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Staff Meeting Report

Quality Control in Clinical Chemistry*

Esther F. Freier, M.S.t
Verna L. Rausch, M.S.:j:

For more than ten years, this laboratory has been experimenting
with a variety of quality control measures to achieve a high degree
of reliability of the clinical chemistry results reported to the clinician.
Much of the work is performed by medical technology students. That
control measures are necessary is emphasized by the accuracy surveys
conducted by Belk and Sunderman! and more recently by Wooten
and King.2 Even methods as widely performed as the nitrogen and
glucose determinations, which have been conducted in clinicallaborac
tories for 35 years, were shown to be very inaccurate in many hos
pital laboratories.

Although a pooled serum control run with each batch of a particu
lar determination has proved to be one of the best quality control
measures, it alone has not been adequate. Using simple statistical
techniques and values obtained on a homogeneous pooled control,
however, a laboratory can evaluate its performance in terms of confi
dence limits to be applied to the control pool and to individual un
known specimens and can express the latter in terms of allowable
error in per cent. Recently, other laboratories3•4•5•6 have stressed the
usefulness of pooled controls and have published information on their
respective allowable errors for several clinical chemistry determina
tions. It was found that these allowable errors varied from one re
port to another for a given determination, as did the percentage of
batches rejected on the basis of the control value. Since these two
parameters, both useful in evaluating the quality of a laboratory, were
found to differ in laboratories using control pools, it should be obvious
that there is more involved in reliability control than the simple addi
tion of a pooled serum control to each run of a determination.

This paper proposes to review all the measures currently used in
this laboratory to insure the reliability of chemical chemistry results,

°This report was given at the Staff Meeting of the University Hospitals on January 17.
1958.

tInstructor in Medical Technology and Hospital Chemist, Laboratory Service. University
of Minnesota Hospitals

:j:Assistant Professor in Medical Technology
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and where possible, to compare such reliability data with the results
of others.

Methods and Materials
A. Control Solutions

1. Preparation of Solutions Used for Control
a. Pooled Control Serum

Clear serum, free of hemolysis, icterus, or lipemia, is collect
ed at the end of each day and frozen until two liters has ac
cumlated. This pool is then thawed, centrifuged, and mixed
by gentle swirling in a large container for about ten minutes.
Two ml. aliquots are dispensed into vials and corked tightly.
No preservative is used. The serum is stored immediately in a
freezer at -100 C. and used for all determinations except as
noted below.
b. Pooled Protein-Free Filtrate

Protein-free filtrates are collected after glucose analyses have
been performed for preparation of the control for blood glucose
determinations. Aliquots are packaged in a similar manner to
the control serum above.
c. Pooled Control Serum at Different Levels

To avoid contamination, only sera on which proteinbound
iodine determinations have been run are pooled as a control
of this procedure. These sera are pooled for hypo, hyper-, and
euthyroid levels.
d. Chemical Solution of Known Concentrations

A solution of sodium bicarbonate in a concentration of 25
meq/1 is prepared to control the bicarbonate procedure. This
solution is tested daily from a stock bottle kept at room temper
ature. Although this solution is prepared from the pure dry
chemical, it is not considered to be a reference standard since
its value is not used to calculate the values of the unknown
specimens. The method is independently standardized against
standard hydrochloric acid prepared from the constant-boiling
acid. With the present bicarbonate method there is no advan
tage to a chemical control instead of a serum control.
e. Animal Products

A 6 per cent solution of bovine albumin prepared from
Armour's 30 per cent solution" is used to control the total serum
protein determination. This solution is prepared in 25 ml. ali
quots and preserved by refrigeration.

"Annonr Laboratories, Annonr and Company. Chicago 11, Illinois
191
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2. Standardization of Control Value
A new control solution or pool is run in parallel with the

control solution currently in use for a period of time to establish
its value.

3. Use of Control Solution
An aliquot of the proper control solution is scheduled in each

batch of unknown determinations and subjected to the same
set of experimental conditions and reagents as the unknown
specimens. The value obtained on the control is used to judge
the reliability of the values obtained on the unknown specimens.

B. Replicate Analyses
The control solution is analyzed routinely in duplicate for

each procedure. In addition, one of the unknown specimens
selected at random is run in duplicate. In some procedures all
analyses are run in duplicate, as indicated in Table 1.

C. Standard Solution
Wherever possible, standard solutions prepared from pure,

dried chemicals are run with each batch of analyses, and these
are used as reference values in the calculation of the unkown
specimens. Using standard solutions to standardize each batch
of analyses, rather than relying on a permanently established
calibration, compensates for many technical variations in the
conditions from one run to another, e.g., temperature, age of
reagents, timing, etc.

For the determinations of sodium and potassium the pro
cedure is standardized for each unknown, rather than for each
batch of unknowns; each unknown reading is bracketed be
tween two known standard solutions.

D. Recoveries
As a principal example, recovery of added urea is incorpor

ated into each batch of blood urea nitrogen determinations in
order to insure optimal activity of the enzyme urease used in
the procedure. The level of urea added for the daily control of
the procedure is 20 mg. per 100 ml. expressed as urea nitrogen.
In addition, to guarantee adequacy of the procedure for patho
logical values, each new solution of enzyme is tested with
enough added urea to correspond to a level of 300 mg. urea
nitrogen per 100 ml.

In a similar fashion, recovery of standard solutions added at
various steps of the procedures is rotated among the following
determinations: creatinine, uric acid, phosphorus, and choles-
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THE MEDICAL BULLETIN

terol. This is done to demonstrate to medical technology stu
dents the usefulness of this method of assaying the accuracy of
a procedure. All methods in this laboratory have been tested in
this way.

E. Reference Methods
Parallel determinations by two methods are used in selected

instances. For example, all paper electrophoreses of serum
proteins are checked by the determination of albumin by salt
fractionation, and total protein is checked at intervals by micro
Kjeldahl determination.7

F. "Normal" Values
As each procedure was instituted, normal specimens were

run to establish the range of normal values for this laboratory,
information that is available upon request. The inclusion of
a normal specimen within the batch as a means of control,
however, is useless and has therefore been abandoned by this
laboratory. The physiological range of normal must of necessity
have wider limits than the allowable analytical error, for it
must include this error. Even the normal control for the
prothrombin determination has recently been replaced by a
frozen pooled serum control. Biological control of the pro
cedure is retained only for the cephalin-cholesterol flocculation
test.

G. Screening of Results for Errors in Calculation and Internal Consis
tency

All calculations made by one technologist are rechecked by
another technologist. Measures have been instituted to detect
such individual errors in handling a particular unknown speci
men as: the use of a two-ml. instead of a one-ml. pipette, the
misreading of a burette or colorimeter, or the actual mixup of
specimens within the laboratory. Examples of these internal
checks conducted by the technologists are:

a) Comparison of blood urea nitrogen and plasma creatinine
values for parallelism;

b) Subtraction of the sum of the bicarbonate and chloride
values from the serum sodium value. If differences other
than the normal 10 to 13 meq/1 are found, the values
are rechecked, unless a satisfactory explanation such as
uremia, ketosis, or hypoalbuminemia is indicated by
other chemical determinations.
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H. Statistical Definitions and Formulae Used
Assuming a normal distribution of analytical results on ali

quots of the same pooled serum, the standard deviation was
adopted as the statistical measure of precision or of the re
producibility of results. Three standard deviation units on either
side of the mean should include 99.73 per cent of the determin
ations.

A research laboratory in setting up the methods to be used
for a study has time to run relatively large numbers of replicates
(usually ten) to measure precision with the traditional formula
for the standard deviation:

s.d. =l~(X m)'
N-1

The study then proceeds on the assumption that this figure
does not change, a probably correct assumption since the same
person usually performs all analyses. But in a clinical labora
tory, the pressure of the daily work-load does not permit such
an idealized assay of precision, nor would this procedure be
practical with student medical technologists who must rotate
through the various procedures on a weekly schedule including
learning time. Fortunately, statistical techniques have been
worked out to permit calculation of the standard deviation from
small groups of replicates, and even duplicates. These dupli
cates may be on random specimens having different values.8

The average difference between duplicates (iI) is equal to
1.128 times the standard deviation.9

To establish the limits for the control solutions in this labor
atory, each is run in duplicate for 30 consecutive runs and the
results averaged to establish the mean value. The average
difference between duplicates (R) is determined either on the
control pool (30 pairs) or independently on 100 pairs of ran
dom unknown specimens. The three standard deviation limits
for the mean value of the control solution are calculated using
the formula: 8 Mean ± 1.88 R.

Since the control solution is considered to be representative
of the unknown specimens, the statistics derived from variation
in duplicates can also be used to calculate confidence limits for
the unknown specimens. When unknown specimens are run
in duplicate, the confidence limits are defined by ± 1.88R, the
same formula used to define limits for duplicate analyses of
the control solution. When the unknown specimens are an-
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alyzed individually, the confidence limits must be wider to
compensate for loss in precision occuring with the omission of
the replicate determination. The average of a pair is, in fact,
1.41 times as precise as a single determination, for the gain in
precision with replicate analyses is measured by the formula:

S.E.m = s.d. in which S.E.m is the standard error of the mean,
IN

s.d. is the standard deviation, and N is the number of repli-
cates.9 Therefore, the confidence limits to be applied to an un
known specimen value obtained by a single analysis are des
cribed by ± 2.66 R. These confidence limits expressed as per
cent of the mean of the control pool measure the allowable
error of the determination. The allowable differences between
duplicates for those procedures in which all determinations
were run in duplicate are described8 by the value 3.27 R.

Once established, the various control limits are known to
all analysts, whether staff or student technologists. The values
obtained in the daily run of the control solutions are judged
against these limits to determine the acceptability of a set of
unknown analyses. If the procedure is considered out of con
trol; i.e., if the variation is greater than would be expected
through chance alone, a cause for the difficulty is sought (de
teriorated reagent, incorrect wavelength, etc.), removed, and
all analyses are repeated. Only when no assignable cause is
readily found, is a control chart plotted to detect trends that
might earlier have initiated the difficulty.

Results and Discussion
While the use of pooled serum controls in this laboratory dates

back to 1948, it is difficult to evaluate the data over the entire period
because several methods have been replaced by others shown to be
more precise by quality control measures. Thus, methods for deter
mination of spinal fluid protein, acid and alkaline phosphatase, total
serum protein, serum albumin, bicarbonate, calcium, and cholesterol
have been changed. The data for this paper have been limited to at
least one hundred sets collected from February to October, 1957.

The number of determinations added to each batch of the in
dicated procedures to insure reliability of results is summarized in
Table 1. This information should be useful when comparing measures
of precision and methods of control from one laboratory to another.
The other authors cited3•4 ,6 have not published similar data.
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TABLE 1
SUMMARY OF THE NUMBER OF RELlABll.ITY MEASURES RUN PER BATCH

FOR REPRESENTATIVE CHEMICAL DETERMINATIONS·

Urea Nitrogen'· I 3 2
Glucose'· 1 4 2
Bicarbonate'" 1 2 2
Chloride" 1 2 2
Sodiumt all 2/spec I
Potassium* 1 2/spec 1
Creatinine'! I 3 oce. 2
Uric acid" 1 3 oce. 2
Phosphorus" 1 3 occ. 2
Calcium" all 2 oce. 2
Total proteins" 1 2
Albumin'" 1 2 2
Thymol turbidity"" 2
Bilirubin" 2
Cbo1esterolu all 6 2 2
Protein-bound Iodine"" all 4 6
Acid phosphatase'" all 5 2
Alkaline phosphatase'" all 5 2

• All superscript numerals refer to reference sources of methods pertaining to each pro
cedUre.

tColeman Flame Photometer *Baird Flame Photometer

The data on precision obtained on the control pools is summarized
in Table 2. Once established for a procedure, the control limits
(column II) remain the same even though new control solutions are
introduced. Similarly, the confidence limits for unknown specimens
(column III) may be applied effectively over a wide concentration
range, provided there has been no major change in technique, such
as an additional dilution step. The confidence limits in column III may
be expressed as per cent of the mean value of the control (column I)
to give the allowable errors in column IV. Unfortunately, the allow
able error values have limited usefulness, since the error will change
as :the mean of the control solution varies, and allowable error un
necessarily tolerates poorer precision at higher levels of concentration.
For example, Henry et al. lO converted three standard deviation limits
to per cent of the mean and found errors of 11.4, 8.2, and 5.9 for
glucose levels of 60, 120, and 430 mg. per 100 mI., respectively, al
though the variances were homogeneous at the three levels. Allow
able error, however, is the most convenient value for comparison with
other laboratories.3 ,4 Following the practice of the others, the authors
have expressed the calculations in column IV to the nearest 0.1 per
cent.

The mean of the control pool (column I) falls within the normal
range of the procedure in most instances. For serum bilirubin, however,
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an abnonnal level of pigment, obtained by the addition of icteric sera
to the pool, is used as the control value because the amount of bili
rubin nonnally present is so small, the readings on the photometer are
about 97 per cent transmittance against a blank of 100 per cent. At
this low level, one end of the control limits would extend to and be
limited at 0 concentration. In addition, the relative analytic error
of the photometer is greater at the ends of the measuring scale. There
fore, fluctuations of the control value are more pronounced and more
meaningful at a higher level of bilirubin.

Column V lists the percentage of 100 consecutive runs of each
determination where the control pool values exceeded the established
control limits. These figures represent the percentage of batches that
would have been wrongly reported as satisfactory if the reliability
measures had not been run. When the control pool value is outside
the established limits, the usual practice in this laboratory is to re
peat a smaller batch without changing any reagents. It has been our
experience that errors in technique associated with inexperienced
student technologists or new personnel account for about one-third of
the batches that are judged out of control. The repetition of a smaller
batch under identical conditions detennines whether the poor control
is due to errors in technique or to some other cause. If the repeat
run is still outside the limits, a systematic search for an assignable
cause is made. Because introduction of fresh reagent or standard
solutions, or both, is indicated in the daily protocol record, a check
of these records frequently shows the source of difficulty. Since all
fresh reagents are introduced before the preceding lot is discarded,
deterioration or aging causes more difficulties than does faulty prepar
ation of the solution. Difficulty with solutions accounts for about
another one-third of the batches out of control. A small number of
non-acceptable control values are due to instrument failure. For the
remainder of batches out of control no clear explanation is ever found,
but may be attributed to fluctuations in temperature and humidity,
timing in the various steps of the procedures, and work-load in rela
tion to personnel.

Since reagent difficulties were responsible for a relatively large
number of batch failures, an attempt was made to correlate reagent
changes with the serial plot of the control values of the protein-bound
iodine procedure (Fig. 1). No consistent change in the control values
was noted coincident with these reagent changes. During the period
shown, however, batches 150, 156, and 160 were out of control.
Batch 150 was out of control because of failure of the mume oven so
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TABLE 2
SUMMARY AND EVALUATION OF PRECISION DATA OBTAINED ON CONTROL POOLS FOR 18 CHEMICAL TESTS

II III IV V
Allowable

Control Confidence Limits Error in Percentage of
Mean of Limits for Unknowns Per Cent Runs ~

Procedure Control ± 3 s.d. ± 3 s.d. Control Mean "Out of Control"

Urea nitrogen 20 mgllOO ml ± 10% ± 10% 10 7 .,
Glucose 135 mg/IOO ml ± 5 mg/IOO ml ± 7 mg/IOO ml 5.4 3 til

ttl
Bicarbonate 25.06 meq/l ± 0.75 meq/l ± 1.06 meq/l 4.2 8

~Chloride 108.6 meq/l ± 1.6 meq/l ± 2.26 meq/l 2.1 3 ttl
Sodium 148.5 meq/l ± 1.5 meq/l ± 2.2 meq/l 1.5 8 l:l...
Potassium 5.02 meq/l ± 0.1 meq/l ± 0.14 meq/l 2.8 3 0

>Creatinine 1.78 mg/IOO ml ± 0.15 mg/loo ml ± 0.20 mg/IOO ml 11.1 3 t"
Uric acid 5.22 mg/lOO ml ± 0.16 mg/IOO ml ± 0.24 mg/IOO ml 4.6 25 td

Phosphorus 4.27 mg/IOO ml ± 0.17 mg/IOO ml ± 0.24 mg/IOO ml 5.6 7 c:
t"'

Calcium 9.62 mg/IOO ml ± 0.30 mg/IOO ml ± 0.30 mg/loo ml 3.1 14 t"'

Total protein 6.0 gm/IOO ml ± 0.2 gm/IOO ml ± 0.2 gm/IOO ml 3.3 20
ttl.,

Albumin 3.02 gm/IOO ml ± 0.15 gm/IOO ml ± 0.2 gm/IOO ml 6.6 18
...
Z

Thymol turbidity 12 units ± 1.0 unit ± 1.4 units 11.7 20

BilirUbin 2.3 mg/IOO ml ± 0.3 mg/IOO ml ± 0.42 mg/IOO ml 18,3 11
Cholesterol 209.7 mg/IOO ml ± 5.4 mg/100 ml ± 5.4 mg/lOO ml 2.6 15

Protein-bound iodine 5.2 I'g/IOO ml ± 1.0 I'g/IOO ml ± 1.0 I'g/100 ml . 19.3 10
(PBI)

Acid phosphatase 0.85 KA units ± 0.35 units ± 0.35 units 41 5

Alkaline phosphatase 17.2 KA units ± 1.7 units ± 1.7 units 9.9 16

'--....~'~__,~..,.+-..,.,.......~,,,...M',. .,,,...........,..""~,.,,,~;, -"'_",", _.., '~'''''''~~'-''''__~~' i ~'~_ ""'_,~, , ,."",.,...-..,"~~~~
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that ashing was conducted in two stages. The failure of batch 160
was explained by contamination of the freshly distilled water used for
the procedure. No explanation was found for the difficulty encount
ered in batch 156.

Occasionally the deterioration of the control serum itself is the
cause for a procedure's being judged out of control. Use of pooled
serum for quality control assumes stability, but the literature on this
point is meager. Connollyll reported that the alkaline phosphatase
content of frozen serum was stable for seven months. The serum con
trol pool for this determination in this laboratory has been in use for
16 months. Walford et al.6 studied the stability of frozen plasma for
several procedures over a six-month period; they noted no change in
the values for total protein, urea, uric acid, creatinine, chloride, or
amylase, but they found a 28 per cent decrease in the alkaline phos
phatase value. The use of lypohilized serum recently put on the
market for this purposeo should eliminate the question of stability
of the control pool.

I-
136

BATCH NUMBER

Fig. 1. Control chart for the protein-bound iodine procedure

lAo

199



THE MEDICAL BULLETIN

The allowable error in this laboratory for several chemical tests
is compared in Table 3 with similar published data.3.4 •5•6 The
values from Walford et al.6 in general are extremely high and possibly
include batches out of control because these authors were interested
primarily in the stability and overall variation of the control pool
values in a six month's period. Since it was their practice to run
standard solutions only once or twice a month, their allowable error
figures can be used to estimate how much in error the results would
be in the University Hospital's laboratory if the reliability control
measures listed in Table 1 were not used.

TABLE 3
ALLOWABLE ERROR-COMPARISON WITH OTHER LABORATORIES

Allowable Error in Percent
Univ. Hosp. Benenson Levey and Kings- Walford·

Procedure Lab et al.- Jennings21 ley'" etal.lIO

Urea nitrogen 10 10.9 15 10 23.7
Glucose 5.4 7.1 8 27.0
Bicarbonate 4.2 9
Chloride 2.1 3.0 4.0 9.5 7.1
Sodium 1.5 2.9 1.4
Potassium 2.8 9.0 2.0
Creatinine 11.1 10.0 11.1
Uric acid 4.6 7.0 7.0 28.8
Phosphorus .5.6 7.0 7.0
Calcium 3.3 6.6 2.0
Total protein 3.3 5.2 4.2 3.0 9.9
Albumin 6.6 7.8 4.2 5.0 16.2
Thymol turbidity 11.7 12.0 15.0
Bilirubin 18.3 13.3 46.5
Cholesterol 2.6 8.6 10.0 16.8
PBI 19.3 19.2
Acid phosphatase 41 80 255
Alkaline phosphatase 9.9 14.1 35 123

·Coefficient of variation ~ 3.

Some of the differences in allowable error from one laboratory
to another can be attributed to the choice of methods for a particular
determination. Thus, the determination of sodium and potassium by
flame photometry is more precise than are the chemical methods used
by Benenson et al.3 In this laboratory the improvement in precision of
the chloride titration occasioned by the substitution of a micrometer
syringe burette for the standard micro burette permitted discontinu
ing duplicate titrations of the unknown specimens without increasing
the allowable error. Similarly, the substitution of the cholesterol
method of Abell et alP for the Schoenheimer-Sperry13 technique de
creased the allowable error by one-half. From comparison of the
figures in Table 3, it appears that replicates for all the unknown speci-
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mens are no longer necessary with the cholesterol procedure. Another
example is given in Fig. 2, which represents parallel determinations
on the same pooled serum control for 31 consecutive runs during
the same period with both the King-Armstrong14 and the Kind-Kingl~

methods for serum alkaline phosphatase. These two methods measure
enzyme activity in identical units, but the Kind-King technique yields
a smaller allowable error. The comparison in Table 3, however, of
allowable error for phosphatase determination is complicated by the
fact that the techniques employed by others may be expressed in
entirely different units.

Fig. 2. Comparison of precision on 31 consecutive runs of the amino-antipyrine and
King-Armstrong methods for the alkaline phosphatase procedure

Precision, however, should not be the only criterion in the selec
tion of a method. It is possible to have a high level of precision with
out accuracy, although the reverse is not true. Thus while Kingsley4

reports excellent precision in the determination of calcium by Harne
photometry, errors due to interference by sodium, phosphorus, and
protein in this analysis make the titration methods more attractive.16,17
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The report of Benenson et al.3 was the only one with which the
percentage of rejected runs could be compared (Table 4). These
data, which reflect primarily the variation between batches rather
than within a batch, serve as a valuable stimulus to improve the
methods used in the laboratory so that the number of runs requiring
repetition is decreased. In general, the aim in this laboratory has been
to improve technique rather than to widen the control limits· and
allowable error. One such example is this laboratory's adoption of the
gluconate and persulfate stabilizers for the Nessler's reaction in the
urea nitrogen determination,18 which to a large extent rlecreased the
percentage of runs out of control.

The high value in this laboratory for the uric acid procedure
(Table 4), is explained in part by a reagent difficulty more elusive
than the usual deterioration of solutions. During the period selected
for study, difficulty was experienced with several different preparations
of the silicate-glycerin solution used to stabilize the uric acid method,
all made with sodium silicate solution obtained from Mallinckrodt
Chemical Works. The use of sodium silicate marketed by Fisher
Scientific Company and J. T. Baker Chemical Company eliminated the
difficulty.

It is striking that the other procedures in which the percentage of
runs out of control in this laboratory are higher than the comparison
values are those in which standard solutions are not included in each
batch; the unknown values are obtained from an established calibra
tion curve. An apparent exception to the better control allowed by
the use of reference standards in each run is indicated by the figure
for the albumin method in Table 4. It should be noted, however, that
because the value for the albumin standard was obtained from the
established total protein curve, one would expect difficulty to the same
extent with both methods. Benenson and his associates3 have dis
cussed the use of reference standards in preference to established
curves. In the total serum protein determination they found an in
crease from 9.6 to 17.5 in percentage of runs rejected when the es
tablished curve was used; similarly there was an increase from 13.7 to
37.0 per cent of runs out of control when the cholesterol determination
was calculated from the established curve rather than from reference
standards within the batch. To avoid this increased frequency of
error commercially precalibrated photometers must be recalibrated
routinely using standard solutions.

The matter of individual specimen errors continues to present
problems in quality control. A review was made of 270 sets of sodium,
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TABLE 4
COMPARISON OF PERCENTAGE OF RUNS OuT OF CONTROL IN UNIVERSITY OF

MINNESOTA HOSPITALS LABORATORY WITH THOSE OF BENENSON et al."
FOR 15 CHEMICAL PROCEDURES

U. Hasp. Benenson U. Hosp. Benenson
Procedure Lab et al. Procedure Lab etal.

Urea nitrogen 7 17.7 Total protein 20 9.66
Glucose .J 10.3 Alhumin 18 10.9
Chloride 3 12..5 Thvmol turhiditv 20 17.9
Sodium 8 12.3 Biliruhin . 11 7.0
Potassium .3 11.0 Cholesterol 1.5 13.7
Uric acid 2.5 8.9 PBI 10 10.9
Phosphorus 7 lOA Alk. phosphatase 16 12.1
Calcium 14 13.2

bicarbonate, and chloride values that were repeated during one year
because of apparent inconsistency of the results. (This number repre
sents about 4.5 per cent of the yearly total of these determinations in
this laboratory.) Individual errors were found in 54 sodium, 11
bicarbonate, and 24 chloride values for a total of 89, or 1.5 per cent
of the volume. Since the pooled serum control indicated that the batch
was satisfactory, these individual errors were the results of mixup of
specimens, use of the wrong size pipette, misreading of a burette or
photometer, or mistakes in transcription or calculation. Since the three
separate items (sodium, bicarbonate, chloride) are determined by
three individual analysts and since a check on the validity is made
by requiring a mathematical relationship among these three (see G,
b, page 193), it follows that any bias of an individual analyst would
lead to a greater incidence of inconsistencies than was actually found.
The question of bias, however, should always be raised when the
control values are known to the analysts. To eliminate this problem,
blind or unknown control solutions should be inserted in each run.
One objective in using known controls in this laboratory, however, is
to teach student medical technologists the means of control and to
develop their judgement of quality of work. Students are encouraged
to evaluate the quality of their work in terms of the control values
and to decide on the acceptability of the batch before consulting with
a supervisor. Upon completion of training, graduates of the program
have instituted similar control measures in the laboratories in which
they are employed, not only to insure the reliability of the laboratory
work but also to preserve their self-confidence. The technical difficulty
of supplying a sufficient number of blind pools must also be consid
ered. Now that commercial lyophilized sera are available for this
purpose, a statistically designed study using this material for blind
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controls in addition to the known control measures is contemplated.
It is beyond the scope of this paper to discuss in detail work-load

factors. The point should be made, however, that the usual practice
of counting only the volume of unknown determinations gives no cred
it to the laboratory for the work involved in quality control. The ad
ditional work of including the controls listed in Table 1 is small in re
lation to the total volume of determinations, but that involved in re
peating unsatisfactory runs and detecting and eliminating trouble is
not insignificant. Therefore, consideration should be given this matter
when estimating personnel needs.
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Staff Meeting Report

An Evaluation of Pressure as a Factor III the
Production of Ischemic Ulcers*

Michael Kosiak, M.D. t William G. Kubicek, Ph.D.t
Mildred Olson, B.S.§ Jean N. Danz, B.S., O.T.R.~

Frederic J. Kottke, M.D.oo

Ischemic ulcers have always been one of the major problems in
terfering with the general maintenance and rehabilitation of severely
disabled patients, especially those with sensory and motor deficits.
The term "ischemic ulcer" is preferable to "decubitus ulcer" because
it describes more accurately the cause of the ulceration. Although
several theories have been proposed linking possible neurovascular and
trophic changes, we think that the main cause of these ulcers is the
ischemia resulting from prolonged pressure which, in turn, leads to
necrosis first of the underlying tissue and then of the skin.

The incidence of ischemic ulcers varies widely, depending pri
marily on the medical and nursing care provided. The occurrence
of these ulcers in paraplegic WorId War II veterans has been var
iously quoted as 85 per cent,l 75 per cent,2 and 57 per cent.s Among
civilians an incidence of 28 per cent was reported.4

Ischemic ulcers occur with special frequency. over weight-bearing
bony prominences covered only by skin and small amounts of muscle
and subcutaneous tissue. Conway5 listed the following distribution:
21 per cent sacrum, 19 per cent trochanters, 19 per cent heels, 10 per
cent ischia, 8 per cent knees, 6 per cent anterior superior iliac spines,
4 per cent pretibial area, and 13 per cent in various other places.
Canon et a1.6 noted that in a series of 152 ulcers in 75 paralyzed
patients 35 per cent were ischial, 24 per cent trochanteric, 23 per
cent sacral, and 18 per cent miscellaneous. Obviously, the distribu
tion depends to a great extent on the patient's functional status-i.e.,
trochanteric and sacral ulcers are more prevalent in the bidridden

·This report was given at the Staff Meeting of the University Hospitals held on Janu
ary 17, 1958.
tMedical Fellow, Department of Physical Medicine and Rehabilitation
:j:Professor, Department of Physical Medicine and Rehabilitation
§Assistant Scientist, Department of Physical Medicine and Rehabilitation
IISenior Occupational Therapist, Department of Physical Medicine and Rehabilitation
·.Professor and Head, Department of Physical Medicine and Rehabilitation
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patients, while ischial ulcers are found almost exclusively in patients
who are able to sit for some time.

Etiology

(1) Primary factors
Ischemic ulcers arise from prolonged tissue ischemia caused by

pressure exceeding the tissue capillary pressure, especially over the
bony prominences. According to Hussain,7 Heidelberg in 1878 sudied
the effects of tying a rubber tourniquet around a rabbit's limb. He
noted the presence of moist and dry gangrene when the tourniquet
was kept on for 12 to 24 hours but no obvious gross effects with
ligation from 7 to 10 hours; no microscopic examinations were re
corded.

Brooks8 noted the development of dry gangrene in legs of dogs
following the application of a tourniquet for 17 hours.

Williams et al.o observed that pressures of 130 mm. Hg. applied
to a rat's tail for 18 hours produced massive necrosis and that pres
sures of 80 mm. Hg. applied for 48 hours produced necrosis in four
of seven animals.

More recently, Hussain7 noted microscopic changes in the muscles
of a rat's leg when pressures as low as 100 mm. Hg. were applied for
as little as two hours. While there was no gross change, twenty-four
hours after the pressure was applied there was microscopic evidence
of cellular infiltration, interstitial capillary hemorrhage, and various
stages of cellular degeneration. Pressures of 100 mm. Hg. for 6 hours
produced similar but more severe changes.

Man is not normally subjected to pressures of this magnitude
for any length of time. By continually changing the body position
even during sleep he is able to limit the pressure's duration to only a
few minutes at a time. But the completely disabled patient or the
patient with loss of sensation either is unable to respond to the feel
ing of pressure or does not experience it. Therefore, unless he is
given adequate nursing care, certain susceptible areas of his body are
under considerably greater pressures for prolonged periods. More
over, it becomes apparent that "turning the patient" every two hours
is not adequate to prevent tissue breakdown.

The study of changes in capillary blood How using several ex
perimental methods has established important facts regarding vascular
hemodynamics Nichol et al.10 have demonstrated remarkable insta
bility in capillaries at low perfusion pressures with cessation and even
reversal of Howat low positive pressure. This"critical closing pres-
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sure" was found to range from 3 to 6 cm. of saline solution in the per
fused hind limb of a frog. Burton11 noted complete cessation of arter
ial blood flow in the forearm of man at times when the pressure ap
plied to the forearm by means of a water plethysmograph was 70 mm.
Hg. less than the subject's mean arterial pressure. Generally the cessa
tion of flow occurred when this difference, which he called "trans
mural arterial pressure," ranged from 20 to 30 mm. Hg. Landis,12 us
ing the micro-injection method for determining blood pressure in
single capillaries, found average pressure in the arteriolar limb to be
32 mm. Hg.; at the mid-capillary region, 20 mm. Hg.; and at the
venous limb, 12 mm. Hg. He noted increases in maximum capillary
pressures to 60 mm. Hg. during hyperemia and to 50 mm. Hg. during
histamine flare. Using the pressure plethysmograph, McLennon13

found capillary pressures to range from 16 to 33 mm. Hg.
Because the hydrostatic pressures in capillaries are relatively low,

and because cessation of flow actually occurs even in the presence of
positive arterial pressure, it would seem that complete cellular ischemia
may be present when only minimal pressures are applied to the body.

(2) Contributing factors
There has been increasing emphasis recently on the role of nutri

tion during the acute and convalescent phase, especially the negative
nitrogen and calcium balance that inevitably appears after an acute
insult. After almost any illness or injury such as a fracture, a tooth
extraction, or even a mild infection, there generally results a negative
nitrogen, phosphorus, sulfur, and calcium balance with evidence of
osteoporosis, wasting of tissue, and loss of weight. The reaction is
much more pronounced, of course, in a severe insult than in a mild
one. This negative balance reaches its peak in about two to eight
days and does not return to normal for several months The feeding of
any product cannot reverse the negative balance, although the degree
of negativity of the nitrogen balance can be reduced.

Anemia of varying degrees undoubtedly is a significant contribu
ting factor in cellular ischemia and necrosis.

The deleterious effects of bed rest and immobilization on the
metabolic status of the patient have been well documented by several
authors. In addition to the negative nitrogen balance, negative values
for calcium, phosphorus, potassium and sulfur were also noted.
Further, it has been found that an increased amount of interstitial
fluid increases the distance from the capillary to the cell. Since the
rate of diffusion of oxygen and food from the capillary to the cell
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decreases in proportion to this distance, it is clear that edema has a
profound influence on supply to the cell.

Trumble14 noted that the limit of skin tolerance for pain over the
dorsum of the heel of a boy was reached when pressure of 77.5 mm.
Hg. was applied. The boy's systolic blood pressure was 126 mm. Hg.
In other words, one experiences pain from compression of the skin
at a level much lower than that leading to collapse of the larger
arteries (but not to collapse of the capillaries and veins).

Trumble also noted that the surface area of a man 5 ft. 8 ins. in
height and 150 lbs. in weight was about 2790 sq. ins. If only one
fifth of this surface were available for weight-bearing in the recum
bent posture and the weight were equally distributed, the pressure
would amount to less than 18 mm. Hg. With a patient in an ordinary
bed, however, the weight of the body is borne on certain bony promi
nences whose combined area is very small, and as a result, the pres
sure over these areas is considerably greater, often reaching alarming
magnitudes.

The weight-bearing area available to the patient is considerably
less when sitting than when supine; it depends primarily on the sitting
posture itself, and to a lesser degree on the intertrochanteric distance
and the seating surface. If the intertrochanteric distance is assumed
to be approximately 32 em. as stated in a well-known textbook!;;
and the anterior-posterior distance to be the same, the available sitting
area is approximately 150 sq. ins. Since approximately 75 per cent of
a subject's total body weight when he is sitting is exerted over this
limited area, the pressure would exceed 26 mm. Hg. if it were evenly
distributed. But, as a matter of fact, the brunt of the pressure is borne
by the rather limited area immediately under the ischial tuberosities,
as evidenced by the high incidence of tissue breakdown in this area.
It was in an attempt to determine more exactly this pressure distri
bution using various seating surfaces that this study was undertaken.

Methods
Eleven normal adult subjects, six men and five women, whose

weights ranged from no to 202 lbs. were seated on various surfaces
in an upright position without arm or back support while pressures
(measured in millimeters of mercury) were recorded for 12 different
areas on the seating surface. The values recorded at each of 12 test
valves were interpreted as indicating the amount of pressure present
on the skin at the tested areas.

The valves used were flat, rubber, butterfly-type valves 2 em.
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Fig. 1. Diagram of Testing System

STRAIN GAUGE
AMPLIFIER

long and 1 em. wide, attached to a non-distensible closed system into
which a steady How of air was maintained from a pressure source of
approximately 600 mm. Hg. Each of these 12 valves was calibrated
individually at various pressures up to 300 mm. Hg. against a Hunter
Force Indicator. All readings have been corrected to compensate for
the deviation between the calculated and calibrated recordings. The
values of pressures greater than 300 mm. Hg. recorded during the
tests were obtained by extrapolation. It is assumed that the error in
this pressure range was similar to that from 0 to 300 mm. Hg. A
Statham P23A physiological pressure transducer used in this study was
calibrated in increments of 50 mm. Hg. up to 600 mm. Hg. against a
mercury manometer. All values were recorded on a Sanborn Polyviso
recorder (Fig. 1).

During a test the valves were connected in succession to the strain
gauge system by means of stopcocks. The pressure at which equili
brium was reached between inflow of air into the system and escape
of air through the test valve was accepted as the pressure applied
externally on the valve. The corrected values of these pressures
are presented in this paper as the pressures exerted on the skin. Since

210



THE MEDICAL BULLETIN

all twelve readings could be obtained at one sitting, the subject was
not required to move once properly positioned.

Valves 2 and 11 were placed approximately under the ischial
tuberosities. The distance between these ischial valves was 8 em.
both on the flat surface chairs and on the contoured hardwood chair,
and it was 9 em. on the alternating-pressure chair. Valves 2 and 11
were fixed under the ischial tuberosities at 12.5 em. from the back
rest on the alternating-pressure chair, while on the other four test
surfaces this distance varied from 10 to 11.5 em. The valves were
located 4.0 em. apart for all seats except the alternating-pressure
seat, on which they were placed 4.5 em. apart.

Inter-ischial distances between the points of maximal pressure in
the 11 subjects seated in the test position ranged from 11 to 12 em.
with a mean distance of 11.4 em. The mean inter-ischial distance in
normal females is 11 cm.,15 which would place the tuberosities ap
proximately 1.5 em. lateral to valves 2 and 11.

Several types of seating surface were used in the study: The hard,
flat surface consisted of a wooden seat which was attached over the
seating surface of a standard wheelchair; this became a padded flat
surface with the addition of I-inch and 2-inch foam rubber pads.
The hard contoured surface chair was a commercially constructed
office chair with arm and back rests. An alternating-pressure, un
padded, contoured chair designed by the Physical Medicine Depart
ment of the University of Minnesota Hospitals was also used.

On the alternating-pressure seat, valves 1, 2, 3, 5, 6, 8, 10, 11,
and 12 were situated on fixed slats which did not move except in
relation to the adjoining slats. Valves 4, 7, and 9 were placed on one
of the moving sets of slats so that pressures at these valves generally
varied inversely with the pressures on the valves over the alter
nate stationary series of slats. One complete cycle of the seat took
place each five minutes, so that a maximal and minimal pressure
could be obtained once within that period. The seat was returned to
a normal or level position twice during each cycle. Pressures were
recorded at the maximal elevation and maximal depression of the in
dividual slats on which the valves were situated.

Results

Hard flat surface. Subjects were placed on a hard flat board sur·
face while pressures were measured under the selected points (Fig. 2).
Mean pressures under and just lateral to the tuberosities were noted
to be in excess of 300 mm. Hg. In all the eight other test areas, much
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lower mean pressures were observed, ranging from a low of 40 mm.
Hg. at position 7 to a high of 144 mm. Hg. at position 9.

Hard contoured surface. Pressures were then measured while 10
subjects were seated on a commercially constructed wooden office
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armchair with a contoured seat. Mean pressures under and lateral to
the tuberosities again exceeded 300 mm. Hg. and rose in some cases
to 700 mm. Hg. In the other areas values ranged from a low of 97
mm. Hg. at position I to a high of 237 mm. Hg. at position 9.

Padded flat surface-i-inch foam rubber. (Fig. 3) When a I-inch
foam rubber pad was placed over the flat seating surface, the mean
pressure was found to exceed 300 mm. Hg. over valve 2 and to exceed

COMPARISON OF PRESSURE UNDER TWELVE
AREAS OF THE BUTTOCKS USING I" AND 2"
FOAM RUBBER CUSHIONS ON A FLAT BOARD
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200 mm. Hg. over valves 3, 10, and 11. Pressures over the remain
ing eight test areas ranged from 71 mm. Hg. at position 7 to 163
mm. Hg. at position 12.

Padded flat surface-2-inch foam rubber. A moderate decline in
mean pressures under the ischial tuberosities was noted when the
subjects were seated on the flat surface that was covered with a 2
inch foam rubber pad. Mean maximal pressures under tuberosities
were 160 mm. Hg. over valve 11 and 153 mm. Hg. over valve 2.
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Pressures over the remaining 10 positions ranged from 53 mm. Hg.
at 5 to 101 mm. Hg. at 9

Alternating-pressure contoured chair-unpadded. Pres~ure deter
minations were obtained while the individual slats were exerting
maximal or minimal pressures. (Fig. 4). With the seat in th{l "up"
position and ~th maximal pressure under the tuberosities, pressures
over valves 2, 3, 6, 10, and II ranged from 436 mm. Hg. over valve
2 to 183 mm. Hg. over valve 6.

Elevations in pressure were also noted over valves I, 8, and 12
with decreases in pressure over valves 4, 5, and 9. The values at
positions 4 and 9 were 60 mm. Hg. and 38 mm. Hg. respectively.

When the cycle was reversed and maximal pressure Was brought

COMPARISON OF CHANGES OF PRESSURES UNDER

TWELVE AREAS OF THE BUTTOCKS DURING OPERATION
OF A CONTOURED, PADDED, ALTERNATING PRESSURE SEAT
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to bear over 4 and 9, the pressures over these valves were 260 mm.
Hg. and 94 mm. Hg. respectively. During the "doWn" phase ·of the
cycle the pressures under the ischial tuberosities were lower than
those recorded on any other type of seat used, with no pressure ex
ceeding 38 mm. Hg.

Alternating-pressure contoured chair-padded. (Fig. 5) One-inch
strips of foam rubber were glued to the individual slats of the alter
nating-pressure chair, and the valves were positioned exactly as
noted previously. When the slats under the tuberosities and ad
jacent lateral areas were in the "up" position, the pressures recorded
were 224 and 186 mm. Hg. over valves 3 and 11 respectively, with
pressures over the other valves ranging from 167 to 99 mm. Hg. over
valves 6 and 5. The pressures over valves 4, 7, and 9 ranged from
63 mm. Hg. over valve 9 to 51 mm. Hg. over valve 7.

COMPARISON OF CHANGES OF PRESSURES UNDER TWELVE
AREAS OF THE BUTTOCKS DURING OPERATION OF THE
CONTOURED, PADDED, ALTERNATING PRESSURE SEAT WITH
THE EXCURSION OF THE SLATS INCREASED FROM 3IS" TO 7Is"
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When the chair was in the "down" position the pressures over
the tuberosities and the adjacent lateral areas ranged from 79 to 105
mm. Hg. Pressures over the other valves in the "down" position
ranged from 53 to 69 mm. Hg., and over valves 4, 7, and 9 they
ranged from HI to 146 mm. Hg.

Alternating-pressure contoured chair-padded, excursion of slats
increased. When the range excursion of the movable slats on the
alternating-pressure chair was increased from three-eighths to nve
eighths inch, pressures at all positions were considerably reduced, with
a maximum recording of only 48 mm. Hg. at position 6; all readings
were well within the limits of normal capillary pressure (Fig. 6).

The mean value and standard deviations as calculated for each
test valve on the various seating surfaces are shown in Table 1.

TABLE 1
MEANS AND STANDARD DEVIATIONS IN MM.HG. OF PRESSURES RECORDED

OVER ALL VALVES ON THE VARIOUS SURFACES TESTED

Valve No. 1 2 3 4 5 6 7 8 9 10 11 12

Unpadded Flat Surface
Mean 71 344 258 105 53 73 40 68 144 278 325 111
S.D. 37 0 38 44 31 33 21 69 72 85 59 72

Unpadded Contoured Surface
Mean 97 342 433 134 95 163 99 114 237 417 520 145
S.D. 44 171 186 47 55 87 47 81 113 141 146 37

Padded Flat Surface-I" Foam Rubber
Mean 85 214 266 100 75 109 71 78 145 209 311 163
S.D. 43 85 62 30 24 57 25 31 48 75 55 76

Padded Flat Surface-2" Foam Rubber
Mean 87 153 135 72 53 83 .59 63 101 135 160 97
S.D. 28 61 29 33 15 32 14 19 38 33 69 52

Contoured Alternating Pressure Chair-Unpadded: Up Phase
Mean 171 422 293 60 217 183 30 220 38 346 325 229
S.D. 89 163 131 61 83 70 30 117 35 125 137 50

Contoured Alternating Pressure Chair-Unpadded: Down Phase
Mean 16 36 38 260 210 76 47 65 94 29 28 33
S.D. 24 33 39 135 88 23 20 29 22 19 20 27

Contoured Alternating Pre.sure Chai~Padded: Up Phase
Mean 111 249 224 58 99 167 51 98 63 209 186 142
S.D. 48 108 59 18 41 29 23 38 25 92 68 63

Contoured Alternating Pressure Chair-Padded: Down Phase
Mean 56 79 105 143 62 72 111 53 146 96 96 69
S.D. 15 27 22 45 22 20 49 23 96 41 31 19
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Discussion

The extreme pressures beneath the ischial tuberosities recorded
in this study emphasize the necessity of devising some type of seating
surface that will not only be subjectively comfortable but also will be
physiologically beneficial in allowing adequate circulation through
the sitting area both of normal subjects and of patients with motor or
sensorv lesions.

Pressures in excess of 300 mm. Hg. in the area of the tuberosities
were noted generally on the unpadded flat and contoured seat as
well as the flat seating surface which had been padded with one inch
of foam rubber. Although there was considerably less pressure under
the adjacent tested areas, in nearly all instances this pressure, too, ex
ceeded the subjects' diastolic pressures and frequently their systolic
pressures as well. Obviously, these pressures were far greater than the
maximal capillary pressures of human skin reported by Landis.12

Although the unpadded contour chair and the flat surface padded
with one inch of foam rubber were subjectively more comfortable
than the flat unpadded surface, they still permitted excessive pressure
under the ischial tuberosities. They did, however, allow more pres
sure to be distributed to the peripheral areas.

The two-inch foam rubber padding was quite effective in de
creasing pressure under the tuberosities, with a mean maximal pres
sure of less than 160 mm. Hg. Subjective relief from a sensation of
ischial pressure was quite marked, and an excellent distribution of
sitting pressure was noted. However, the pressures under the tuber
osities still exceeded the systolic pressures of all the subjects tested.
Pressures at the peripheral test positions were considerably elevated
over those noted on the flat unpadded board, and this finding was
interpreted as indicating a better distribution of sitting pressures.
Nearly all were in excess of the subjects' arterial diastolic pressures
and were at least twice the maximal capillary pressures.

With these problems in mind, the alternating-pressure contoured
chair was constructed in order to devise a satisfactory seating sur
face that would decrease, at least intermittently, the maximal pres
sures under the tuberosities to the level of capillary pressure. Pres
sures in the "down" position in the unpadded chair fell within the
limits of capillary pressure. Addition of one inch of foam rubber
padding to the slats produced slightly higher pressures on the slats
in the "down" position, generally at about the level of the arterial
diastolic pressure. The pressures over any slat could be reduced
further or even to zero by increasing the distance through which the
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slat traveled during each cycle. During this period of decreased pres
sure, circulation could occur through the capillaries of the skin,
muscle, and periosteum beneath the pressure points. This frequent
cycling of pressure to allow intermittent circulation should be ade
quate to maintain nutrition and prevent necrosis of the cells in the
areas of pressure.

Conclusion

The magnitude and distribution of pressures under the ischial
tuberosities as well as on the remainder of the sitting area were
measured while 11 normal adult subjects were seated on various
types of seating surfaces, including an alternating-pressure chair.

Pressures under the ischial tuberosities and the adjacent lateral
areas were generally in excess of 300 mm. Hg. on the Hat unpadded
surface, the Hat surface padded with one inch of foam rubber, and
the unpadded contoured surface; the maximal pressure dropped to
approximately 160 mm. Hg. when subjects were seated on a Hat sur
face padded with two-inch foam rubber. Pressures at nearly all
positions measured with the subject seated on the Hat hard surface
with and without padding as well as on the unpadded contoured chair
were in excess of the arterial diastolic pressure and far above the
accepted mean capillary pressure. An alternating-pressure contoured
chair provided intermittent reduction of pressure to levels within
the range of the capillary blood pressure.

The basic question of the relationship between the amount of
pressure applied and the duration of application necessary to pro
duce ischemic necrosis still remains unanswered. Data on this prob
lem are needed before precise statements can be made about how
long patients can sit without ischemic changes being produced.
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Editorial

Ischemic Ulcers
The ischemic ulcer, more popularly known as the decubitus ulcer,

has been said by many physicians to be preventable. The older term,
decubitus ulcer, was derived from the Latin verb decumbere meaning,
"to lie down." This was a most reasonable term, since these chronic
ulcerations commonly appeared in the chronically ill, bedridden pa
tient. Today, with emphasis on rehabilitation, patients are not left
lying in the bed but are taught ambulation with the aid of supports
and crutches or are oriented to spend part of their day in a chair.
Even though the patient is not left in a supine or prone position in
bed, the development of ulcerations continues to be a major problem
especially in the paralyzed patient with a sensory deficit. Changing
the patient from the lying to the sitting position has not prevented
ulceration; therefore, the term decubitus ulcer is no longer appropriate.

If ulcerations are preventable, what measures are necessary? Un
fortunately, maintenance of optimal general health, nutrition, and
hemoglobin level, avoidance of prolonged pressure to the skin by turn
ing the patient frequently, and maintaining scrupulous hygiene and
care of the skin have not been uniformly successful preventative
measures. The primary problem in the production of ischemic ulcers
is best explained in the report by Kosiak et al., (page 208), which
states that the pressure exerted on the skin and subcutaneous tissue
over bony prominences that bear the weight of the body when sitting
or lying exceeds the capillary pressure and interferes with cell metabo
lism. If this ischemia is prolonged, necrosis is inevitable. The results
described using the alternating-pressure, padded, contoured chair
dramatically record how deleterious pressures to localized areas can
be reduced to levels permitting physiolOgical hemodynamics to pre
vail. This observation would support the rationale of turning the pa
tient at hourly intervals, a practice made virtually impossible by the
inadequate staffing in our hospitals. Successful experience in pre
venting. ischemic ulcers using the alternating pressure mattress, which
shifts the patient's weight at five-minute intervals, demonstrates the
importance of ischemia in the production of ulcers. These results and
continuing studies may well define the first method of care that will
prevent ischemic changes leading to ulceration.
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Medical School Activities

The faculty of the Medical School and friends of DEAN HAROLD
S. DIEHL are pleased that he has recovered from his recent illness.
He and Mrs. Diehl have returned to 11 Riverside Drive, New York
City, so that he can resume his duties with the American Cancer
Society.

The construction plans for a library building in the University of
Minnesota Medical Center are being drawn by the architect, following
consultation with faculty and student committees. This new build
ing consisting of two floors, one below the ground level, will be con
structed over the proposed laboratory research facilities. It will be
located next to the Medical Center at the corner of Union and Essex
Streets. A large reading room will be built with access from the lobby
to prOVide facilities for students who wish to study later than 10:00
p.m., the closing time for the library stack rooms. Other facilities will
include open stacks, a rare book room, current literature reading area,
and carrels and work rooms.

On January 28, the Board of the Variety Club of the Northwest
presented $100,000 to the University as part of its pledge for the
addition of another floor in the Variety Club Heart Hospital. Con
struction of this fifth floor, which will house research laboratories, was
begun in January, 1958, and will be completed in about seven months.

Faculty News

DR. WESLEY W. SPINK, Professor, Department of Medicine, at
tended under the auspices of the WHO the Fourth Inter-American
Congress on Brucellosis held in Lima, Peru, on October 6-8, 1957.
He presented a paper entitled, "Experimental and Clinical Investiga
tions of Brucella Endotoxin," and was elected Chairman of the Ex
pert Committee on Brucellosis, which met from October 9 to 13. On
his trip back to the United States, Dr. Spink visited a number of
countries giving lectures before medical students and medical societies
and learning about medical education and research in Lima, Peru;
Santiago, Chile; Buenos Aires, Argentina; Montevideo, Uruguay; San
Paulo, and Rio de Janeiro, Brazil.

Upon recommendation of the Senior Research Fellowships Selec
tion Committee and of the National Advisory Health Council, the
Surgeon General of the United States Public Health Service has award-
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ed a Senior Research Fellowship for the next five-year period to DR.
EUGENE D. GRIM, Assistant Professor, Department of Physiology.

DR. ELLIS S. BENSON, Associate Professor, Department of Medicine
and Associate Director of the Hospital Laboratories, writes from Carls
berg Laboratorium, Copenhagen, Denmark, that he and his family are
settled and that he is hard at work on research in protein chemistry.
Dr. Benson is studying in Denmark for one year and plans to return
in August, 1958.

DR. ERNEST W. LOWE, a graduate of Boston University School of
Medicine, 1953, who completed his graduate training at the University
of Minnesota, has been appointed an Instructor in the Department
of Obstetrics and Gynecology.

DR. ERNST SIMONSON, Associate Professor, Department of Oph
thalmology and Laboratory of Physiological Hygiene, has been invited
to serve on the Editorial Board of The American Heart Journal.

Student News

The Medical Interfraternity Council announces that its annual
dance will be held on March 1, 1958, in the Main Ballroom of the
Pick-Nicollet Hotel. This annual affair is an opportunity for members
of the student body, the faculty, and the alumni to get together for
a social evening. ROBERT R. RYNEARSON, President of the M.I.F.C.,
is in charge of arrangements.

The Medical Student Council has initiated this year a program
that appears destined to grow in popularity. During the first quarter
of this academic year, groups of approximately ten first-year students
were invited to freshman faculty members' homes for an evening coffee
hour. The affairs were informal and undoubtedlv led to closer facultv
student relationships. This association is designed also to help the
medical student adjust to his role in medicine and crystallize his
motivation in studying health sciences. During the current quarter,
the sophomores are visiting with their faculty members. The Medical
Student Council and the faculty are to be congratulated for their in
terest and support of this worthwhile program.

JAMES JANECEK, St. Paul, and ROBERT L. SADOFF, Minneapolis,
members of the junior class, were awarded honorable mention for
manuscripts submitted in the 1957 Schering Award Contest.
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February 7 CLARENCE M. JACKSON LECTURE: Physi
ology of Congestive Heart Failure; DR. Eu
GENE A. STEAD, JR., Professor of Medicine and
Chairman, Department of Medicine, Duke Uni
versity Medical Center, Durham, North Caro
lina; Mayo Memorial Auditorium; 8:00 A.M.

February 10-15 ... Continuation Course in Neurology and Neuro
surgery for General Physicians

February 6-8

Coming Events

Continuation Course in Cardiovascular Dis
eases for General Physicians
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March 18 GEORGE E. FAHR LECTURE: Pulmonary 1·.

Hypertension; DR. PAUL WOOD, Institute of
Cardiology, London, England; Mayo Memorial
Auditorium; 8:00 A.M. I;

February 13 ..... J. B. JOHNSTON LECTURE: Complexities
of Neural Interaction Revealed in Studies of
Slow Potential Phenomena; DR. JAMES L.
O'LEARY, Professor of Neurology, Washington
University School of Medicine, St. Louis, Mis
souri; Mayo Memorial Auditorium; 8:00 A.M.

March 3-5 . . . . . . Continuation Course in Pediatrics for General
Physicians

March 17-19 ..... Continuation Course in Internal Medicine for
Internists

March 20-22 . . .

March 21
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Continuation Course in Surgery for Surgeons

E. STARR JUDD LECTURE: A Concept of
the Patlwgenesis of Gastric and Duodenal
Ulcers; DR. LESTER R. DRAGSTEDT, Professor
of Surgery, University of Illinois College of
Medince, Chicago, Illinois; Mayo Memorial
Auditorium; 4:00 P.M.
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Friday,

WEEKLY CONFERENCES OF GENERAL INTEREST

Physicians Welcome

Monday, 9:00 to 10:50 A.M. OBSTETRICS AND GYNECOLOGY
Old Nursery, Station 57
University Hospitals

12:30 to 1:30 P.M. PHYSIOLOGY-
PHYSIOLOGICAL CHEMISTRY
214 Millard Hall

4:00 to 6:00 P.M. ANESTHESIOLOGY
Classroom 100
Mayo Memorial

Tuesday, 12:30 to 1:20 P.M. PATHOLOGY
104 Jackson Hall

Thursday, TUMOR
11:30 A.M. to 12:30 P.M. Todd Amphitheater

University Hospitals

7:45 to 9:00 A.M. PEDIATRICS
McQuarrie Pediatric Library,
1450 Mayo Memorial

8:00 to 10:00 A.M. NEUROLOGY
Station 50, University Hospitals

9:00 to 10:00 A.M. MEDICINE
Todd Amphitheater,
University Hospitals

1:30 to 2:30 P.M. DERMATOLOGY
Eustis Amphitheater
University Hospitals

Saturday, 7:45 to 9:00 A.M. ORTHOPEDICS
Powell Hall Amphitheater

9:15 to 11:30 A.M. SURGERY
Todd Amphitheater,
University Hospitals

For detailed information concerning all conferences, seminars, and
ward rounds at University Hospitals, Ancker Hospital, Minneapolis
General Hospitals, and the Minneapolis Veterans Administration Hos
pital, write to the Editor of the BULLETIN, 1342 Mayo Memorial,
University of Minnesota, Minneapolis 14, Minnesota.




