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Objectives: Antibiotic associated hypernatremia (AAH) is a frequent concern in critically ill patients
who are taking B-lactam antibiotics (ABs) especially Piperacillin/Tazobactam. The consequences of
AAH may have detrimental effects on critically ill patients. The objective of this study is to evaluate
the AAH risk of the most commonly used broad spectrum p-lactam ABs.

Methods: We performed a retrospective analysis of patients admitted to the adult intensive care unit
(ICU) between April 2017 and Sep 2018 who were their demographics, fluid inputs and outputs,
antibiotics dose and duration, and corrected sodium can be obtained. Collected data were analyzed by
one-way ANOVA test followed by Tukey Kramer Post Hoc test to determine the mean differences of
significant dependent variables between the Meropenem (Group I), Imipenem/Cilastatin (Group II),
Piperacillin/Tazobactam (Group III), and Cefepime (Group IV). Also, gender and risk of AAH were
analyzed by chi square test.

Results: The mean overall age was 58.37+0.78 years, and 112 subjects (68.71%) were male. The
overall risk of AAH was 12.3%. Group III patients had the highest risk of AAH (36.4%) followed by
Group I (7.9%), Group 1II (2.4%), and finally Group IV (0.00%). The mean difference of corrected
average sodium levels (cNa+an) was significantly highest between Group III and IV (3.30+0.21)
followed by Group I and IV (1.82+0.22) and finally between Group I and II (1.42+0.21).

Conclusion: Our results demonstrate that empirical or targeted use of P-lactam ABs is an
independent risk of AAH especially in case of high dose of Piperacillin/Tazobactam and Meropenem.

Copyright © 2019 Shereen Al huneity et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

METHODS

Hypernatremia is not common among non ICU hospitalized
patients with a prevalence of 0.2% upon admission and 1%
during admission [1]. In contrast, hypernatremia is more
common in critically ill patients with a prevalence of 4% + 2%
upon admission [2-3] and 7% =+ 3% for surgical ICU patients
or 16% =+ 10% for medical ICU patients attributed to
theadministration of hypertonic solutions, resuscitation
crystalloids, irrigation solutions, enteral and parenteral
feeding, maintenance crystalloids fluids, and administration of
sodium-rich antibiotics [4-10].AAH is a frequent concern in
critically ill patients who are taking B-lactam ABs especially
Piperacillin/Tazobactam. The consequences of AAH may have
detrimental effects on critically ill patient’s organ functions
and may be an independent risk factor for mortality. The
objective of this study is to evaluate the AAH risk of the most
commonly used broad spectrum fB-lactam ABs.

*Corresponding author: Juhee Naresh Mehta

Study design and setting

We conducted a single-center observational retrospective study
in the department of adult ICU of King Hussein Medical
Center (KHMC) at Royal Medical Services (RMS) in Jordan
to assess the risk of AAH of four commonly used broad
spectrum B-lactam ABs in empirical management for at least 2
days as described in Table 1. This study was approved by our
Institutional Review Board (IRB), and a requirement for
consent was waived owing to its retrospective design. This
study included a cohort of critically ill patients admitted to our
adult ICU via the emergency department (ED) or via other
hospital wards with any medical or surgical problem. Flow
chart of critically ill patient’s selection and data
collectionprocess is fully illustrated in Figure 1.
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Table 1 Studied critically ill patients group’s description

Group # Group I Group II Group III Group IV

Critically ill
patients who
were on
Meropenem
(Meronem®)

Critically ill
patients who
were on
Cefepime
(Maxipim®)

Critically ill patients
who were on
Imipenem/Cilastatin
(Tienam®)

Critically ill patients who
were on
Piperacillin/Tazobactam
(Tazocin®)

Description

Apr 2017-Sep 2018
Total ICU admission (n=913)

Included in analvsis (n=163)

Included beacanse there's baseline
demographics, anthropomeirics, Na+ and BG levels
1 were known. Also, Included becanse average value of
| CrCl, MF and ENF vol inputs, AB dose, urine
outputs, WBCs, and cNa+ during specified AB
treatment can be obtained or calculated.

Excluded (n=750)

Excluded beacusea they either discharged or
dlied before completed at least 2 days of
empirical or targeted [-lactam ABs (n=178).
Excluded because there's data can't be
obfained or incomplete (n-572).

All analysis data were either collected or
from our institintional EMR.
The primary ontcome was visk of
hypernatremia (=145 mEq/) and the
cNa+ mean differences between the four

lested ABs.
Fig 1. Flow clont of critically ill patient’s selection and data collection process.
Apr: April ABs: Antibiotics. Cril: Creatinine clearance,
Sep: September, N odinm. MF: Maintenance Mud.

ICU: Intensive Care Unit. BG: Blood ghicose, ENF: Enteral nutritional formula.

Statistical analysis

The collected data of each desired outcome in Group I-IV were
analyzed using one-way ANOVA test to compare the mean
value of dependent variables among groups followed by Tukey
Kramer Post Hoc testto determine the mean differences of
significant dependent variables betweeneach group of the four
tested groups. In case of gender (male or female) and risk of
AAH were presented as number (percentage) using chi square
analysis. Statisticalanalyses were performed using IBM SPSS
ver. 25 (IBM Corp., Armonk, NY, USA) and P-values <0.05
were considered statistically significant.

RESULTS

Characteristics of the subjects

The mean overall age was 58.37+0.78 years, and 112 subjects
(68.71%) were male. The overall risk of AAH was 12.3% (20
patients).  Critically  ill  patients who were on
Piperacillin/Tazobactam had the highest risk of AAH (36.4%)
followed by Meropenem (7.9%), Imipenem/Cilastatin (2.4%),
and finally Cefepime with no risk of AAH. The mean
difference of corrected average sodium levels (cNaﬂng) was
significantly highest between Group III and IV (3.30+0.21
mEq/l) followed by Group I and IV (1.82+0.22 mEq/l) and
finally  between Group I and II  (1.42+0.21
mEq/l).Demographics, anthropometrics, and follow-up
comparison data of the study’s critically ill patients are fully
summarized in Table 2 and Table 3.

DISCUSSION

The present study included septic mechanically ventilated
critically ill patients who were taking either empirical or
targeted -lactam ABs for at least 2 days at overall duration of
7.40+£0.27 days. Because the major sources of Na' inputs in
this study were maintenance fluid (MF), enteral nutritional
formula (ENF), human albumin (H.ALB), and broad spectrum
B-lactam ABs and there were insignificant differences between
the four groups regarding average MFs, ENFs, and H.ALB, the
significant changes in Na' during antibiotics administration
were likely from B-lactam ABs. Meropenem has the highest
Na' load of the four tested p-lactam ABs (3.92 mEq Na'/g
AB) followed by Imipenem/Cilastatin (3.2 mEq Na'/g AB)
and Piperacillin/Tazobactam (2.51 mEq Na'/g AB) and finally
Cefepime with zero mEq Na' load due to its hydrochloride
salt.

Table 2 Demographics, anthropometrics, and follow-up dependent variable data of the four tested groups.

Group I Group II Group III Group IV Total
Dependent Variable N=38 N=42 N=44 N=39 N=163 P-Value
Mean+SEM Mean+SEM Mean+SEM Mean+SEM Mean+SEM
Age (Yrs) 57.79+1.46 61.45£1.73 58.50£1.33 55.46+1.61 58.37+0.78 0.056 (NS)
Male 27 (71.1%) 30 (71.4%) 33 (75.0%) 22(56.4%) 112 (68.7%)
Gender Female 11 (28.9%) 12 (28.6%) 11 (25.0%) 17 (43.6%) 51(31.3%) 0.284 (NS)
BW , (Kg) 78.16+1.70 74.2141.44 69.86+1.56 75.08+1.49 74.1740.80 0.003(S)
BMI , (Kg/m?) 28.04+0.52 26.02+0.59 23.5140.57 26.47+0.61 25.92+0.31 0.000(S)
Na', (mEq/l) 138.0840.17 137.97+0.12 138.14+0.12  13829+0.14  138.12+0.07  0.404(NS)
BG o (mg/dl) 148.50+1.43 176.14%1.29 175.98£1.20  156.6943.57  165.00+£1.39 0.000(S)
¢ Na'y (mEq/l) 138.8520.17 139.1940.12 139.3620.11 139.2140.16  139.16£0.07  0.090(NS)
WBCS ay (Cells/pl) 11152+1851 98831254 11391£1190 125021433 112124712 0.640(NS)
CrCl 4y, (M/min) 51.07£7.58 55.0647.52 38.1342.94 49.899.09 48.3243.50 0.332(NS)
Urine Output 4, (ml/d) 865.5473.1 884.9+73.2 703.029.9 841.5487.9 820.9+34.1 0.203(NS)
AB Dos¢ o (mg/d) 41584263 19764117 10636396 34624265 51784303 0.000(S)
AB Duration s (Days) 7.5540.58 7.26:0.49 7.80+0.55 6.97+0.58 7.40+0.27 0.732(NS)
AB Na+ Input ., (mEq/d) 16.29+1.03 6.32+0.37 26.7140.99 0.000.000 12.64+0.89 0.000(S)
MF vol g (ml/d) 290448 289946 29076 291547 290643 0.405(NS)
MF Na+ Input o, (mEq/d) ~ 223.59+0.66 223.19+0.47 203.84+045  22445+055  223.76£027  0.406(NS)
ENF Vol o (ml/d) 407.6£15.5 403.1%15.1 440.8+6.9 419.2+14.6 418.246.7 0.171(NS)
ENF Na+ Input , (mEq/d) 14.8820.57 14.7120.55 16.09£0.25 15.2940.53 15.2620.24 0.171(NS)
Na'a, (mEg/1) 142.6320.17 141.2340.12 144.0840.12  140.8340.18  142.23%0.13 0.000(S)
BG av, (mg/dl) 162.9743.25 162.43+1.81 172.0742.12  161.3143.13  164.89+1.33 0.011(S)
¢ Na'yg (mEq/l) 143.3140.17 141.8940.12 144.7940.13  141.4840.18  142.90+0.13 0.000(S)
. Positive (>145 3(7.9%) 1 (2.4%) 16 (36.4%) 0 (0.0%) 20 (12.3%)
Risk of mEq{l) 0.000(S)
AAH ( Sll\fffn“EVZ 0 35(92.1%) 41 (97.6%) 28 (63.6%) 39 (100.0%) 143 (87.7%)
ALB level 4, (g/dl) 2.63+0.02 2.66+0.02 2.61+0.02 2.56+0.02 2.610.01 0.006(S)
H.ALB infused avg (g/d) 19.47+0.37 19.52+0.33 19.77+0.23 20.00+£0.00 19.69+0.14 0.510(NS)
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Data are presented as Mean+Standard error of mean and are analyzed by using ANOVA test (at p-value< 0.05).

+S: Significant.

«»Group I: Critically ill patients who were on Meropenem.
+»+Group III: Critically ill patients who were on Tazocin®.
++IBW: Ideal body weight.

«BMI: Body mass index.

++AB: Specified antibiotic.

«*AAH: Antibiotic associated hypernatremia.

“Na': Sodium.

“ALB: Albumin.

++0: Baseline dependent variable before intervention.
+CrCl: Creatinine clearance.

+*NS: Non-significant.

«»Group II: Critically ill patients who were on Tienam®.
+Group IV: Critically ill patients who were on Cefepime.
«BW: Body weight.

+BG: Blood glucose.

“*MF: Maintenance fluid.

«H.ALB: Human albumin 20% IV.

“cNa'": Corrected sodium.

“*avg: Average during antibiotic administration.

“ENF: Enteral nutritional formula (Ensure® in this study).
“»WBCs: White blood cells.

Table 3 Multiple comparison of the significant dependent variables between the four tested groups

Group Group
Dependent IvsIl IvsIII
Variable Mean diff+SEM Mean diff+SEM
(Sig) (Sig)
3.94+2.21 8.29+2.19
BW , (K
k,
BMI, (Kg/m?) 2.02+0.82 (NS) 43 3(is)0‘81
-27.64+2.94 -27.48+2.90
BG dl
21812+405 -6478+401
AB Dose 4 (mg/d) S) S)
9.98+1.07 -10.41+1.05
AB Na+ Input 4, (mEq/d) S) S)
" 1.39+0.21 -1.45+0.21
Na' 4 (mEq/1) S) S)
BG a, (mg/dl) 0.5(;123).70 -9.09+3.66 (NS)
+ 1.42+0.21 -1.48+0.21
¢ Na'y, (mEq/l) S) S)
ALB level 4 (g/dl) -0.02+0.03 (NS) 0'()&?5)'03

Group Group Group Group
Ivs IV 1T vs 11T IIvs IV I vs IV
Mean difftSEM  Mean diff+SEM  Mean diff+tSEM  Mean diff-SEM
(Sig) (Sig) (Sig) (Sig)

3.08+2.25 (NS)  4.35£2.13(NS)  -0.86+£2.19 (NS)  -5.2142.17 (NS)

1.5740.84 (NS)  2.5240.79(S)  -0.45:0.82 (NS)  -2.96+0.81 (S)

-8.1942.99 (S)  0.17+2.83 (NS)  19.45+2.92(S)  19.29+2.88 (S)

696+413 (NS)  -8660+391(S)  -1485+403 (S) 7175398 (S)

16.2941.09 (S)  -2039+1.03(S)  6.3241.06(S)  26.71+1.05(S)

1794021 (S)  -2.85£0.20(S)  0.39+£0.21 (NS)  3.2540.21 (S)

1.6743.77(NS)  -9.64+3.57(S)  1.1243.68(NS)  10.76+3.64 (S)

1.826022(S)  -2.8940.21(S)  0.40£021 (NS)  3.30+£0.21 (S)

0.08+0.03 (NS)  0.05£0.03 (NS)  0.09+0.03 (S)  0.05+0.03 (NS)

Data are presented as Mean difference +Standard error of mean and are analyzed by using Tukey Kramer post-hoc multiple comparison analysis (at p-
value< 0.05).

++S: Significant.

+Group I: Critically ill patients who were administered Meropenem.
+»Group III: Critically ill patients who were administered
Piperacillin/Tazobactam.

«»cm: Centimeter.

++IBW: Ideal body weight.

«BMIL: Body mass index.

++AB: Specified antibiotic.

«mg: Milligram.

“Na": Sodium.

“ALB: Albumin.

++0: Baseline dependent variable before intervention.

+*NS: Non-significant.

“+Group II: Critically ill patients who were administered
Imipenem/Cilastatin.

“Group IV: Critically ill patients who were administered Cefepime.
“+Kg: Kilogram.

“+BW: Body weight.

+“BG: Blood glucose.

“+d:Day.

“*cNa': Corrected sodium.

“mEq: Millequivalent.

“+avg: Average of dependent variable during antibiotic administration.

In our study we showed that the greatest impact of AAH was
in Piperacillin/Tazobactam patients group (Group III) followed
by Meropenem patients group (Group I) and
Imipenem/Cilastatin patients group (Group II). These contrary
results can be explained by the high variability of AB renal
adjusted dose inputs, which was significantly highest in Group
IIT (10636396 mg AB/day) followed by Group I (4158+263
mg AB/day) and Group II (1976117 mg AB/day). To
calculate AB Na" input (mEq Na'/day), we multiplied AB Na"
load (mEq Na* /g AB) by AB dose input (g AB/day). The AB
Na' input in our study was significantly higher in Group III
(26.71+£0.99 mEq Na'/day) followed by Group I (16.29+1.03
mEq Na'/day) and Group II (6.32+0.37 mEq Na'/day). In
summary, our results demonstrate that empirical or targeted
use of B-lactam ABs is an independent risk of AAH especially
in case of high dose of Piperacillin/Tazobactam and
Meropenem. This study is limited by its retrospective design,
using single-center data, including only septic ICU patients.
Nonetheless, our center is an experienced and high-volume
unit, so our data may be useful in other centers. A larger,
multisite, and prospective study is needed to control for
multiple confounders
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