

give no history of any serious illness,
the lesion being discovered accidentally.

The problem of the origin of these
lesions is difficult to settle. A
number of possibilities have been sug
gested.

1. Calcium metastases usually occur
during periods of hypercalcinaemia found
in cases of multiple myeloma and metas
tatic carcinoma (Bell). These calcifi
cations ~~y be found in the lill1gs, kid
neys and spleen. Such instances are
very rare.

2. Fill1gus infections as AspergillUS
fumigatus, mucor corymbifer, actinomy
cosis, streptothricosis and other fungi
produce lesions very similar to tuber
culosis on roentgenograms. The isola
tion of the specific mold may occasion
ally be the only differentiation clinical
ly. There is some doubt as to whether
actual calcification may occur.

12. Bronchiolitis fibrosa obliterans,
in the course of measlos or influenza, 3. Silicosis produces bilateral
produces a pictl~e of miliary tUberculosis,nodular lesions confined mostly to tho
but the lesions are, as a r1lie, coarsor midportions of both lilllgs. An occupa-
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A study of miliary calcifications in
the lungs of patients admItted to the
lTniversity Hospital Out-Patient Clinic
was made, with an attempt to clarify the
probable cause of this condition. Sever
al instances of these multiple discrete
calcifications were found on roentgeno
grams of individuals' chests where the
symptoms of the patient were variable,
and films of the chest were made to ex
clude some active intrapulmonary disease.
In none of these cases were these multi
ple calcifications suspected clinically,
as no symptoms can actually be traced
to the presence of these lesions.

Since the institution of routine
chest fluoroscopy in the Out-Patient
Clinic in February 1939, tho finding nf
these pulmonary calcifications has be
come more frequent. Up to January 1,
1941, 15 patients were found with mul
tiple miliary calcjfications in both
lungs. All of them were adults, 9 being
males and 6 females. With the exception
of the 20-year old University student
whose case history was preViously given
in this paper, all the other patients
were past the age of 30 years, 4 being in
the third decado of life, 2 in the fourth
decade, 6 in the fifth decade, and 2 in
the sixth decade. None of these patients
complained of chest symptoms at the time
of admission to the clinic, nor wore
there any chest complaints in their past
histories. Discovery of the cases was
made by tho fluoroscopist in practically
every instance. Chest roentgenograms
revoa1ed these multiple discrete calcifi
cations and there wore noted onlarged
tracheobronchial lymph nodes in every
insta..'1.ce, 13 out of tho 15 cases showing
dofinite calcification together with the
enlargement of these nodes. In only 2
cascs was there a family history of tuber
culosis admitted by the patient, the
University student being one but he had
not boen exposed to any active case of
the diseasn, while the other, a female
aged 58 years, statod that one of her
sisters expired at the age of 57 years
from intestinal tuberculosis.

tiona1 history of exposure to silica any time. The hilar glands were enlarged
dust usually is obtained. Here again the on the roentgenograms at both examina
question of whether calcification actually tions.
occurs in pure silicosis is doubtftU but
there is good evidence to ind.icate that
this may occur.

4. Calcified chronic miliary tuber
culosis occurs in rare cases where the
miliary disseminations were of a mild and
protracted hematogenous type. The
source of such disseminations is usually
in the hilar lymph nodes.

On November 27, 1939 the patient was
reexamined as a University student and
the nodules had increasod in size and
had not become calcified. No symptoms
of any pulmonary disease were present at

, a 16 year old school boy, was
admitted to the University Hospital
Out-Patient Clinic on August 7, 1935, com
plaining of repeated colds and congestion
in his head since the age of 5 years.
Night sweats were noted at times.

The opportunity to observe the pro
gross of such calcifications is rare but
is exemplified in the following case.

5. Childhood dissemination with calci
fication may occur in cases in which no
fulminating infection was present, the
spread was confined to OlW set of organs,
as, for example, the lungs, kidneys or
spleen, and a small numbor of tubercle
bacilli were implanted in the tissuCJs.

A family history of tuberculosis was
given, but the patient himself bad not
been exposed to an open case of the
disease.

Roentgen examination of the chest on
August 20, 1935 revealed multiple fine
nodules throughout both lung fields which
were interpreted as probable miliary
tuberculous nodules but did not appear
calcified.

Physical examination revealed rales at
the bases of both lungs. Nourishment of
the individual was good. No increase in
temperature was noted on several examina
tions. The Mantoux was positive.



Altho we do not have definite patho- 2.
logical proof of the origin of these
calcifications, several authors have made
studies of these cases and have stated
that the causative agent is the tubercle 3.
bacillus. After the invasion of the
tracheobronchial lymph nodes by tubercle
bacilli and the fOl~ation of definite
tubercles within these nodes, a rupture
of a tubercle into the thoracic duct or
one of its smaller lymphatics may take 4.
place and several tubercle bacilli enter
the lymph. These organisms would then b~

borne by the lymph stream through the
thoracic duct into the pulmonary blood
circulation. The bacilli may then become 5.
arrested in the interalveolar tissues
where tubercles form. However, the number
of these bacilli is small, so that clini-
cal symptoms are usually entirely absent.
The tubercle undergoes the usual changes
and eventually may calcify. The discovery
of the calcification is usually accidental
at some time thereaftor, when the in- 6.
dividual is undergoing a complete routine
physical examination, which must neceasari.
ly include fluoroscopy or roentgenographic
examination of the chest. What propor- 7.
tion of the lesions calcify or undorgo
resolution and fibrosis is not known.

These types of calcification are known
to be rare discoveries, evon in Tubor- 8.
culosis Sanatoria where the incidence
apparently is even less than in the aver-
age Out-Patient Clinic. It is unfor-
tunate that final proof of the origin of 9.
these nodules is not at hand. Most of
the evidence, especially the constancy of
the association of calcified lymph nodes,
points to the theory expressed above. It
is perfectly clear that they are of little
or no clinical significance; the finding
of such miliary calcifications should 10.
occasion no disturbance in the mind of
the physician nor any change in his con
duct of the patient's illness.
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V. GOSSIP Ophthalmology, from Jan. 20 to Jan. 25.
The last time I wrote these This will be followed by the course in

lines everyone was full of the Christmas Hospital Administration and Uterine Bleed-
Spirit. Christmas is over, but there ing. The February program will also
seems to be a spirit of good feeling include medical social service and
around the old place ••• The New Year dietetics ••••• The Bulletin received sever-
started well at the Center for Continua- al Christmas messages, including one from
tion Study with a highly publicized course Bacteriologist Milan Novak of the Univer
for Executive Housekeepers. The average sity of Illinois, who expressed pleasure
woman is a housekeeper of sorts but these at being able to keep in touch with
women, and a few men, have actually made his associates at Minnesota, and another
a science of it. The executive part of from Obstetrician and Gynecologist
their job consists of training other peo- Charles McLel~, of the Deep South, who
ple to do the job in the simplest, most asks for bigger and better gossip col-
effective way. They have a variety of UIDnS and less WPA book reviews •.•.. The
duties. They must be able to identify program of the Minnesota State Medical
all the common household vermin and know Association for January includes a
the agents which will do the trick. We discussion of respiratory subjects.
had one afternoon program in applied Among others there will be contributions
entomology by two representatives of Dr. by Dean Diehl and Wesley 3pink on the
Riley's division at the Farm School. common cold and the treatment of pneumo-
Another day we concerned ourselves with nia. The radio program includes the
the purchase of textiles by specification common cold, influenza and pneumonia.
and learned how to clean rugs. Linen con- These packets of worthwhile, up-to-the-
trol is apparently the most difficult minute ir£ormation are supplied without
part of a housekeeper's job. In hotels extra charge to the membership of the
it is simple because the housekeeper knows State Association. Each person must
as soon as you check out what you have write for a packet and nearly 500 phy-
stolen. In hospitals linen is used sicians are cooperating in this study
laVishly in some parts and sparingly in program each month•••.• Health Service
others. Painting also comes under the Head, Rutl1 Boynton, Was reelected presi-
housekeeper's superVision. In regard to dont of the American Student Health
training janitors, sometimes called por- Services Association at Ann Arbor, dur
ters, Minneapolis Public School System ing the Christmas Holidays. Both Drs.
has the best school in the country. Would-Boynton and Diehl have headed this or-
be janitors are first given an intelligenceganization and both of them have been re
test to see if they can comprehend orders elected. Ruth Boynton's birthday was
and situations. Next, there is a personal also a matter of great elation during
interview to learn the type of individual the holiday season, which reminds me of
who is applying for the job. From the a current expression credited to Fanny
standpoint of public relations the janitor Brice, who is supposed to have said on
may be the most important man in the or- her recent birthday, "It's always a great
ganization. After the candidate starts surprise for me to learn how old I am
to work the training begins. He gets one for my age." •••• In Life Magazine you
month on sweeping, one month on cloaning will soon find a spread on intern train
vitreous ware, etc. When he finishes the ing as the reporter and photographer saw
apprentice training, he then starts to it at Minnesota. Most of the scenes
school at BOYS' Vocational High School in were taken at the Minneapolis General
order to learn the engineering part of his Hospital, whicl1} by the way, now has a
job. A janitor of a high school must have Superintendent of its own in the person
a chief engineer's certificate. We had of Dr. Pollard, who has guided the in-
42 housekeepers take the course and it stitution during these past few years.
looks as if many universities will soon
offer the basic training course in execu-
tive housekeeping to be followed by an
internship in a hotel or hospital. The
next course at the Center will be in


