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Predictors of Thirst in Intensive Care Unit Patients

Nancy A. Stotts, RN, EdD, Shoshana R. Arai, PhD, RN, Bruce A. Cooper, PhD, Judith E.
Nelson, MD, JD, and Kathleen A. Puntillo, RN, PhD

University of California San Francisco (N.A.S., S.R.A,, B.A.C, K.A.P.), San Francisco, California;
and Icahn School of Medicine at Mount Sinai (J.E.N.), New York, New York, USA

Abstract

Context—Thirst is a pervasive, intense, and distressing symptom in intensive care unit (ICU)
patients. Although thirst may be avoided and/or treated, scant data are available to help providers
identify patients most in need.

Objectives—This study was designed to identify predictors of the presence, intensity, and
distress of thirst in ICU patients.

Methods—This descriptive cross-sectional study enrolled 353 patients from three ICUs
(medical-surgical, cardiac, and neurological). To measure outcomes, patients were asked to report
the presence of thirst (yes/no) and, if present, to rate its intensity and distress on zero to 10
numeric rating scales (10 = worst). Predictor variables were demographic (e.g., age), treatment-
related (e.g., opioids), and biological (e.g., total body water). Data were analyzed with logistic
regression and truncated regression with alpha preset at 0.05.

Results—Thirst presence was predicted by high opioid doses (=50 mg), high furosemide doses
(>60 mg), selective serotonin reuptake inhibitors, and low ionized calcium. Thirst intensity was
predicted by patients not receiving oral fluid and having a gastrointestinal (GI) diagnosis. Thirst
distress was predicted by mechanical ventilation, negative fluid balance, antihypertensive
medications, and a Gl or “other” diagnosis.

Conclusion—Thirst presence was predicted by selected medications (e.g., opioids). Thirst
intensity and/or thirst distress were predicted by other treatments (e.g., mechanical ventilation) and
medical diagnoses (e.g., GI). This is one of the first studies describing predictors of the
multidimensional characteristics of thirst. Clinicians can use these data to target ICU patients
whose thirst might warrant treatment.
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Introduction

Methods

Thirst is a prevalent, intense, distressing, and under appreciated symptom in intensive care
(ICU) patients.! Thirst is closely tied to regulation of the body s fluid balance.? Increases in
osmolality and decreases in volume increase levels of angiotensin Il. Fluid balance is tightly
regulated; fluctuations in fluid status remain at less than 1%.3 However, ICU patients
undergo many treatments that are not only essential for their recovery but that also may
result in derangement of the neuroendocrine pathways that regulate fluid balance and thirst.*
Medications such as diuretics and analgesics also may predispose patients to fluid imbalance
and thirst.®> Older age is a recognized risk factor for fluid imbalance and decreased thirst
sensation.b.7

In a study of 50 chronically critically patients, 36 were able to report symptoms and almost
90% of those reported thirst.8 Thirst also has been reported in 70% or more of critically ill
cancer patients (n = 100), © ICU patients at high risk of dying (n = 171), 10 and mechanically
ventilated ICU patients (n = 15).11 Thirst intensity was moderate to severe across these
various groups. Moderate-to-severe thirst distress also was reported in cancer patients, 2
chronically critically ill patients?, and patients at high risk of dying in the ICU.10

Despite its frequency, thirst is not routinely assessed or treated. Thirst presence, intensity,
and distress, like pain, are treatable and could be reduced. Understanding the contribution of
factors that can impact thirst may help clinicians target ICU patients who would benefit
from thirst assessment and treatment.

This study was part of a larger trial that tested an intervention to relieve thirst.12 The
participating institution provided ethical approval for the study. Patients (n = 349) or
surrogates (n = 4) provided written consent. Data were gathered from January 2010 to May
2012. The overall aim of this study was to identify predictors of thirst in ICU patients. Three
hypotheses were tested, namely demographic, treatment-related, and biological variables
predict 1) thirst presence, 2) thirst intensity, and 3) thirst distress.

Research nurses recruited patients from three ICUs (medical-surgical, cardiac, and
neurological) of a major West Coast medical center. The sample included English-speaking
adults (=18 years) who were oriented to name, date of birth, and location and were in the
ICU at least 24 hours at enrollment. We sought patients who could self-report thirst, as self-
report is the gold standard for symptom assessment; thus, we included patients who were
oriented and scored between -1 and +1 on the Richmond Agitation Sedation Scale (i.e., not
sedated or agitated).12 We enrolled patients who reported no thirst and those whose thirst
intensity or thirst distress score was three or higher on a zero to 10 numeric rating scale
(NRS; worst = 10). Patients with an NRS score of one or two were not included so there
would be a clear delineation between those with and without thirst. Patients with electrical
devices (e.g., pacemaker) were excluded, as these instruments preclude use of bioelectrical
impedance analysis (BIA), the measure of total body water (TBW).
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The research nurse asked each patient whether he/she was thirsty and the patient answered
yes or no to measure thirst presence. For those with thirst, thirst intensity and distress were
separately measured using zero to 10 NRS. Anchor words for thirst intensity were “no
thirst” and “worst possible thirst” and for thirst distress were “no distress” and “very
distressing.” Validity of the NRS is established. 14 - 16

The BIA measured resistance and reactance (Quantum Il; RJL Systems, San Diego, CA) as
the basis for calculating TBW (liter) 17 and hydration status (hypovolemia, normovolemia,
or hypervolemia).1® The BIA accurately measures water in the fluid compartments1920 and
volume status is related to thirst.” Resistance and reactance accuracy of the Quantum Il is
+1.0 © (Quantum Il Manual). Patients' weight and height were measured (tape measure or
knee-height calipers) 2! to calculate body mass index (BMI; normal, overweight, or obese).

The research nurse abstracted demographic, treatment-related, and biological data from
patients' medical records for the day of enrollment (7 aw until 6:59 av the next day).
Demographic and health variables were age (years; <65 or >65), gender (male/female), race/
ethnicity (white, African-American, Asian, other, or Hispanic), total days in ICU, whether
the patient died in ICU (yes/no), primary diagnosis at ICU admission (neurological,
cardiovascular, respiratory, gastrointestinal [G1], or other [infection, organ failure, or
cancer]), and severity of illness (Acute Physiology and Chronic Health Evaluation Il
[APACHE 11]).22-24

Treatment-related variables included oral care (yes/ no; none, minimal, or standard), which
was recorded because of the potential effect on reducing thirst by stimulating oropharyngeal
osmoreceptors. 25 Sources of fluid intake (specifically the presence of a nil per os [NPO]
order [yes/no], oral intake of fluid over the enrollment day [volume in milliliters (mL)], and
fluid balance [intake — output/100 mL]) also were recorded because of their known effect on
thirst.2 Medications that might affect fluid balance or thirst and their doses were documented
and classified, that is, opioids (later translated into morphine equivalents, yes/no; mean 24
hour opioid dose; none, <50 mg, or >50 mg); diuretics, serotonin reuptake inhibitors
(SSRIs); antihypertensive medications; steroids; and proton pump inhibitors. Of the
diuretics, only furosemide was retained in later analyses (yes/no; none, <30 mg, 31 — 60 mg,
or >60 mg). Mechanical ventilation at enrollment (yes/no) was another treatment-related
variable.

In addition to TBW and BMI, the biological variables recorded were electrolytes (sodium,
potassium, and ionized calcium), blood urea nitrogen (BUN), and glucose to calculate
plasma osmolality.26 Serum osmolality was calculated using the formula (2 [Na + K]) +
(BUN/2.8) + (glucose/18). Creatinine was recorded as a measure of renal function.

Statistical Analysis

Hypothesis 1 (thirst presence) was tested using the patients divided into thirst and no-thirst
groups. Hypotheses 2 (thirst intensity) and 3 (thirst distress) were tested within the thirst
group. All hypothesis testing was two sided.
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All data were de-identified and double entered into IBM Statistical Package for the Social
Sciences (SPSS) for Windows® Version 22 (IBM Corp; Armonk, NY).27 Data were
cleaned, files compared with SPSS Stats Builder, and descriptive statistics calculated.

Identifying Predictors of Thirst Presence—To test the association between
demographic, treatment-related, and biological variables and thirst presence, a bivariate
association was assessed with each of the variables, using point biserial correlations for
continuous measures and phi coefficients for dichotomous measures. Variables that
correlated with thirst presence (alpha = 0.05) were then entered into a multiple logistic
regression model.28 To build the exploratory models, the selected variables in the model
were entered jointly and removed one at a time, least significant first, until all predictors
were significant with alphas = 0.05, assuming the model itself was significant with alpha =
0.05.28.29

Identifying Predictors of Thirst Intensity—To test the association between
demographic, treatment-related, and biological variables and thirst intensity, truncated
regression analysis was performed. 3031 Truncated regression is necessary to correct the
expected error distribution over the restricted range, when a portion of the observed
distribution is excluded from the regression analysis (i.e., scores of 1 or 2). This hypothesis
was tested with alpha = 0.05 (two-sided) for the model, and predictors were retained if
significant in the model at alpha = 0.05. Data were analyzed with Stata/SE for Windows®
Release 13 (StataCorp LP; College Station, TX), 32 using the “truncreg” program. Predictors
not meeting the criterion were removed, one at a time, until all predictors remaining in the
model were significant at 0.05.28

Identifying Predictors of Thirst Distress—To test the association between
demographic, treatment-related, and biological variables and thirst distress, truncated
regression analysis was used as it was for the examination of thirst intensity.

Of 1181 eligible ICU patients, 252 were in the thirst group and 101 in the no-thirst group
(Fig. 1). The mean age of the entire sample was 55.7 years (standard deviation [SD] = 14.5).
Most participants were white and male; the most frequent primary diagnosis was
neurological. The mean thirst intensity score in the thirst group was 6.67 (SD = 2.03) and the
mean thirst distress score was 6.35 (SD = 2.32).

Hypothesis 1: Thirst Presence

Bivariate analysis (Table 1) showed that thirst presence was significantly related to higher
APACHE Il scores, more frequent NPO orders, not receiving oral fluid, a higher percent of
patients receiving opioids, higher daily doses of opioids, high doses of furosemide, receiving
SSRiIs, and lower levels of ionized calcium. Further exploration of the presence of an NPO
order showed that some patients who were NPO received oral fluids; thus, this variable was
omitted from further analysis. Also, medical diagnostic categories differed between the thirst
and no-thirst groups (P = 0.016); however, the difference was not significant when further
explored with paired post hoc analyses.

J Pain Symptom Manage. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stotts et al.

Page 5

A bivariate analysis was performed to explore the relationship of thirst presence and TBW,
BMI, hydration status (hypovolemic, normovolemic, or hypervolemic), and electrolyte
values (Table 1). None of those relationships was significant. Further exploration of the
impact of these measures on thirst presence was conditioned on gender and BMI, but
regression analysis yielded no significant interaction between TBW and gender (P = 0.32) or
BMI (P = 0.34) or between hydration status and thirst (P = 0.34), even when we controlled
for age (P = 0.67).

Finally, a multiple logistic regression analysis was performed on the significant thirst-
associated variables. The final model showed that the significant predictors of thirst
presence were a higher opioid dose, higher furosemide dose, SSRIs, and lower ionized
calcium level (Table 2). For each 50 mg increase in opioids (none, <50 mg, or >50 mg), the
patient was 1.26 times more likely to be thirsty. For each 30 mg increase in furosemide
(none, <30 mg, 31-60 mg, or >60 mg), the patient was 1.4 times more likely to be thirsty.
Logistic regression analyses also estimated that, with a 0.1 decrease in ionized calcium,
patients were 35.4% more likely to experience thirst. Predicted probabilities of thirst
presence from the final model correlated with thirst presence (r = 0.306) and predicted 9.4%
of the variance in the presence of thirst.

Hypothesis 2: Thirst Intensity

Variables that met the preset criteria were entered into the truncated regression analysis,
specifically, medical diagnosis, mechanical ventilation, higher serum sodium, and oral fluids
(yes/no). Only medical diagnosis and not taking oral fluids were significant predictors of
thirst intensity in the final model (Table 3). Regression analysis showed that, when other
variables were controlled for, taking oral fluids reduced thirst intensity by 1.7 points, and
being in the GI diagnosis group increased thirst intensity by 1.5 points compared with the
reference group (neurological).

Exploratory truncated regressions were completed to determine whether thirst intensity
scores were associated with theoretically plausible interactions between diagnosis (Gl,
neurological, and “other™), age (<65 or<65), fluid balance (low or normal), hydration status
(hypovolemic, normovolemic, or hypervolemic), plasma osmolality, sodium level (low or
normal), and glucose level (normal, high, or very high). No statistically significant
interaction was identified.

Hypothesis 3: Thirst Distress

Variables that met the preset criteria were entered into the truncated regression analysis for
thirst distress (mechanical ventilation, negative fluid balance, taking oral fluid, serum
glucose level, plasma osmolality, APACHE Il score, and antihypertensive medications).
Thirst distress in the final model was predicted by mechanical ventilation, negative fluid
balance, antihypertensive medications, and a Gl or “other” diagnosis (Table 4). Thirst
patients were in negative fluid balance by an average of about 260 cc; however, the SD was
large (1860 cc).
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Regression analysis showed that when controlling for the other variables in the model, being
in the GI diagnosis group increased thirst distress scores by three points when compared
with the reference group. Thus, for a patient with average thirst distress, being in the Gl
group would raise average thirst distress from 6.4 to 8.8. Being in the “other diagnoses”
group would increase thirst distress by 2.7 points, raising the average score to 9.4. Although
our sample of ventilated patients was small, mechanical ventilation increased thirst distress
by 2.4 points, raising the mean distress score to 8.8. Antihypertensive medications increased
distress by 1.8 points. Fluid balance, although statistically significant, had little effect on
thirst distress scores; that is, distress increased only 0.03 points for each 100 cc of fluid
deficit; thus, a 1 L fluid deficit would increase thirst distress by only 0.3 points.

Exploratory truncated logistic regressions showed no interaction on thirst distress scores
between diagnosis and the same variables as used for the follow-up analysis for thirst
intensity. Finally, we explored the possibility that multicollinearity among the predictors
might have influenced the selection of predictors that remained in the final models. We
examined multicollinearity among predictors for both thirst intensity and thirst distress by
computing the variance inflation factor (VIF) for each predictor. No VIF was worrisome
using the criterion by Fox33 (square root of VIF > 2 — 2.5). We found no pattern that
indicated that the VIF level was associated with significance or nonsignificance of
predictors examined in the multivariable models.

Discussion

This is the first study to use multivariable analyses to examine demographic, treatment-
related, and biological predictors of thirst presence, intensity, and distress in ICU patients.
Thirst presence was predicted by high doses of opioids and furosemide, SSRIs, and lower
ionized calcium. Thirst intensity was predicted by not taking oral fluids and having a Gl
diagnosis. Thirst distress was predicted by a Gl or “other” diagnosis, mechanical ventilation,
antihypertensive medications, and negative fluid balance.

Presence of Thirst

Medications were predictors of thirst presence (i.e., furosemide, opioids, and SSRISs).
Furosemide, a loop diuretic, would be expected to increase osmolality and thus thirst.
Although minimal information exists about how diuretics affect thirst, consistent with our
data are findings from one study showing higher furosemide use (P < 0.0001) and thirst (P <
0.001) in heart failure (HF) patients vs. non-HF patients;3* multivariate analysis was not
reported.

A high daily dose of opioids was a predictor of thirst presence, which is important as opioids
are often administered to ICU patients.3® Although some studies report the prevalence of
thirst in ICU patients, no multivariable analyses identified opioids as a predictor of thirst.
Animal research indicates that opioids function, at least in part, in the hypothalamus near the
thirst center and opioids demonstrate both inhibitory38 and excitatory effects on

drinking, 37:38 a proxy for thirst. Clinically, nurses identified opioids as one cause of thirst in
mechanically ventilated patients.3? In contrast, Morita et al*® found that opioids were not
associated with thirst in terminally ill cancer patients (n = 50, P = 0.51); opioids were
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associated with thirst in only two of the 16 patients with severe thirst (visual analogue scale
>8), a finding limited by the small sample size.

Consistent with other reports, 4142 the SSRIs were associated with thirst in our study.
Although the mechanism of action is not entirely understood, the SSRIs may cause
hyponatremia by altering regulation of antidiuretic hormone and possibly stimulating
sodium appetite. Similarly, data in rats show that the SSRIs increase sodium appetite and
drinking. The SSRIs inhibit electrical activity in the subfornical organ (SFO) found at the
entrance of the third ventricle, suggesting that these medications enhance sodium intake and
thirst by acting in this forebrain structure.43

Decreased ionized calcium increased thirst in our study. One explanation for this finding is
provided through laboratory studies showing that calcium sensing receptors have been
identified in relevant regions of the brain. The SFO has a high concentration of these
receptors and has been identified as a potential contributor to central regulation of fluid and
electrolyte balance.** Recent animal studies demonstrated that the calcium-regulating
glycoprotein stanninocalcin-1, which functions within the SFO, may modulate angiotensin Il
to regulate fluid intake.*® Also, a pediatric study that examined the effect of ionized
hypocalcemia on organ dysfunction early in the ICU stay found that treatment with
furosemide was associated with hypocalcemia, 46 perhaps contributing a partial explanation
for our ionized calcium findings. Nonetheless, the small difference inionized calcium seen in
this study is not a clinically meaningful difference; how this difference contributes to thirst
in ICU patients will require further study.

One surprising finding in our study was that age was not associated with thirst presence.
Prior research shows older persons have an attenuated thirst response.® Further work in ICU
patients is needed to understand why ICU patients' thirst response differs from that of
community-dwelling older adults.

Thirst Intensity

Our finding that thirst intensity was higher in patients who were not taking oral fluids is
consistent with physiological controls of fluid balance.2 Morita et al® found that reduced
oral intake significantly predicted thirst in cancer patients (n = 50) but was not a determinant
of thirst when entered into the multivariate equation, possibly from lack of power. In
addition, we had anticipated that TBW and osmolality would be important predictors of
thirst intensity, yet they were not key determinants of thirst intensity in our study. A
potential explanation may be found in the work of Siami et al*” who found a relative
arginine-vasopressin deficiency and diminished thirst during and after septic shock. Further
work is required to understand whether such a deficiency exists in other ICU patients
because Siami et al*” only examined patients with septic shock.

Volume of oral fluid intake has been examined extensively in the HF population as fluid
restriction is a mainstay of treatment. When liberal vs. conservative fluid intake was
compared in a crossover study, the only difference was in greater thirst intensity during the
conservative fluid phase.*8 A recent review of thirst in HF patients showed that limited oral
intake was consistently accompanied by increased thirst.49 Thus, the relationship between
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oral fluid intake and thirst intensity appears consistent across different populations who are
in control of their intake.

A Gl diagnosis also predicted increased thirst intensity in our study, similar to what was
reported in terminally ill cancer patients with a GI cancer diagnosis.*0 The GI group in our
study had a variety of diagnoses including liver failure; GI bleeding; and complex surgical
procedures, for example, liver transplant. Loss of fluids through fever, draining fistulas, and
diaphoresis may have caused these patients increased thirst intensity from low blood or total
body fluid volume. Yet no interaction with diagnosis was identified that would account for
thirst intensity when variables frequently associated with hypovolemia and hyperosmolality
were explored (fluid balance, hydration status, plasma osmolality, sodium level, and glucose
level). Further research is needed to understand this phenomenon.

Thirst Distress

Limitations

Thirst distress was predicted by mechanical ventilation, negative fluid balance,
antihypertensive medications, and a Gl or “other” diagnosis. Data have shown that 70-80%
of the mechanically ventilated patients experience thirst distress, 8:%49 and thirst was rated
as one of the three most remembered experiences in mechanically ventilated patients (n =
206).50 In a study of ventilated patients (n = 150), all reported that thirst was bothersome,
and 82% reported severity as moderate to extreme.5 Although our sample of ventilated
patients was limited, our data confirm its importance in thirst distress and help quantify its
magnitude.

As with thirst intensity, having a GI diagnosis or an “other” diagnosis (infection, organ
failure, or advanced cancer) increased thirst distress. However, exploration of variables
often associated with thirst distress did not provide an explanation as to why these groups
differed from the reference group (neurological patients).

Thirst distress was also significantly associated with having a negative fluid balance and
receiving antihypertensive medications. Given the small negative fluid balance and the large
SD, fluid balance in our sample contributed little to thirst distress. Some antihypertensive
medications may cause fluid loss and/or prevent fluid retention causing thirst distress.

Our data are cross-sectional and so show associations rather than cause and effect. The
sample may not reflect the nature of patients admitted to all ICUs; our sample had few
mechanically ventilated patients and many patients with a high BMI. Only about 30% of the
eligible patients agreed to participate, perhaps a reflection of the stress of serious illness and
demands of treatment. We were unable to tightly control the time of day when the patients
were recruited and so there was not a consistent time between blood draws, intake, number
of treatments, and patient thirst reports. We measured study variables only at baseline.

Conclusion

Important predictors of thirst presence were high doses of furosemide and opioids, and
SSRIs. The Gl diagnosis was the clinically significant predictor of thirst intensity.
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Meaningful predictors of thirst distress were mechanical ventilation, antihypertensive
medications, and having a Gl or “other diagnosis.” This study confirms the need to assess
multiple dimensions of thirst in the ICU setting and test interventions that address these risk
factors within the context of necessary ICU care. Clinicians can use these new relevant data
to reduce the discomfort and burden of thirst in critically ill patients.
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Eligible Patients
n=1181

Not Consented
n=828
Declined to participate (n = 642)
Tired, in pain, other (n = 137) n =353

Unable to understand consent (n = 29)

Consented

Restrictions - security, vision, hearing (n = 20)

Thirst No Thirst
Group* Group*

n=252 n=101

Fig. 1.
Flow diagram of screening and consent. *Thirst group: Thirst intensity and/or distress score

of three or higher on numeric rating scale. **No-thirst group: No thirst.
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Table 1
Comparison of Demographic, Treatment-Related, and Biological Variables in the Thirst

and No-Thirst Groups

Thirst Group (N = 252), n (%) or No-Thirst Group (N = 101), n (%)
Variables Mean % SD, (n) or Mean + SD, (n) P-value?

Demographic variables

Age (yrs) 55.0 + 14.4 (252) 57.4+14.5 (101) 0.162
Gender

Male 138 (54.8) 55 (54.5) 0.958

Female 114 (45.2) 46 (45.5)
Race

White (n = 237) 168 (66.7) 69 (68.3) 0.734

African American (n = 32) 25(9.9) 7(6.9)

Asian (n = 25) 16 (6.3) 9(8.9)

Other (n=59) 43 (17.1) 16 (15.8)
Hispanic (n = 59) 40 (16.1) 19 (18.8) 0.535
APACHE 11 (n = 353) 20.4 +8. 1 (252) 18.4 +7.1 (101) 0.030
Total ICU days (n = 353) 9.5+11.1(252) 7.3+5.3(101) 0.056
Died in ICU (n = 10) 8(3.2) 2(2) 0.779
Medical diagnostic category

Neurological (n = 102) 62 (24.6) 40 (39.6) 0.016

Cardiovascular (n = 85) 58 (23.0) 27 (26.7)

Respiratory (n = 61) 46 (18.3) 15 (14.9)

Gastrointestinal (n = 57) 47 (18.7) 10 (9.9)

Other (n = 48) 39 (15.5) 9(8.9)

Treatment-related variables

Oral care documented

No (n = 89) 64 (25.4) 25 (24.8) 0.259
Yes (n = 264) 188 (74.6) 76 (75.2)
NPO order
No (n = 267) 181 (71.8) 86 (85.1) 0.008
Yes (n = 86) 71 (28.2) 159 (14.9)
Oral intake
No (n = 66) 54 (21.4) 12 (11.9) 0.038
Yes (n=287) 198 (78.6) 89 (88.1)
Fluid deficit/excess (100 cc) -2.6 +18.6 (252) -1.3+12.3(101) 0.510
Hydration status (n = 302)
Hypovolemic (n = 45) 28 (13.7) 17 (17.3) 0.620
Normovolemic (n = 211) 143 (70.1) 68 (69.4)
Hypervolemic (n = 46) 33 (16.2) 13 (13.3)
Opioids (n = 237) 183 (72.6) 54 (53.5) <0.001
Morphine equivalent opioids 24 hour dose (mg) 51.5+ 116 (252) 20.3+5.9 (101) 0.079

Morphine equivalent opioids 24 hour (n = 353)
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Variables Mean % SD, (n) or Mean + SD, (n) P-value?
None (n = 116) 69 (27.4) 47 (46.5) <0.001
Low dose, <50 mg (n = 174) 129 (21.2) 45 (44.6)
High dose, >50 mg (n = 63) 54 (21.4) 9(8.9)
Diuretics (n = 115) 87 (34.5) 28 (27.7) 0.219
Furosemide (n = 353)
None (n = 273) 187 (74.2) 86 (85.1) 0.032
Low dose, 1-30 mg (n = 23) 17 (6.7) 6(5.9)
Moderate dose, 31-60 mg (n = 35) 31 (12.3) 4(4.0)
High dose, >60 mg (n = 22) 17 (6.7) 5 (5.0)
Selective serotonin reuptake inhibitors (n = 48) 40 (15.9) 8(7.9) 0.049
Antihypertensives (n = 151) 105 (41.7) 46 (45.5) 0.507
Steroids (n = 91) 58 (32.7) 33(23.0) 0.061
Proton pump inhibitor (n = 259) 189 (75.0) 70 (69.3) 0.275
Mechanical ventilation (n = 17) 15 (6.0) 2 (2.0 0.116
Biologic variables
Body mass index (BMI) (n = 332) 30.2 + 7.9 (234) 30.1+8.1(98) 0.886
Body mass index (n = 327)
Normal (n = 90) 62 (26.8) 28 (29.2) 0.844
Overweight (n=97) 70 (30.3) 27 (28.1)
Obese/morbidly obese (n = 140) 99 (42.9) 41 (42.7)
Total body water (n = 302) 46.8 + 17.2 (204) 44.8 +11.24 (98) 0.440
Plasma osmolality, mmol/kg (n = 337) 297.3+ 115 295.0 £ 10.7 0.092
Sodium, mmol/L (n = 337) 136.7 £4.0 136.4 3.9 0.558
Potassium, mg/dL (n = 337) 4.0+0.47 40+04 .360
lonized calcium, mmol/L (n = 296) 116 £0.1 1.19+0.07 0.006
Glucose, mg/dL (n = 337) 135+ 58 127 +33 0.234
BUN, mg/dL (n = 337) 23.5+19.8 19.5+175 0.087
Creatinine, mg/dL (n = 296) 13+10 121+16 0.557

a . I - .
Bold items in this column are statistically significant.
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APACHE = Acute Physiology and Chronic Health Evaluation Il; ICU = intensive care unit; NPO = nil per os; BUN = blood urea nitrogen.
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