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Abstract: Introduction. Hypophosphatemia may prolong ventilation and induce weaning failure.
Some studies have associated hypophosphatemia with increased mortality. Starting or restarting
nutrition in a critically ill patient may be associated with refeeding syndrome and hypophosphatemia.
The correlation between nutrition, mechanical ventilation, and hypophosphatemia has not yet been
fully elucidated. Methods. A retrospective cohort study of 825 admissions during two consecutive
years was conducted. Using the electronic medical chart, demographic and clinical data were obtained.
Hypophosphatemia was defined as a phosphate level below 2.5 mg/dL (0.81 mmol/L) in the first
72 h of ICU admission. Comparisons between baseline characteristics and outcomes and multivariate
analysis were performed. Results. A total of 324 (39.27%) patients had hypophosphatemia during
the first 72 h of ICU admission. Patients with hypophosphatemia tended to be younger, with
lower APACHE-II, SOFA24, and ∆SOFA scores. They had a longer length of stay and length of
ventilation, more prevalent prolonged ventilation, and decreased mortality. Their energy deficit
was lower. There was no effect of hypophosphatemia severity on these results. In multivariate
analysis, hypophosphatemia was not found to be statistically significant either with respect to
mortality or survivor’s length of ventilation, but lower average daily energy deficit and SOFA24
were found to be statistically significant with respect to survivor’s length of ventilation. Conclusion.
Hypophosphatemia had no effect on mortality or length of ventilation. Lower average daily energy
deficit is associated with a longer survivor’s length of ventilation.

Keywords: hypophosphatemia; length of ventilation (LOV); energy deficit

1. Introduction

Hypophosphatemia is a common disorder in the critically ill [1,2], found in 15–35% [2,3]
of critically ill patients. It has many potential causes, including sepsis [4], refeeding
syndrome [5], burns [6], continuous renal replacement therapy (CRRT) [7,8], respiratory
alkalosis [9], malnutrition [3], and alcoholism [10].

There is no agreed cutoff value for the phosphate level that defines hypophosphatemia.
A meta-analysis by Sin et al. [2] noted several cutoff levels between 1.5–2.9 mg/dL
(0.48–0.94 mmol/L). Recent papers have suggested the cutoff of 2.5 mg/dL (0.81 mmol/L)
for hypophosphatemia, 2 mg/dL (0.65 mmol/L) for moderate hypophosphatemia, and
1 mg/dL (0.32 mmol/L) for severe hypophosphatemia [3,11]. An earlier cutoff level of
2 mg/dL for hypophosphatemia was suggested as it stands three standard deviations
lower than the population mean [12]. The prevalence of hypophosphatemia varies based
on the cutoff values used. It also varies between general hospital and ICU populations. A
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2005 review [13] found phosphate levels below 1 mg/dL in almost 10% of ICU patients,
and 30% of this population had phosphate levels below 2.5 mg/dL, although there was
large variability.

In the critically ill patient, hypophosphatemia is associated with several adverse
outcomes. While some papers have suggested a correlation between hypophosphatemia
and mortality [4,14,15], others have not [1,2,16,17]. Correlation with weaning failure and
longer duration of ventilation has been demonstrated [5,18,19], but this is also inconclusive,
as some studies have demonstrated no effect or even shorter ventilation duration in patients
who had hypophosphatemia [16,20]. The increase in the duration of ventilation seems to
prolong hospitalization [2,5,11]. While the prevalence of hypophosphatemia is generally
examined over the course of the entire duration of hospitalization, when examining the
effects of hypophosphatemia on length of ventilation and mortality, many studies consider
only the phosphate level early during the hospitalization [1,5,16].

A correlation between the energy intake of ventilated patients and its effect on phos-
phate level, length of stay, length of ventilation, and mortality has not been clearly es-
tablished, and the evidence is conflicting. Some papers describe lower mortality with
higher energy intake [21], whereas others have reported the opposite relationship [22]. For
example, Arabi et al. found no difference in mortality between standard enteral feeding
and permissive underfeeding [23]. Other outcomes, such as length of stay, length of ven-
tilation, and phosphate level changes, may be associated with increased energy delivery
to the patient [21,24]. The impact of each of the possible factors (baseline characteristics,
prognostic scores at admission, energy administration proportional to patient need, and
hypophosphatemia) on these outcomes has not been established. This study aimed to
better describe some of these correlations. Since we have observed a correlation between
energy delivery and phosphate level, we planned to examine the effect of energy intake and
hypophosphatemia on patients’ major outcomes, i.e., mortality and length of ventilation.

2. Materials and Methods

This study was approved by the ethics committee of Rabin Medical Center.
We conducted a retrospective analysis of data collected from the electronic medical

charts of all ventilated patients who were admitted to a 16-bed general mixed medical-
surgical adult ICU over two consecutive years (1 January 2019 through 31 December 2020).
For patients who were admitted more than once in the ICU, only the first admission was
used.

Data obtained included gender, age at admission, body mass index (BMI), hospitaliza-
tion dates, length of stay, readmissions, the acute physiology and chronic health evaluation
II (APACHE-II) score, the sequential organ failure assessment (SOFA) score at 24 h and 72 h
from admission, and its renal component score, changes in the SOFA score (∆SOFA) at
24 and 72 h from admission, ICU admission category (medical, surgical, trauma, obstet-
rics, transplantation), daily minimal phosphate level during the first 72 h of admission,
blood gas results during the first 72 h of admission (pH, pCO2, bicarbonate level, and
base excess), length of ventilation, total energy provided during hospitalization, daily
average target energy estimated by the Faisy-Fagon equation [25,26], and ICU outcome
(discharge to a hospital ward, discharge to a rehabilitation center, or death; patients who
were discharged alive from ICU but died in subsequent ICU readmission (within the same
hospital admission) were considered as mortality in the first ICU admission).

For each patient, we calculated the time-weighted average of pH, pCO2, bicarbonate,
base excess, and kidney function SOFA score during the first 72 h from admission. We used
the kidney SOFA score as a surrogate to kidney function, as creatinine levels do not reflect
urine volume changes, and are affected by muscle tissue waste, and dialysis status.

For each ventilated patient we calculated the energy deficit by subtracting the total
amount of energy administered from the average resting energy expenditure calculated
by Faisy-Fagon’s formula [26] multiplied by the length of stay (days). This deficit was
adjusted to the length of stay to define the average daily energy deficit (AvgDED).
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Prolonged ventilation was defined as ventilation that lasted more than a week, based
on weaning difficulty classification [27].

Mortality occurrence within the first week of ICU admission shortens ventilation
duration. To avoid this masking, we performed two analyses: (1) a composite outcome,
Vent7Mortality, which includes all those patients who died and those who survived but
were ventilated for more than 7 days; (2) comparison of length of ventilation only of
the survivors.

Statistical analysis was performed using SAS vs. 9.4 (SAS Institute, Cary, NC, USA).
We compared baseline characteristics and patient outcomes between patients who were
found to have hypophosphatemia (phosphate lower than 2.5 mg/dL) in the first 72 h of
ICU admission and those who did not (in case of several results of low phosphate during
that period, the lowest level was used). Comparisons were made using the student’s t-test
or Mann–Whitney for numerical variables and the chi-square test for categoric variables. A
multivariate logistic regression was performed to define the odds ratio (OR) for prolonged
ventilation, mortality, and Vent7mortality.

3. Results
3.1. Baseline Characteristics

During the study period, there were 1376 admissions to our ICU. Excluding 440 admissions
of non-ventilated patients, 109 readmissions, and 2 other admissions (one with asystole
on admission who did not survive, and one who had an error in a glucose admission
order that altered the number of calories prescribed)—825 patients were used for the
analysis (Figure 1).
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Figure 1. Flow chart of study design.

Three hundred twenty-four (39.27%) patients had hypophosphatemia during the
first 72 h of ICU admission (that is, a phosphate level lower than 2.5 mg/dL during this
period). Of these patients, one hundred seventy-four (21.10%) had phosphate levels less
than 2 mg/dL, and twenty-one (2.55%) had phosphate levels less than 1 mg/dL.

Table 1 shows the baseline characteristics of the patients, grouped by hypophos-
phatemia level. Patients with hypophosphatemia were younger (55.76 vs. 60.03, p < 0.01),
had lower APACHE-II score (20.35 vs. 23.38, p < 0.001), lower SOFA24 score (7.53 vs. 8.91,
p < 0.001), and lower ∆SOFA (−1.08 vs. −0.40, p < 0.001). Their Kidney SOFA score was 1
point lower than the non-hypophosphatemia group; and they tended to be slightly more
alkalemic (pH 7.4 vs. 7.36, p < 0.001), mainly due to a slightly higher bicarbonate level
(26.1 mmol/L vs. 23.5 mmol/L, p < 0.001). There was also a difference in the admission
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reason to ICU between patients with hypophosphatemia and those without (p < 0.001)—
primarily a greater number of trauma admissions in the hypophosphatemia group. There
was no significant difference between patients with and without hypophosphatemia re-
garding sex and BMI.

Table 1. Baseline characteristics.

Total Without Hypophosphatemia
Minimal p ≥ 2.5 mg/dL

With Hypophosphatemia
Minimal p < 2.5 mg/dL

825 501 (60.73%) 324 (39.27%)

Age (years) 58.36 ± 17.58 60.03 ± 16.95 55.76 ± 18.24 p < 0.01

Male sex (n, %) 523 (63.39%) 320 (61.19%) 203 (38.81%) p = 0.767

BMI (kg/m2) 28.00 ± 6.53 28.08 ± 6.52 27.87 ± 6.55 p = 0.654

APACHE II 22.09 ± 7.68 23.38 ± 8.02 20.35 ± 6.84 p < 0.001

SOFA24 8.34 ± 3.51 8.91 ± 3.59 7.53 ± 3.23 p < 0.001

∆SOFA24-72 −0.70 ± 2.79 −0.40 ± 2.98 −1.08 ± 2.49 p = 0.005

pH 7.38 ± 0.07 7.36 ± 0.8 7.4 ± 0.05 p < 0.001

pCO2 (mmHg) 42.90 ± 8.05 42.46 ± 8.16 43.57 ± 7.86 p = 0.013

HCO3
− (mmol/L) 24.53 ± 4.37 23.51 ± 4.45 26.11 ± 3.71 p < 0.001

Base Excess (mmol/L) −0.02 ± 5.11 −1.23 ± 5.26 1.83 ± 4.32 p < 0.001

Kidney SOFA score 1.05 ± 1.32 1.5 ± 1.39 0.45 ± 0.92 p < 0.001

Admission reason (n,%)

Medical 437 (52.97%) 259 (51.70%) 178 (54.94%)

p < 0.001

Surgical 183 (22.18%) 126 (25.15%) 57 (17.59%)

Trauma 135 (16.36%) 58 (11.58%) 77 (23.77%)

Obstetrics 10 (1.21%) 9 (1.80%) 1 (0.31)

Transplantation 60 (7.27%) 49 (9.78%) 11 (3.40%)

p value is based on t-test or Mann–Whitney (as appropriate) for numerical variables and chi-square test for
categorial variables.

3.2. Admission Outcomes

Table 2 shows patient admission outcomes.

Table 2. Outcomes of admissions.

Total Without Hypophosphatemia
Minimal p ≥ 2.5 mg/dL

With Hypophosphatemia
Minimal p < 2.5 mg/dL

N 825 501 324

Length of stay (days) 8.93 ± 9.83 8.11 ± 9.97 10.19 ± 9.48 p < 0.001

Length of ventilation (days) 7.55 ± 8.85 6.69 ± 8.65 8.90 ± 8.99 p < 0.001

Prolonged ventilation (n, %) 291 (35.27%) 149 (29.74%) 142 (43.83%) p < 0.01

Average daily energy
deficit (Kcal/day) −1091.05 ± 574.41 −1175.88 ± 566.51 −959.89 ± 562.59 p < 0.01

Death (n, %) 297 (36.0%) 219 (43.71%) 78 (24.07%) p < 0.01

Vent7Mort (n, %) 478 (57.94%) 299 (59.68%) 179 (55.25%) p = 0.2

p value is based on t-test or Mann-Whitney (as appropriate) for numerical variables and chi-square test for
categorial variables.
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The length of ICU stay was significantly higher in the hypophosphatemia group
compared with the non-hypophosphatemia group (10.19 days vs. 8.11 days, p < 0.001).

The length of ventilation was longer in the hypophosphatemia group compared with
the non-hypophosphatemia group (8.90 days vs. 6.69 days, p < 0.001). Prolonged ventilation
was more frequent among patients with hypophosphatemia than among those without
(43.83% vs. 29.74%, p < 0.01).

The average daily energy deficit was less negative (i.e., a smaller energy deficit) in the
hypophosphatemia group compared with the non-hypophosphatemia group
(−959 Kcal/day vs. −1175 Kcal/day, p < 0.01).

The mortality rate was lower in the hypophosphatemia group (24.07% vs. 43.71%,
p < 0.01). The unadjusted OR for mortality in the hypophosphatemia group was 0.41
(95% CI 0.3–0.56).

The composite outcome Vent7mortality was not significantly different between the hy-
pophosphatemia and non-hypophosphatemia groups (55.25% vs. 59.68% respectively, p = 0.21).
The unadjusted OR for Vent7mortality was 0.83 (95% CI 0.63–1.11).

Concerning hypophosphatemia severity, the only difference in any of baseline char-
acteristics between patients with mild, moderate, and severe hyperphosphatemia was
SOFA24, which was lower in patients with mild hypophosphatemia than in those with
moderate and severe hypophosphatemia (6.92, 7.98, and 8.56 respectively; p < 0.03 for mild
vs. moderate, and p < 0.04 for mild vs. severe). There was no difference in outcomes (length
of stay, length of ventilation, prolong ventilation, AvgDED, mortality, and Vent7Mortality)
according to hypophosphatemia severity. See Supplementary Table S1.

3.3. Survivors’ Analysis

Among the 528 survivors, there was no difference between the hypophosphatemia
group and non-hypophosphatemia group regarding age, sex, BMI, or APACHE-II (Table 3).

Table 3. Baseline characteristics and outcomes of survivors only.

Total Without Hypophosphatemia
Minimal p ≥ 2.5 mg/dL

With Hypophosphatemia
Minimal p < 2.5 mg/dL

N 528 282 246

Age (years) 54.60 ± 17.99 55.38 ± 17.48 53.70 ± 18.55 p = 0.28

Male sex (n, %) 333 (63.07%) 175 (62.06%) 158 (64.23%) p = 0.61

BMI (kg/m2) 28.13 ± 6.59 28.15 ± 6.59 28.11 ± 6.60 p = 0.95

APACHE II 19.53 ± 6.81 20.08 ± 7.11 18.99 ± 6.49 p = 0.16

SOFA24 7.61 ± 3.22 8.12 ± 3.51 7.06 ± 2.79 p = 0.001

∆SOFA24-72 −1.20 ± 2.87 −1.13 ± 3.11 −1.26 ± 2.64 p = 0.74

pH 7.40 ± 0.05 7.39 ± 0.06 7.41 ± 0.04 p < 0.001

pCO2 (mmHg) 42.8 ± 7.25 42.37 ± 6.72 43.30 ± 7.80 p = 0.14

HCO3
− (mmol/L) 25.5 ± 3.68 24.79 ± 3.69 26.31 ± 3.52 p < 0.001

Base Excess (mmol/L) 1.14 ± 4.17 0.31 ± 4.11 2.09 ± 4.05 p < 0.001

Kidney SOFA score 0.83 ± 1.26 1.27 ± 1.39 0.38 ± 0.82 p < 0.001

Admission reason

Medical 258 (48.86%) 133 (47.16%) 125 (50.81%)

p < 0.001

Surgical 100 (18.94%) 58 (20.57%) 42 (17.07%)

Trauma 110 (20.83%) 43 (15.25%) 67 (27.24%)

Obstetrics 10 (1.89%) 9 (3.19%) 1 (0.41%)

Transplantation 50 (9.47%) 39 (13.83%) 11 (4.47%)
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Table 3. Cont.

Total Without Hypophosphatemia
Minimal p ≥ 2.5 mg/dL

With Hypophosphatemia
Minimal p < 2.5 mg/dL

Average daily energy
deficit (Kcal/day) −1087.30 ± 593.10 −1177.76 ± 594.84 −983.60 ± 547.98 p < 0.001

Length of stay (days) 8.87 ± 9.35 7.83 + 9.02 10.07 ± 9.59 p < 0.01

Length of ventilation (days) 7.27 ± 8.71 6.17 ± 8.24 8.53 ± 9.08 p = 0.002

Prolonged ventilation 181 (34.28%) 80 (28.37%) 101 (41.06%) p = 0.02

p value is based on t-test or Mann-Whitney (as appropriate) for numerical variables and chi-square test for
categorial variables.

SOFA24 was lower in the hypophosphatemia group (7.06 vs. 8.11, p = 0.001); kidney
SOFA score was almost 1 point lower in the hypophosphatemia group; pH was slightly
higher in the hypophosphatemia group (7.41 vs. 7.39, p < 0.001) mainly due to slightly
higher bicarbonate level (26.3 mmol/L vs. 24.8 mmol/L, p < 0.001); AvgDED was higher
(−983.6 vs. −1177.76, p < 0.001). There was also a significant difference in the admission
category (more trauma patients in the hypophosphatemia group).

The length of ventilation was higher in the hypophosphatemia group (8.53 days
vs. 6.17 days, p = 0.002). Prolonged ventilation was more frequent among surviving pa-
tients with hypophosphatemia than among surviving patients without hypophosphatemia
(41.07% vs. 28.37%, respectively, p = 0.02). Unadjusted OR for prolonged ventilation in the
hypophosphatemia group was 1.75 (95% CI 1.22–2.52).

3.4. Multivariate Analysis

In multivariate analysis for mortality (Table 4a), hypophosphatemia was not found as
a significant covariate (OR 0.77, 95% CI 0.42–1.44). Among covariates that were examined,
age, SOFA24, ∆SOFA, AvgDED, and trauma admission category were found to be signifi-
cant. These results were not changed after incorporating into the model acid-base data.

Hypophosphatemia was not found to be a significant covariate regarding the sur-
vivor’s ventilation length (Table 4b). Among covariates that were examined, female sex,
SOFA24, ∆SOFA, AvgDED, and obstetrics category of admission were found significant.
These results were not changed after incorporating into the model acid-base data.

Admission to ICU due to trauma was significantly more prevalent in the hypophos-
phatemia group. As the mortality rate of trauma patients with hypophosphatemia was
lower, an analysis of only trauma patients was performed. Similar to the whole cohort,
in the trauma patient population, patients with hypophosphatemia experienced longer
ventilation periods (OR 2.45, 95% CI 1.11–5.41). A trend towards lower mortality of
trauma patients with hypophosphatemia was found (OR 0.43, 95% CI 0.18–1.04), and
hypophosphatemia was not found to be a significant covariate to the composite outcome
of Vent7Mortality in trauma patients (OR 1.55, 95% CI 0.77–3.09). Multivariate analysis
found neither baseline characteristics nor hypophosphatemia to be significant covariates
for mortality or Vent7mortality, but AvgDED was found to be a significant covariate to
Vent7Mortality (See Supplementary Table S2).
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Table 4. Multivariate analysis. (a) Multivariate analysis for mortality; (b) Multivariate analysis for
survivor’s length of ventilation.

(a)

Effect OR 95% Confidence Limits
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Bold covariates are statistically significant. 

Hypophosphatemia was not found to be a significant covariate regarding the survi-
vor’s ventilation length (Table 4b). Among covariates that were examined, female sex, 
SOFA24, ΔSOFA, AvgDED, and obstetrics category of admission were found significant. 
These results were not changed after incorporating into the model acid-base data. 

Admission to ICU due to trauma was significantly more prevalent in the hypophos-
phatemia group. As the mortality rate of trauma patients with hypophosphatemia was 
lower, an analysis of only trauma patients was performed. Similar to the whole cohort, in 

hypophosphatemia 2.242 0.797 6.289

age 1.026 0.996 1.058

female sex 0.143 0.043 0.473

BMI 1.039 0.961 1.123

APACHEE-II 0.973 0.889 1.066

SOFA24 1.311 1.090 1.576

∆SOFA 1.267 1.045 1.537

Obgyn (vs. medical) 0.003 0.001 0.384

Transplant (vs. medical) 0.711 0.045 11.339

Trauma (vs. medical) 3.825 0.866 16.897

Surgical (vs. medical) 1.025 0.319 3.280

Average daily energy
deficit 1.005 1.003 1.006

Bold covariates are statistically significant.

4. Discussion
4.1. Baseline Charectaristics & Energy Delivery

Hypophosphatemia is generally associated with poor outcome measures such as
mortality rate, prolonged ventilation periods, and prolonged ICU and hospital stays [2,4].
Based on the commonly cited cutoff value of 2.5 mg/dL [3,11], we compared two groups
of patients—those with hypophosphatemia (at least one result lower than 2.5 mg/dL
during the first 72 h of ICU admission) and those without. The baseline characteristics
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were different between these groups—patients with hypophosphatemia were younger, had
lower APACHE-II, SOFA24, and ∆SOFA scores. They had lower kidney SOFA score and
tended to have slightly higher pH mainly due to slightly elevated bicarbonate level (both
parameters during the first 72 h of admission). A higher proportion of trauma admission
category was noted among patients with hypophosphatemia.

As for the acid-base difference, although statistically significant, its clinical importance
is likely negligible, as the absolute difference is minimal (0.04 difference at the pH level,
and 2.5 mmol/L difference in the bicarbonate level).

The higher kidney SOFA score of the patients without hypophosphatemia is probably
explained by hyperphosphatemia of kidney injury. Hyperphosphatemia is correlated with
other severity scores such as APACHE-II and SOFA [28].

There is no clear explanation for the difference in these baseline characteristics be-
tween patients with hypophosphatemia and those without. Some of these differences
(younger age [16] and lower prognostic score [20]) have been described in patients with
hypophosphatemia, however other studies have not found such differences [1,5,14].

Patients with hypophosphatemia also received more energy during their hospitaliza-
tion (as evident by the lower AvgDED). It is possible that nutritional support was started
earlier in the younger and less severe patients (as evident by the less negative AvgDED), and
therefore more of these patients developed refeeding syndrome and early hypophosphatemia.

Another possible explanation is that hypophosphatemia may be a marker of recovery.
In fulminant hepatic failure, and during recovery after hepatectomy, hypophosphatemia is
a well-established marker of a favorable prognosis [29,30]. At the cellular level, hypophos-
phatemia is correlated with higher levels of intracellular ATP. This has been described
specifically in liver diseases, and not in general critically ill patients, and therefore the
generalizability of this hypothesis has not been previously substantiated. If this hypothesis
is correct, we can further posit that hypophosphatemia may be associated with a more
favorable prognosis (similar to a lower APACHE-II and SOFA). This may explain the higher
occurrence of trauma patients in the hypophosphatemia group.

4.2. Mortality & Prolonged Ventilation

Although hypophosphatemia was found to be significant as a covariate for lower
mortality rate in univariate analysis, this could not be established in multivariate analysis.
The absence of hypophosphatemia effect on mortality is concurrent with some of recent
literature [1,2,16,17], but this issue is controversial, as other papers have demonstrated
increased mortality [4,14,15] in patients with hypophosphatemia. The lower mortality rate
in the hypophosphatemia group may be explained by the younger age and lower severity
scores of these patients. AvgDED was found to be significant in the multivariate analysis
for mortality (OR CI 0.999–1.0). This might suggest a beneficial effect of energy delivery to
the patient.

With respect to the composite outcome combining mortality and prolonged venti-
lation, there was no difference demonstrated between the groups. Bearing in mind the
lower mortality rate in the hypophosphatemia group, the lack of difference between the
groups with respect to this combined composite outcome may be attributable to a higher
prevalence of prolonged ventilation, both in the entire cohort, and in the survivors alone.
Hypophosphatemia has been demonstrated to be correlated with prolonged ventilation
and extubation failure [5,18,19]. As we did not collect daily fluid status, number of extu-
bation failures or failed spontaneous breathing trails, we cannot better characterize the
relationship between prolonged ventilation and hypophosphatemia in our cohort. Whether
the similarity in Vent7Mortatilty between groups (i.e., lower mortality and higher pro-
longed ventilation rate in the hypophosphatemia group, and the opposite outcomes in the
non-hypophosphatemia group) is a random finding seen in this cohort or not will require
further evaluation.
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4.3. Survivor’s Length of Ventilation

While the length of ventilation in the hypophosphatemia group was longer in uni-
variate analysis, this was not demonstrated in multivariate analysis. Differences observed
between groups were in the SOFA24 score, which was lower in the hypophosphatemia
group; the admission category, with a higher proportion of trauma patients in the hypophos-
phatemia group; and AvgDED, which was less negative in the hypophosphatemia group.

In multivariate analysis, significant covariates were SOFA24, ∆SOFA, AvgDED, female
sex, and an admission category of obstetrics.

In the hypophosphatemia group, ventilation duration was longer (almost 2.5 days),
whereas SOFA24 was lower (1.06 difference), as compared to the non-hypophosphatemia
group. However, SOFA24 was found to be a significant covariate with respect to prolonged
ventilation. Longer ventilation (and hospitalization) would be expected in more severe
diseases, implied by a higher SOFA24, especially among surviving patients. As such, the
difference of 1.06 points in the SOFA score between the groups is likely clinically insignifi-
cant. Moreover, longer ventilation is more common among severe trauma patients, who
need longer ICU hospitalization due to the nature of their injuries—first until stabilization,
and later until achieving definite surgical solution and regaining full consciousness.

The covariate significance of obstetric admissions must be interpreted with caution
as the number of obstetric admissions was very low in our cohort, representing only
10 of 825 admissions. Moreover, these patients are generally young, previously healthy
women who were ventilated for shorter periods, most often following emergency caesarian
section due to severe preeclampsia. The statistical significance must be interpreted in the
context of the small number of patients and the specific characteristics in this group.

The other covariate that may explain the length of ventilation among survivors in
the multivariate analysis is the average daily caloric deficit (OR CI 1.003–1.006). This
finding might be explained by the appearance of the refeeding syndrome [11], as more
energy is delivered to the patient. Due to refeeding syndrome, patients might suffer
from weakness, and not be successfully weaned. Our ICU is very mindful of refeeding
syndrome—both in terms to prevention and treatment, as evident from the very low
incidence of severe hypophosphatemia in our cohort (2.55%). It is possible that aggressively
screening for hypophosphatemia and correcting it, especially several hours after initiating
or re-initiating nutrition (as done regularly in our ICU), mitigated the prevalence of severe
hypophosphatemia. This higher energy delivery might have caused the pathological
process leading to the refeeding syndrome, in turn translating into longer ventilation
periods. However, as the hypophosphatemia was corrected aggressively, it was not found
to be a significant covariate to the length of ventilation.

4.4. The Interaction of Energy Delivery, Hypophsphatemia, & Patient Outcomes

The relationship between hypophosphatemia and energy delivery has been stressed
by Doig et al. A protocolized energy restriction to ICU patients suffering from hypophos-
phatemia resulted in significant improvements in overall survival time and mortality at
60 days follow-up [31]. These findings show that in terms of correction of hypophos-
phatemia, it is recommended to decrease the energy administration simultaneously, as
advised by ESPEN, the European Society of Clinical Nutrition and Metabolism [32]. Nev-
ertheless, our analysis suggests that energy administration with hypophosphatemia does
not cause increased mortality and may be safe in a similar patient cohort. The correlation
between mortality and phosphate level is generally considered as U shaped: higher phos-
phate levels are generally associated with kidney injury (as was noticed in our cohort),
which by itself is a factor for increased mortality; lower phosphate levels may be related to
energy intake [33].

The increased length of ventilation was explained by higher energy administration
in our cohort. Overfeeding is related to increased length of ventilation [24], and so it is
not surprising that higher energy delivery, as opposed to hypophosphatemia, is related
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to longer ventilation duration. It is possible that this effect of longer ventilation duration
without increased mortality depends on refeeding syndrome mechanism.

Of note, we did not evaluate in this study whether there is a difference between enteral
and parenteral support. As energy delivery to the patient is increased until achieving
energy target (whether enteral or parenteral), it seems logical that nutritional support
administration would have similar results irrespective of delivery form, but this should be
separately assessed.

4.5. Limitations

Our work has several limitations. First, it is a retrospective cohort study. Second,
we could not use indirect calorimetry to assess resting energy expenditure (REE) and the
caloric deficit. Indirect calorimetry is known to better assess REE, while formulas aiming
to calculate REE are often inaccurate. However, indirect calorimetry was performed only
in minority of the patients (189 measurements in 73 patients (8.85% of the cohort), and
therefore we could not use the measurements. Faisy-Fagon formula, used in this study,
has been shown to be more accurate than other formulas [25,26,34]. Third, the average
daily caloric deficit is only an average calculated over the entire hospitalization, not a
clinical parameter. Most energy delivery deficit likely develops at the beginning of the
admission, as the patient does not prescribed energy due to hemodynamic instability or
severe hypoxemia. Although AvgDED was designed to adjust for the length of stay, in
longer hospitalization courses the effect of energy deficits during the first days of the
hospitalization is smaller. However, as this factor was found to be significant in most of the
analysis, we suggest it should not be ignored.

5. Conclusions

Hypophosphatemia had no effect on mortality or the length of ventilation in our
cohort of critically ill patients. Lower energy deficits, which are markers of higher energy
delivery to the patient, were associated with longer length of ventilation periods among
survivors. Further research is needed to better describe this finding.
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