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Survival in End-Stage Dementia
Following Acute lliness

R. Sean Morrison, MD
Albert L. Siu, MD, MSPH

N ESTIMATED 1.8 MILLION

people in the United States

are in the final stages of a de-

menting illness (eg, Alzhei-
mer disease, vascular dementia)! and
are unable to recognize family, depen-
dent in activities of daily living, un-
able to communicate, and experience
repeated infections and other compli-
cations. Despite the prevalence of ad-
vanced dementia, little is known about
the prognosis of patients with this con-
dition who develop a superimposed
acute illness (eg, pneumnonia). Prelimi-
nary data from nursing homes and
hospice care suggest that survival for
patients with end-stage dementia fol-
lowing febrile episodes is limited.** Fur-
thermore, if prognosis is poor, pallia-
tion of symptoms and enhancement of
comfort may be more important to the
patient than the application of burden-
some interventions directed at life pro-
longation or cure.

This study was designed to examine
6-month survival for patients with ad-
vanced dementia who were hospital-
ized for 2 common conditions (hip frac-
ture and pneumonia) and to compare the
care these patients received with that of
cognitively intact adults with the same
diagnoses. Hip fracture and pneumonia
serve as useful models for this study be-
cause they are common conditions in
elderly patients, are seen in both cogni-
tively intact and advanced dementia pa-
tients, and are associated with consid-
erable pain and other symptoms.

For editorial comment see p 87.

Context Little is known about the prognosis of acutely ill patients with end-stage
dementia or about the type of care that these patients receive. If their prognosis is
poor, then emphasis should be placed on palliative care for these patients rather than
on curative interventions.

Objectives To examine survival for patients with end-stage dementia following hos-
pitalization for hip fracture or pneumonia and to compare their care with that of cog-
nitively intact older adults.

Design Prospective cohort study with 6 months of follow-up.

Setting and Patients Patients aged 70 years or older who were hospitalized with
hip fracture (cognitively intact, n=59; with end-stage dementia, n=38) or pneumo-
nia (cognitively intact, n=39; with end-stage dementia, n=80) in a large hospital in
New York, NY, between September 1, 1996, and March 1, 1998.

Main Outcome Measures Mortality, treatments directed at symptoms, and ap-
plication of distressing and painful procedures in cognitively intact patients vs those
with end-stage dementia.

Results Six-month mortality for patients with end-stage dementia and pneumonia was
53% (95% confidence interval [Cl], 41%-64%) compared with 13% (95% CI, 4%-
27%) for cognitively intact patients (adjusted hazard ratio, 4.6; 95% Cl, 1.8-11.8). Six-
month mortality for patients with end-stage dementia and hip fracture was 55% (95%
Cl, 42%-75%) compared with 12:% (95% Cl, 5%-24%) for cognitively intact patients
(adjusted hazard ratio, 5.8, 95% Cl, 1.7-20.4). Patients with end-stage dementia re-
ceived as many burdensome procedures as cognitively intact patients and only 8 (7%) of
118 patients with end-stage dementia had a documented decision made to forego a life-
sustaining treatment other than cardiopulmonary resuscitation. Only 24% of patients with
end-stage dementia and hip fracture received a standing order for analgesics.

Conclusions In this study, patients with advanced dementia and hip fracture or pneu-
monia had a very poor prognosis. Given the limited life expectancy of patients with end-
stage dementia following these illnesses and the burdens associated with their treatment,
increased attention should be focused on efforts to enhance comfort n this patient population.
JAMA. 2000;284:47-52 www.jama.com

METHODS
Patient Population

Patients with hip fracture were eli-
gible if they had femoral neck or inter-

Patients older than 70 years who were
admitted to a large hospital in New
York, NY, with diagnoses of hip frac-
ture or pneumonia from September 1,
1996, to March 1, 1998, were identi-
fied by a trained research assistant who
reviewed daily admission records. The
study was approved by the Mount Si-
nai School of Medicine Institutional Re-
view Board and all patients or their sur-
rogates provided informed consent.

trochanteric fractures. Patients with
pneumonia were eligible if they had
new infiltrate on chest radiograph and
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the presence of at least 2 of the follow-
ing: temperature greater than 38°C, new
or increased sputum production, new
or increased cough, new pleuritic chest
pain, and new or increased pulmo-
nary findings on physical examina-
tion; or 1 of the following changes in
status: new or increased shortness of
breath, respiratory rate greater than 25/
min, and worsening mental or func-
tional status.® Patients were excluded
if they had multiple internal injuries,
a previous fracture in the affected hip,
or aknown diagnosis of cancer that was
not considered cured or in remission;
or were non—English-speaking or iden-
tified more than 48 hours after admis-
sion. Patients with hip fracture or pneu-
monia were eligible for inclusion if they
were cognitively intact or had end-
stage dementia.

Cognitive Status

To identify cognitively intact patients,
aresearch assistant with experience in
geriatric assessment administered the
telephone version of the Mini-Mental
State Examination (MMSE) in person’
to all potentially eligible patients. The
telephone version of the MMSE was
used because it requires only verbal re-
sponses and, thus, is easier to com-
plete for frail, ill patients who may have
difficulty writing or seeing the instru-
ment. Patients whose score was at least
18 of 24 (consistent with normal cog-
nitive function) were eligible for en-
rollment (cognitively intact group). Pa-
tients whose score was less than 18 but
who had delirium as determined by the
Confusion Assessment Method® were
reassessed daily for 2 subsequent days
using the telephone version of the
MMSE. Patients whose score on the
telephone MMSE was 18 or greater
within this 2-day period were in-
cluded in the cognitively intact group.
Patients who had delirium and whose
MMSE score was less than 18 were ex-
cluded, even if there was no reported
history of dementia, to ensure that pa-
tients with undiagnosed cognitive im-
pairment were not inadvertently in-
cluded in the cognitively intact group.
Toidentify patients with end-stage de-
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mentia, we interviewed the next of kin
of the remaining patients (ie, those
whose score on the telephone MMSE
was less than 18) and inquired about
the patients’ best functional and cog-
nitive status for the month prior to ad-
mission. Patients whose functional/
cognitive status was classified as stage
6 or 7 (severe to very severe demen-
tia) on the Global Deterioration Scale®
were enrolled in the end-stage demen-
tia group. Persons who have a stage 6
or 7 classification on the Globa] Dete-
rioration Scale are dependent in all ac-
tivities of daily living (eg, bathing, dress-
ing, transfer, continence, feeding),
display sleep-wake cycle distur-
bances, and cannot remember the
names of even close relatives or their
spouse.

Patient Care and Survival

We collected information on the fre-
quency of use of 9 common hospital
procedures that previously have been
found to be moderately to severely pain-
ful or uncomfortable: arterial blood gas
measurerment, central line placement,
indwelling bladder catheter insertion,
insertion of intravenous catheter after
admission, use of mechanical re-
straints, use of nasogastric tube, daily
phlebotomy during more than 50% of
hospital stay, use of intravenous cath-
eter for entire hospital stay, and me-
chanical ventilation other than for gen-
eral anesthesia.'® Hospital charts were
reviewed daily by a research assistant
for measures taken to assess and treat
symptoms, discussions about goals of
hospital and posthospital care, and de-
cisions to withhold or withdraw life-
sustaining treatments.

To evaluate reviewer bias and cod-
ing error, a second independent ob-
server evaluated 25 randomly selected
charts and was 100% concordant with
the primary reviewer. Additional in-
formation about patient characteris-
tics and demographics was obtained by
directly interviewing patients in the cog-
nitively intact group and by interview-
ing proxies of patients in the end-
stage dementia group. Six-month
survival data were obtained by first

crossmatching patients’ medical rec-
ords with the hospital database to iden-
tify in-hospital deaths within 6 months
of the index admission (n=188), then
performing a similar crossmatch for the
6-month to 1-year period following in-
dex admissions (ie, to document that
patients had survived after 6 months)
(n=179). Following these database
searches, 124 patients’ status re-
mained unknown. We reviewed New
York City death certificates for these
124 patients and identified 45 deaths.
Finally, we made follow-up telephone
calls to the patient, proxy, or nursing
home to which the patient was dis-
charged to determine the status of the
remaining 79 patients.

Statistical Analyses

x> Analyses and t tests were used to
compare patient characteristics and
other variables. The Cox proportional
hazards regression model was used to
examine survival. Variables were se-
lected by reviewing the literature and
identifying risk factors that have been
shown to be associated with increased
mortality in pneumonia and hip frac-
ture. In addition to these variables, we
included in the models a cognitive sta-
tus variable (demented or nonde-
mented) and age. Age was included be-
cause of the significant differences in
mean ages between cognitively intact
and end-stage dementia patients in both
hip fracture and pneumonia groups.
Variables entered into the pneumonia
model were age, cognitive status (cog-
nitively intact or with end-stage de-
mentia), and a term that stratified pa-
tients into low and high risk for death
based on pneumonia severity. The
prneumonia risk term was derived by
computing a severity score using a pre-
viously validated model that assesses
pneumonia severity and risk of death
based on demographic variables, coex-
isting conditions, and physical exami-
nation, radiological, and laboratory
findings.! Scores were determined by
summing the points assigned for the fol-
lowing applicable characteristics (points
in parentheses) and the patient's age
(age minus 10 for women): nursing
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T END-STAGE DEMENTIA AND ACUTE ILLNESS
| rec- home re51'den.t (10); coexx;[mg PHHESS Table 1. Patient Characteristics (N = 216)*
iden- (neoplastic disease [30], liver disease v — - . :
. . atients With Hip Fracture Patients With Pneumonia
onths [20], congestive heart failure [10], ce- ‘ -
then rebrovascular disease [10], renal dis- Coanitively E c\;vg{w Coanitively E c\;v;StP
orthe | ase (101 physical examination ind T Gusts | Copmy edShg
ngin- ings (altered mental status [20], Characteristics (n = 59) (n=88) Value (n=239) (n =80) Value
t that respiratory rate =30/min [20], sys-  Age, median (range), y 82(71-100) 88(71-98) .001  83(71-98) 87 (72-102) .003
nths) tolic blood pressure <90 mm Hg [20], Women 51(86) 28 (74) 18 25(84) 48 (60) 67
abase temperature <35°C or =40°C [15], Ethnicity
s re- pulse =125/min [10]); and laboratory White : 54(92) 314 28(72) 45 (56)
New and radiographic findings (arterial pH African American 509 31 o1 2L 160 |
these <7.35[30], serum urea nitrogen level /L:FmO 8 ? ( g ® 1? (f3)
eaths. 210.7 mmol/L [20], sodium level <130 Residiir;e ( a)
shone mmol/L [20], glucose level =13.9 Home 56 (95) 7( 37 (95) 30 (38)
irsing mmol/L [250 mg/dL] [10], hemato- Nursing home 3(5) 31 82) ]<‘OO1 25 50 (63) ] <001
s dis- crit <<0.30 [10], partial pressure of 0xy-  Agvance girectve 35 (60) 1540) 045 20(51) 24 (30) 02
of the gen <60 mm Hg [10], and pleural ef- Fagre repair
fusion [10]). Patients with scores Pin/plate 34 (58) 24 (65)
greater than 90 were considered to be Hemiarthroplasty 25 (42) 11@7) 38t
at increased risk for death and a di- Nonrcr)]gﬁ:gggem 00 3@.1)
ed to chotomous Vanable (severity SCOTE  ength of hospital stay, 80(1-22)  60(2-72) .35 5(2-82)  7(2-39) .09
s and >90) was entered into the pneumonia median (range), d
tional hazard model. Discharge site
sed to For the hip fracture model, in addi- Home 21(36) 5(13) 37 (95) 19 (24)
re se- tion to age and cognitive status, we in- SUb;CL_J“tS rehabifitation 33 (56) 0 } 0 0
e and cluded variables that have been found Nursi:! P 5 ) <.001% 5 55 <.007%
. been in other studies'** to be associated with v "9 J
- . . . . ospice care 0 1(3 0 1(1)
-eased increased mo.rtahty‘follovvlng hip frqc- Died 1 hospital 25 76 5 509
) frac- _ture' The Varlables 1nclud§q Comorbld *Data are number (percentage) except age and length of hospital stay.
es, we illness (Charlson comorbidity index), 1P value for pin/piate vs hemiarthroplasty.
ve sta- nursing home residence prior to hospi- ¥ value forhome vs other facilty.
onde- talization, and ambulatory status.
ed be- years) for pneumonia patients. Most pa- ~ 95% CI, 42%-75%) of 38 hip fracture pa-
ces in RESULTS tients were women (81% of hip frac- tients with end-stage dementia died
intact Five hundred seven patients were ini-  ture and 61% of pneumonia patients).  within 6 months of hospitalization com-
n both tially identified from admission rec- End-stage dementia patients with hip  pared with 7 (12%; 95% CI, 5%-24%)
‘oups. ords and 235 met entry criteria (126/ fracture or pneumonia were 6 and 4  of 59 cognitively intact hip fracture
monia 306 with pneumonia and 109/201 with ~ years older, respectively, than cogni-  patients (adjusted hazard ratio, 5.8; 95%
 (cog- hip fracture). Reasons for excluding 291 tively intact patients. Dementia pa-  CI, 1.7-20.4). Thirty-four (54%) of 63
ge de- patients are as follows (numbers listed  tients were more likely to reside in nurs- end-stage dementia patients who died
ed pa- as pneumonia/hip fracture): incorrect  ing homes (82% vs 5% with hip fracture ~ were readmitted to the study hospital
death admitting diagnosis (75/11), did not and63% vs 5% with preumonia). within 6 months of their index hospi-
' The speak English (38/20), length of stay . talization compared with 7 (58%) of 12
ed by =48 hours before interview (5/4), could ~Mortality cognitively intact patients who died. Ad-
apre- not communicate (1/2), delirium (6/ The FIGURE shows Kaplan-Meier sur- ditional factors associated with de-
sesses 10), and mild-to-moderate dementia  vival curves for pneumonia and hip frac-  creased survival among hip fracture
death (55/45). Of the 235 eligible patients, ture patients. TABLE 2 shows the re- patients included a high Charlson co-
coex- 216 patients or their proxies agreed to  sults of the proportional hazards model. morbidity index score and being un-
;xami- participate (119 [94%] of 126 with At 6 months, 42 (53%;95% confidence  able to walk or transfer without total as-
ratory pneumonia and 97 [89%] of 109 with  interval [CI], 41%-64%) of 80 pneumo-  sistance. Pneumonia patients with a high
ned by hip fracture). nia patients with end-stage dementiahad ~ pneumonia severity score were also at
he fol- Patient characteristics are shown in  died compared with 5 (13%; 95% CI, increased risk for death. All patients with
(points TABLE 1. Median age was 84 years 4%-27%) of 39 cognitively intact pa- pneumonia received intravenous anti-
U's age (range, 71-100 years) for hip fracture tients (adjusted hazard ratio, 4.6; 95%  biotics; patients with end-stage demen-
ursing patients and 86 years (range, 71-102  CI, 1.8-11.8). Twenty-one (55%: tia were significantly more likely to re-
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I
Figure. Kaplan-Meier Survival Curves for
Patients With Hip Fracture and Pneumonia
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Table 2. Cox Proportional Hazards Model
for Hip Fracture and Pneumonia for

6 Months After Admission

Hazard Ratio
(95% Confidence
Risk Factor Interval}
Patients With Pneumonia (n = 119)
Dementia 4.6(1.8-11.8)
Higher pneumonia 3.1{(1.1-8.9)
severity score
Oider age 1.1 (0.98-1.1)
Patients With Hip Fracture (n = 97)
Dementia 5.8(1.7-20.4)
Higher Charlson 1.4(1.1-1.8)
comorbidity score
Unable to walk/transfer 3.4 (1.3-8.9)
Nursing home residence 1.5(0.5-4.5)
Older age 1.0 (0.99-1.1)

*Patients were assigned a pneumonia severity score
usinga prediction rule developed by Fine et al.*'

ceivea third-generation cephalosporin
or antipseudomonal penicillin (43% vs
13%:P=.009). A decision was made to
withdraw antibiotics in 2 end-stage de-
mentia patients with pneumonia.

Patient Care and Procedure Use

The frequency of use of 9 common pro-
cedures that have been shown to be
moderately to severely painful or un-
comfortable is shown in TABLE 3. There
were no significant differences in the
number of burdensome procedures re-
ceived by end-stage dementia and cog-
nitively intact patients, and end-stage
dementia patients were significantly
morelikely to be restrained. Addition-

50 JAMA, July 5, 2000—Vol 284, No. 1

ally, hip fracture patients with end-
stage dementia received a mean of 1.7
mg/d of morphine sulfate equivalents
compared with 4.1 mg/d for cogni-
tively intact patients (P<<.001) and no
end-stage dementia patients received
premedication prior to being turned,
transferred, or repositioned. Further-
more, only 9 (24%) of 38 hip fracture
patients with end-stage dementia—
who often are unable to communicate
the presence of pain or need for anal-
gesia—received a standing order for an-
algesics (including acetaminopfien or
nonsteroidal anti-inflammatory drugs).

Finally, no documentation was found
of any discussions about goals of care,
including decisions to withhold or with-
draw life-sustaining treatment (includ-
ing antibiotics) for 106 (90%) of 118
end-stage dementia patients. Two pa-
tients with end-stage dementia (1 with
hip fracture and 1 with pneumonia)
were discharged to a nursing home with
hospice at the initiative of a hospital so-
cial worker. Decisions were made to
forgo life-prolonging therapies other
than cardiopulmonary resuscitation
for 8 end-stage dementia patients (7%)
compared with 1 cognitively intact pa-
tient (1%). The decision to withhold
these life-prolonging therapies was
made when patients either were coma-
tose or were hypotensive in the set-
ting of multisystem organ failure and
death appeared imminent.

COMMENT

This study found high 6-month mortal-
ity for patients with end-stage dementia
following hospitalization for pneumo-
nia (53%) or hip fracture (55%) com-
pared with cognitively intact patients
with the same conditions. Despite this
high mortality, we observed almost no
differences in the care that end-stage
dementia patients received compared
with cognitively intact adults and no evi-
dence that palliative care was under-
taken either in conjunction with or
instead of life-prolonging measures for
dementia patients. For example, treat-
ment plans in end-stage dementia
patients did not address the high symp-
tom burdens associated with these 2 con-

ditions (eg, we found no evidence of mor-
phine use to treat dyspnea or efforts to
premedicate patients prior to painful
interventions such as transferring from
bed to chair). Also, there did not appear
to be consideration of limiting burden-
some interventions (eg, arterial blood gas
measurement, phlebotomy, urinary cath-
eter insertion) in patients with end-
stage dementia. No palliative care plans
(eg, opting to focus measures on enhanc-
ing and promoting comfort rather than
life prolongation or cure) were identi-
fied; few discussions with families about
the goals of hospital care, implement-
ing a palliative care plan, or discharging
a patient to hospice were noted; and few
decisions to forgo life-sustaining therapy
were made. These data suggest that
advanced dementia is not viewed as a ter-
minal diagnosis by physicians or fami-
lies, perhaps because physicians and
families may not be aware of the poor
short-term prognosis for these patients.

Previous studies examining progno-
sis in dementing illnesses have been
confined to patients with mild-to-
moderate dementia'®* and those in nurs-
ing homesand hospice care.>” This study
is the first to examine survival follow-
ing hospitalization for 2 common ill-
nesses in this population. Our data sug-
gest that pneumonia severe enough to
warrant hospitalization in end-stage de-
mentia is associated with a limited
6-month prognosis, even following treat-
ment with antibiotics and other life-
prolonging therapies and controlling for
pheumonia severity.

Survival data following hip fracture
for patients with advanced cognitive im-
pairment are even more limited than
those available for pneumonia be-
cause most hip fracture studies either
have excluded nursing home resi-
dents or have not specifically reported
mortality for advanced dementia pa-
tients.’»?>® Qur study suggests that hip
fracture is a catastrophic event for pa-
tients with advanced dementia and
is associated with a low initial in-
hospital mortality (5%) but a high
6-month mortality (55%). Whether hip
fracture directly increases the risk of
death or is a marker for increased
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frailty and higher probability of devel-
opinga fatal medical complication has
yet to be determined.

There are several limitations to this
study that should be noted. First, this
study was undertaken at 1 hospital
and the results may not be generaliz-
able to other institutions in other set-
tings. Second, it is possible that surro-
gates of end-stage dementia patients
opted for a palliative approach for
their relatives the next time they
became ill, which may have resulted in
an overall higher mortality rate than if
they had received life-prolonging
therapy. Fifty-four percent of the end-
stage dementia patients who died were
readmitted to our acute care hospital
within 6 months of their index hospi-
talization compared with 58% of cog-
nitively intact patients who died, sug-
gesting no difference in whether
cognitively intact or end-stage demen-
tia patients were to be rehospitalized
when acutely ill. Third, this study was
undertaken in New York State, where
a health care proxy or clear and con-
vincing evidence of a patient’s wishes
is required to withhold or withdraw
life-sustaining therapy. Sixty percent
of hip fracture patients with end-stage
dementia and 70% of pneumonia
patients with end-stage dementia did
not have an advance directive. There
were, however, no significant differ-
ences in decisions to withhold or
withdraw care between patients with
and without an advance directive, and
advance directives were not signifi-
cantly associated with survival in uni-
variate analyses for either hip fracture
or pneumonia. Again, these data sug-
gest that advanced dementia with
superimposed pneumonia or hip frac-
ture may not be viewed as a terminal
diagnosis by physicians or families.
Fourth, we relied on medical record
review to determine whether conver-
sations about the goals of care
occurred between families of end-stage
dementia patients and physicians. It is
possible that such discussions
occurred and that physicians failed to
document these conversations when
families opted for standard medical

END-STAGE DEMENTIA AND ACUTE ILLNESS

Table 3. Prevalence of Painful/Uncomfortable Procedures

No. (%) of Patients Receiving Procedure

[

With Hip Fracture

With Pneumonia

f 1T 1
Cognitively ~ With End-Stage  Cognitively ~With End-Stage

Intact Dementia Intact Dementia
Procedures (n = 59) (n = 38) (n = 39) (n = 80)

Arterial blood gas 15 (25) 12 (32) 6 (15) 9(11)
measurement

Central line placement 2(3) 1) 2 (5) 4(5)

Indwelling bladder catheter 33 (56) 23 (61) 4 (10) 46 (58)t
insertion*

Intravenous catheter insertion 44 (75) 31 (82) 32 (82) 65 (81)
(after admission)

Mechanical restraint use 1(2) 12 (32)t 1) 12 (15)%

Nasogastric tube placement 1(2) )} 0 4 (5)

Daily phlebotomy during 33 (56) 27 (71) 19 (49) 36 (45)
=50% of hospital stay

Intravenous catheter present 24 (41) 25 (66) 25 (64) 44 (55)
for entire hospital stay

Mechanical ventilation (not 1) 0 0 2(3)

including that associated
with general anesthesia)

*inserted at time of admission in pneumonia patients and 24 or more hours after surgery in hip fracture patients.

TP<.001.
1P = .04.

therapies. Finally, this study excluded
end-stage dementia patients with
pnreumonia or hip fracture for whom a
decision was made not to admit to the
hospital and excluded patients with
cancer. Thus, our survival rates for
end-stage dementia patients may be
higher than might be expected if all
end-stage dementia patients were
included.

In summary, we found that end-
stage dementia patients who received
routine hospital care for pneumonia or
hip fracture had a 4-fold increase in
6-month mortality compared with el-
derly cognitively intact adults with the
same diagnoses (53% vs 13% for pneu-
monja patients and 55% vs 12% for hip
fracture patients) and had survival rates
similar to patients hospitalized with
chronic end-stage liver disease, multi-
organ system failure with sepsis, and
some metastatic cancers.**? This study
cannot determine whether acute hospi-
tal care prolongs survival in end-stage de-
mentia patients with pneumonia or hip
fracture, and further studies are needed
to help clinicians identify those pa-
tients whose survival might be pro-
longed. Given the burdens of treatment
associated with pneumonia and hip frac-

ture that we have identified in this
study—burdens that probably are greater
in individuals with dementia because
they cannot understand the reasons for
tests or treatments, prepare for them
emotionally, refuse them if desired, or re-
quest analgesia—and the high mortal-
ity observed following these illnesses, we
believe that increased attention needs to
be directed to relieving pain and other
distressing symptoms and minimizing
burdensome interventions in hospital-
ized end-stage dementia patients. Fur-
thermore, given the high probability of
death following pneumonia or hip frac-
ture in the setting of end-stage demen-
tia, we encourage physicians to initiate
discussions with patients’ surrogates
about achievable goals for medical care
and establish treatment plans consis-
tent with these goals to minimize pre-
ventable pain and discomfort for these
patients.
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We must trust to nothing but facts: These are pre-
sented to us by Nature, and cannot deceive. We ought,
in every instance, to submit our reasoning to the test
of experiment, and never to search for truth but by
the natural road of experiment and observation.
—Antoine Lavoisier (1743-1794)
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