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Table 2

Patient Characteristics of Hydration and Nonhydration Group

Hydration Group (n=44)

Nonhydration Group (n=81) P

Age 66 4 14 68 & 12 0.41
% n % n
Gender (male) 55 (24) 46 (37) 0.34
Primary site 0.082
Stomach 55 (24) 30 (24)
Colon 18 (3) 23 (19)
Pancreas 16 7 14 an
Rectum 4.5 (2) 14 (11)
Bile duct 2.3 (1) 49 (4)
Ovary 0 6.2 (5)
Others 4.5 (2) 8.6 (7
Metastatic sites
Lung 14 (6) 25 (20) 0.15
Pleura 18 (8 21 a7 0.71
Liver 43 (19) 46 (37) 0.79
Peritoneum 77 (34) 59 (48) 0.043
Complications and treatments
Oral intake fluids <500 mL/day 1 week before death 84 (37 52 (42) <0.001
Vomiting 39 (17) 27 (22) 0.19
Intestinal obstruction 66 (29) 54 (44) 0.21
Intestinal drainage 30 (13) 7.4 (6) <0.001
Ascites drainage 18 [€)) 9.9 (8) 0.18
Pleural drainage 2.3 (1) 2.5 (2) 1.0
Diuretics 34 (15) 41 (33) 0.47
There were no significant differences in mean in the subgroup of patients with oral intake of
BUN/creatinine, sodium, or potassium levels fluids <500 mL/day, with a marginal statistical
between the groups. significance. There were no significant differ-
ences in the prevalence of azotemia, hypema-
) ) tremia, or hyperkalemia between the groups.
Prevalence of Hypoalbuminemia, Prerenal
Azotemia, Hyper/Hyponatremia, and
Hyperkalemia in the Last Week Interaction Between Hydration Group and
In the entire sample and in the subgroup of the Changes in Albumin, BUN/Creatinine,
patients with oral intake of fluids <500 mL/ Sodium, and Potassium Levels During the
day, the prevalence of hypoalbuminemia was Last 3 Weeks
significantly higher in the hydration group A total of 93 patients (74% of 125 analyzed pa-
than in the nonhydration group (Table 4). tients) received laboratory examinations both 3
The prevalence of hyponatremia tended to be weeks and 1 week before death. There were no
higher in the hydration group than in the non- statistically significant differences in patient
hydration group, both in the entire sample and age, gender, and primary site between the
Table 3

Laboratory Findings in the Last Week

All samples

Patients with Peritoneal

Patients with Oral Intake

Metastasis Fluids <500 mL/day

Hydration Nonhydration

Hydration Nonhydration

Hydration Nonhydration

Group Group Group Group Group Group

(n=44) (n=281) P (n=34) (n=48) P (n=37) (n=42) P
Albumin (g/L) 24+ 052 274050 0005 244049 27055 0025 2.4+053 27050 0.005
BUN/creatinine 46 + 20 40 + 21 0.18 48 £ 20 40 + 18 0.069 48 + 20 42 4+ 22 0.19
Sodium (mmol/L) 135 &+ 6.4 136 + 5.3 048 136+ 6.6 135 £ 5.0 032 135 £ 6.6 136 £ 5.1 0.33
Potassium (mmol/L) 4.4:+072 44+088 091 43+073 43+£094 091 43+£072 43+£098 093
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Table 4
Prevalence of Abnormal Laboratory Findingsin the Last Week
Patients with Patientswith Oral Intake
All Samples Peritoneal Metastasis Fluids <500 mL/day
Hydration Nonhydration Hydration Nonhydration Hydration Nonhydration
Group Group Group Group Group Group
(n=44) (n=81) (n=34) (n=48) (n=37) (n=42)
% n % n P % n % n P % n % n P
Hypoalbuminemia 23 (10) 8.6 (7 0.028 21 (D) 10 () 020 24 (9 48 (2) 0.020
(<2.0g/L)
Prerenal azotemia® 11  (5) 6.2 (5) 0.57 12 4) .2 (2) 039 14 (5) 7.1 (3) 0.39
Hypernatremia 6.8 (3) 49 4) 070 88 (3) 2.1 (1) 031 81 (8 4.8 (2) 066
(>145 mmol/L)
Hyponatremia 27 (12) 14 (11) 0074 21 (V) 19 9y 091 27 (10) 12 (5) 0.087
(<180 mmol/L)
Hyperkalemia 0 4.9 (4 030 29 (1) 8.3 (4 039 0 4.8 (2) 0.50
(>6.0 mmol/L)

BUN/creatinine >72.

patients who had laboratory data at the two
points in time and those who had only one-
point data (data not shown). Fig. 1 demon-
strates that there was a statistically significantin-
teraction between hydration group and
changes in albumin level (2.8 & 0.68 mg/dL 3
weeks before death to 2.4 + 0.56 mg/dL 24
hours before death in the hydration group vs.
28 = 053 to 2.6 £ 045mg/dL in the

nonhydration group). There were no signifi-
cant interactions between the hydration group
and changes in the BUN/creatinine, sodium,
or potassium levels during the last 3 weeks (34
4 15, 3 weeks before death, to 44 4 17, 24 hours
before death in the hydration group, vs. 81 17
to 39 £ 20 in the nonhydration group; 134 £
6.1 to 136 + 6.6 mmol/L vs. 135 & 4.7 to 136
+ 5.8mmol/L; 44 £ 0.65 to 44 £ 0.68

g/L Albumin BUN/creatinine
2.9¢
P=0.015
2.8 \ 45 ¢
> »
2.7 AT / P=0.58
- N
\ .. .0
»
2.6 \ 5 .8
*»
”
2.5 Lo
\ 35 ( P
2.4 .
.
*
@
2.3 4 | 30
3 weeks before death 1 week before death 3 weeks before death 1 week before death
mmol/L Sodium mmol/L Potassium
140 5.0
P=0.67 P=0.75
138 4.8
136 ey "4 4.6
P ./
134 4.4 Omrare =8
o/' e =
132 4.2 -*
rik
130 4.0

3 weeks before death 1 week befora death

Fig. 1. Association between hydration practice and changes in laboratory findings. (O) Hydration

(n=37); (@) nonhydration group (n=>56).

3 weeks before death 1 week before death

group
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Fluid Balance in the Final 3 Weeks (n=53)

3 Weeks Before Death

1 Week Before Death 24 Hours Before Death

Calculated fluid balance
Median (range)
Ranges

—400 (—1600, 757)

~521 (—1750, 493) —421 (—2086, 1057)

< —-1000 mL/day 94% (n=25) 19% (n=10) 13% (n=17)
—1000 to —500 mL/day 38% (n=20) 36% (n=19) 32% (n=17)
—499 to 0 mL/day 38% (n=20) 34% (n=18) 34% (n=18)
1-500 mL/day 11% (n=6) 11% (n=6) 17% (n=9)
>500 mL/day 3.8% (n=2) 0 3.8% (n=2)
Output data
Urine volume (mean, mL/day) 951 + 492 876 + 478 590 + 460
Drainage volume (median, mL/day)
Vomiting 29 (n=12) 71 (n=8) 14 (n=17)
Intestinal 160 (n=12) 116 (n=12) 127 (n=16)
Ascites 214 (n=16) 157 (n=5) 0
Pleural effusion 286 (n=23) 71 (n=3) 186 (n=2)
mmol/L vs. 4.2 £ 0.66 to 4.4 £+ 0.91 mmol/L; Discussion

respectively).

Associations Between Calculated Fluid
Balance and the Changes in Clinical
Signs of Dehydration and Fluid Retention

Of 113 patients who consumed 500 mL./day
or less fluid intake orally throughout the last 3
weeks, 53 patients had complete fluid balance
data. There were no statistically significant dif-
ferences in patient age, gender, and primary
site between the included and excluded pa-
tients, but the included patients were signifi-
cantly more frequently recruited from
oncology settings (data not shown). The per-
centages of patients receiving artificial hydra-
tion of 500 mL/day or more was 92% 3
weeks before death, 83% 1 week before death,
and 72% 24 hours before death.

Table b summarizes the fluid balance data
during the final 3 weeks. The percentage of pa-
tients with positive calculated fluid balance was
less than 25% throughout the three study
points.

The calculated fluid balance was not signifi-
cantly different between the patients with dete-
rioration in scores of dehydration, edema,
ascites, and pleural effusion during the last 3
weeks and those without (Table 6). Moreover,
the calculated fluid balance was not signifi-
cantly linearly correlated with the changes in
dehydration, edema, ascites, and pleural effu-
sion scores (p=10.012 and 0.93; p =0.051 and
0.72; p=20.14 and 0.30; p=0.085 and 0.55,
respectively).

This is, to the best of our knowledge, the
first multicenter prospective study to explore
the association between artificial hydration
practice and laboratory findings, as well as be-
tween fluid balance and clinical signs of dehy-
dration and fluid retention in the last week of
life in terminally ill cancer patients.

One of the important findings of this study
was that active hydration was significantly asso-
ciated with hypoalbuminemia. This interaction
of artificial hydration with the changes in albu-
min levels during the last 3 weeks remained
statistically significant after adjusting multiple

Table 6
Fluid Balance of the Patients With
and Without Deteriorated Scores of
Dehydration and Fluid Retention

Mean Median
(mL/day)  (mL/day) P

Dehydration score® 0.79
+3 or more (n=11) —475+453 —400
+2 or less (n=42) —~572 + 547 —~572

Edema score® 0.87
+3 or more (n=20) —582+542 —450
+2 or less (n=33) —534 4 524 —549

Ascites score® 0.23
+1 or more (n=10) —365-+518 —250
0 or less (n=43) —596 + 524 —595

Pleural effusion score® 0.14
+1 or more (n=2>5) —284 + 773 93
0 or less (n=48) —580 + 497 —-572

“Calculated from three physical findings. A higher score indicates
a higher level of dehydration, with possible range of 0-5.
®Calculated from seven physical findings. A higher score indicates
a higher level of peripheral edema, with possible range of 0-21.
‘Rated as 0 (physically nondetectable) to 2 (symptomatic).
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covariates. The potential mechanism of this
phenomenon includes dilution by a large
amount of fluids in artificial hydration therapy,
and this finding supports a clinical assumption
that excessive artificial hydration could result
in fluid retention through decrease in colloid
osmotic p]ressure.w’m’17

The second important finding of this study
was that, even when artificial hydration was
not actively performed, sodium and potassium
levels in the last week were within essentially
normal ranges in a great majority of patients.
In this study, median of calculated fluid bal-
ance was —400 mL/day or less throughout
the last 3 weeks and only 20% of the patients
had positive fluid balance. Nonetheless, hyper-
natremia and hyperkalemia were identified in
less than 10% of the patients. These findings
are consistent with preliminary empirical find-
ings from hospice settings that, even in pa-
tients who received no artificial hydration,
mean sodium and potassium levels were within
normal ranges.s’f” Therefore, it is assumed
that serious sodium and potassium imbalance
is not always common in terminally ill cancer
patients, even if they do not receive active arti-
ficial hydration. These results suggest that the
physiology of water metabolization in the ter-
minal stage of cancer might be different
from that in healthy or acute stage patients, be-
cause insensible water loss, depending on calo-
ric expenditure, might be smaller in patients
with cachexia and lower mental activity,9’15
and/or because fluid shift could occur from
the third space to the intravenous component.
Physiological studies to clarify water metabo-
lism and amount of water required for termi-
nally ill cancer patients are strongly needed.

Of special note was that BUN/creatinine
levels constantly increased in the last 3 weeks
regardless of whether the patients received
artificial hydration therapy or not. This finding
supports a hypothesis suggested by an observa-
tional study on a small number of abdominal
cancer patients that the pathophysiology of de-
hydration in terminally ill cancer patients is in-
travenous water depletion caused by fluid shift
from the intravascular component to the inter-
stitial spaces, not total body dehydraticm.17 It
suggests that artificial hydration therapy does
not always alleviate water depletion under the
condition in which administered water cannot
be maintained in the intravascular component,

due to increased membrane permeability and/
or decreased colloid osmotic pressure.

The third important finding of this study is
that calculated fluid balance was not strongly
associated with changes in clinical signs of de-
hydration and fluid retention. This finding re-
flects a hypothesis that not total fluid deficit
but fluid shift from intravascular components
to interstitial spaces is a major factor in the de-
velopment of fluid retention in terminally ill
cancer patients.17 The clinical implication of
this finding is that fluid balance study is not
an appropriate alternative to direct evaluation
of patient symptoms.

This study clearly has multiple major limita-
tions, and interpretation of the findings re-
quires special caution. First, laboratory and
fluid balance studies were performed accord-
ing to clinical requirements, and all patients
did not receive these examinations. We believe,
however, that this is an acceptable limitation of
this study, because clinical research designed to
obtain these examinations from all terminally
ill patients is practically and ethically difficult
and would result in unacceptable recruitment
bias, and because patient backgrounds were
notsignificantly different between the included
and excluded patients. Second, this is an ob-
servational study, and therefore contains some
treatment bias. Third, study subjects were limited
to those with abdominal malignancies, and
thus the results might not be applicable to other
patients. Fourth, because calculated fluid
balance did not include actually measured in-
sensible water loss and oral intake volume,
the fluid balance data calculated in this study
might be over or underevaluated. Fifth, we in-
vestigated only fluid volume, and electrolytes
or calories (hyperalimentation or not) adminis-
tered for each patient was not considered. Sixth,
reliability of the measurement schedule adop-
ted in this study was not formally established. Fi-
nally, the small sample size made several
statistical analyses difficult and limits generaliza-
tion of the conclusions.

In conclusion, active artificial hydration
could result in hypoalbuminemia, with no
clear beneficial effects on normalizing BUN/
creatinine, sodium, or potassium levels, and
fluid balance does not strongly correlate with
actual changes in clinical signs of dehydration
and fluid retention. Calculated fluid balance
would not be an appropriate alternative to
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direct monitoring of patient symptoms. More
study is clearly needed to determine the role
of artificial hydration therapy in the last
3 weeks for the terminally ill cancer patients.
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Appendix
Japan Palliative Oncology Study Group

The members of this group are Taketoshi Ozawa, MD, Palliative Care Unit, Yokohama Kosei Hospi-
tal; Chikako Kato, MD, Hospice, St. Francis Hospital; Yoshiyuki Kizawa, MD, Palliative Care, Tsukuba
Medical Center Hospital; Takeshi Okabe, MD, Okabe Clinic; Hiroyuki Kohara, MD, PhD, Palliative
Care, National Sanyo Hospital; Yasuo Shima, MD, Palliative Care, National Cancer Hospital East; Kaya-
ko Shimamura, MD, Hospice, Kyuseigun Kiyose Hospital; Yoshikazu Chinone, MD, Palliative Care, Jap-
anese Red Cross Medical Center; Yoshi Tsukiyama, MD, Department of Palliative Medicine, Wakayama
Medical University; Junichi Tsunoda, MD, Palliative Care, Sannou Hospital; Kenji Nishitateno, MD,
General and Medical Director, Peace House Hospice; Akitoshi Hayashi, MD, Director of Hospice Ser-
vice, The Japan Baptist Hospital; Yoshifumi Honke, MD, Department of Palliative Care, Hiroshima
Prefectural Hospital; Hideaki Nagai, MD, PhD, Department of Palliative Medicine, National Tokyo
Hospital; Makoto Miyoshi, MD, Palliative Care, Kitakyushu Municipal Medical Center; Kinomi Yomiya,
MD, Palliative Care, Saitama Cancer Center; Fumiki Asanuma, MD, Department of Surgery, Kitasato
Institute Hospital; Yoshikazu Ashino, MD, Department of Surgery, Fukushima-rosai Hospital; Hisanao
Ohkura, MD, Medical Oncology Division, Ibaraki Kenritsu Chuo Hospital & Cancer Center; Hiroyuki
Otani, MD, Department of Internal Medicine, Second Teaching Hospital, Fujita Health University
School of Medicine; Nobuhiro Tsukada, MD, Department of Internal Medicine, Saiseikai Center Hos-
pital; Nobuhisa Nakajima, MD, Department of Surgery, Sapporo Social Insurance General Hospital;
Akira Hoshino, MD, Department of Surgery, Iwate Prefectural Kitakami Hospital; Toshihiro Matsuura,
MD, Department of Gastroenterology, Chubu National Hospital; Takatsugu Kawagoe, MD, Depart-
ment of Surgery, Toki General Hospital; Takuya Aoki, MD, PhD, Respiratory Division, Department
of Internal Medicine, Saiseikai Central Hospital; and Takayuki Kaburagi, MD, Internal Medicine, Ibar-
aki Kenritsu Chuo Hospital & Cancer Center.
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