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Abstract

Objective: Hyperkalemia has been reported upon different hypertonic saline infusion 
protocols. Since hypertonic saline test has recently been validated for the differential 
diagnosis of diabetes insipidus (DI), we aimed to investigate the course of plasma 
potassium during the test.
Design: We analyzed data of 90 healthy volunteers and 141 patients with polyuria–
polydipsia syndrome (PPS) from two prospective studies evaluating the hypertonic 
saline test. Our primary outcome was the incidence rate of hypertonic saline-induced 
hyperkalemia > 5 mmol/L.
Methods: Participants received a 250 mL bolus of 3% NaCl solution, followed by  
0.15 mL/min/kg body weight continuously infused targeting a plasma sodium level of  
150 mmol/L. Blood samples and clinical data were collected every 30 min.
Results: Of the 231 participants, 16% (n = 37/231) developed hyperkalemia. The incidence 
of hyperkalemia was higher in healthy volunteers and in patients with primary polydipsia 
(25.6% (n = 23/90) and 9.9% (n = 14/141), respectively), and only occurred in 3.4%  
(n = 2/59) of patients with diabetes insipidus. Hyperkalemia developed mostly at or after 
90-min test duration (81.1%, n = 30/37). Predictors of hyperkalemia (OR (95% CI)) were 
male sex (2.9 (1.2–7.4), P = 0.02), a plasma potassium at baseline > 3.9 mmol/L  
(5.2 (1.8–17.3), P = 0.004), normonatremia at 30-min test duration (3.2 (1.2–9.5), P = 0.03), 
and an increase in potassium levels already at 30-min test duration as compared 
to baseline (4.5 (1.7–12.3), P = 0.003). Hyperkalemia was transient and resolved 
spontaneously in all cases.
Conclusion: The hypertonic saline test can lead to hyperkalemia, especially in patients with 
primary polydipsia who experience a longer test duration. Monitoring potassium levels in 
these patients is recommended.
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Introduction

The hypertonic saline infusion test with continuous 
infusion of 3% NaCl has recently been put forward as a 
new test for the diagnosis of diabetes insipidus (DI) (1). For 
other indications such as hemorrhagic and septic shock, 
elevated intracranial pressure, correction of hyponatremia, 
and for fluid substitution during major operations, it 
has already been used since decades, with different 
concentrations and different infusion protocols (2, 3). 
In these contexts, electrolyte and acid-base imbalances 
following hypertonic saline infusion have been widely 
described. Specifically, a decrease from baseline plasma 
potassium levels soon after administration of a bolus 
(4, 5, 6) and an increase in plasma potassium levels up 
to the hyperkalemic range after continuous infusion of 
hypertonic saline (7, 8) have been reported. Patients with 
kidney failure seem to be at particular risk for developing 
hypertonic saline-induced hyperkalemia (9, 10). However, 
hyperkalemia during or after hypertonic saline infusion 
has also been described in patients with normal renal 
function (7). In a randomized, double-blind study in 14 
women undergoing hysterectomy receiving a 10-min 
infusion of 4 mL/kg 7.5% saline, plasma potassium 
initially showed a minor decrease followed by a significant 
increase of up to 1.4 mmol/L above baseline over the 
next hour. This effect was not seen in matched women 
receiving the same amount of 0.9% saline infusion (7).

Due to the fact that all these studies used different 
infusion protocols and different doses of hypertonic 
saline, the incidence and clinical impact of hyperkalemia 
in association with hypertonic saline infusion remains 
unclear.

In view of the emerging role of hypertonic saline 
infusions for the differential diagnosis of DI (11), we 
aimed to investigate the course of plasma potassium levels 
during a standardized hypertonic saline infusion test with 
3% saline in a large cohort of healthy volunteers and 
patients with polyuria–polydipsia syndrome (PPS). The 
primary aim of our study was to assess whether the 3% 
saline infusion test is associated with a risk of developing 
hyperkalemia and to define potential risk factors.

Material and methods

Study design and participants

This was a secondary analysis of previously collected data 
from two prospective studies: we analyzed data (1) from 
90 healthy volunteers undergoing a hypertonic saline 

infusion test at two tertiary medical centers (University 
Hospital Basel, Switzerland and University Hospital of 
Wuerzburg, Germany) in 2012; (2) from 141 patients 
with the PPS undergoing osmotic stimulation with the 
hypertonic saline infusion test at 11 tertiary medical 
centers in Germany, Switzerland and Brazil from July 2013 
to June 2017. Full details of the studies’ rationales, designs 
and statistical analyses have been published elsewhere (1, 
12). Both studies had been registered on ClinicalTrials.gov 
(NCT01940614/NCT02647736) and approved by local 
ethic committees, and this was a subanalysis of the data 
to assess the safety of the 3% NaCl test for the differential 
diagnosis of diabetes insipidus, originally approved by the 
ethic commission of the main center Basel (EKNZ, former 
EBB). In brief, healthy volunteers were of age 18 years or 
older, had a baseline sodium level 135–145 mmol/L, and 
a euvolemic status. Exclusion criteria included pregnancy, 
a history or presence of PPS, which comprises all forms of 
DI and primary polydipsia (PP), any chronic or therapy-
requiring diseases, chronic alcohol consumption, or drug 
intake (except oral contraception), a BMI > 28 kg/m2 
or < 18 kg/m2, a GFR < 60 mL/1.73 m2, anemia of any 
grade, hypertension, and diabetes mellitus. Every healthy 
volunteer underwent a standardized clinical examination 
at baseline with evaluation of volemic state, measurement 
of blood pressure, heart rate, weight and height as well 
as blood sampling for measurement of plasma osmolality, 
sodium, potassium, glucose and creatinine, and urine 
sampling for measurement of urine osmolality. Eligible 
patients were of age 16 years or older with a confirmed 
diagnosis of central diabetes insipidus or with hypotonic 
polyuria, defined as a urine output of > 50 mL/kg of body 
weight during a 24-h period, and a urine osmolality  
< 800 mOsm/kg. Patients with nephrogenic diabetes 
insipidus were excluded from the study. Moreover, patients 
with glycosuria-induced polyuria, electrolyte disorders, 
untreated or insufficiently replaced pituitary-, adrenal- 
or thyroid deficiency or impaired kidney function, heart 
failure, uncontrolled hypertension or a history of epilepsy 
were ineligible. In addition, pregnancy or breastfeeding 
was an exclusion criterion.

Hypertonic saline infusion test protocol

The test protocol was the same for healthy volunteers and 
patients. All study participants refrained from smoking 
and drinking alcoholic beverages for at least 24 h prior 
to the test. No food intake was allowed after midnight, 
no fluid intake after 06:00 h on the test day. Participants 
underwent the hypertonic saline infusion test between 
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08:00 h and 11:00 h. Baseline blood measurement was 
taken after a 30-min rest in a recumbent position. The 3% 
saline infusion was administered as follows: participants 
received a 250 mL bolus, followed by 0.15 mL/min/kg body 
weight continuous infusion. The infusion was stopped 
after reaching a plasma sodium level of 150 mmol/L, later 
plasma sodium levels were quickly re-lowered via oral 
and parenteral rehydration. Blood samples for sodium, 
potassium, and osmolality measurement as well as clinical 
data were collected every 30 min during the hypertonic 
saline infusion as well as 30–60 min after test termination. 
Blood sampling took place from the contralateral arm 
rather than the 3% saline infusion arm, and blood analysis 
took place immediately after sampling.

Laboratory measurements

Potassium levels were available from either indirect or 
direct ion-selective (ISE) method, or both. During the 
hypertonic saline infusion test, additional direct ISE 
measurements were performed at each time point when 
hyperkalemia had occurred, in order to exclude false 
hyperkalemia due to pre-analytic or analytic problems. 
In these cases, only direct ISE-confirmed potassium levels  
> 5 mmol/L were included in the analysis.

Hyperkalemia was defined as a blood potassium 
level > 5 mmol/L. The grade of hyperkalemia was 
classified according to current practice into mild  
(5.1–5.5 mmol/L), moderate (5.6–6.0 mmol/L), and severe  
(>6.0 mmol/L) (13).

Blood samples were immediately transported to the 
central laboratory in standard biochemistry tubes. Lithium-
heparin plasma tubes were centrifuged, and plasma 
potassium levels were analyzed by indirect ISE method 
(cobas® 8000 modular analyzer, Roche Diagnostics). 
Heparinized blood gas tubes were used to collect venous 
blood gas samples and potassium levels were measured 
by direct ISE method (ABL 800 Flex®, Radiometer GmbH, 
or ABL90 FLEX®, Radiometer GmbH). Plasma osmolality 
was measured in lithium-heparin plasma tubes using the 
freezing point method.

Outcomes

The primary outcome of this analysis was the percentage 
of participants developing hyperkalemia of any grade 
during the hypertonic saline infusion test. In addition, 
we aimed to show potassium course patterns during the 
hypertonic saline test and highlight factors associated 
with development of hyperkalemia during the test.

Statistical analysis

Data were analyzed using R software (14) Version 4.0.0 
(2020-04-24). Baseline characteristics were described as 
percentage of participants, or mean ± s.d. if normally 
distributed, and median and interquartile range (IQR) if 
not. The analysis was performed for the whole group of 
participants as well as separately for healthy volunteers, 
patients with PP, and patients with central DI.

To compare the baseline characteristics of participants 
developing hyperkalemia vs participants who did not, a 
Wilcoxon test was used to assess differences between 
continuous variables and a chi square test or a Fisher’s 
exact test for categorical variables. Box-plots were used to 
visualize the plasma potassium course during the test in a 
descriptive analysis of the participants.

We performed a multivariable analysis in order to 
identify which factors, present at baseline respectively at 
30-min test duration, are associated with development 
of hyperkalemia later during the test. After performing 
a backward stepwise model selection, the following 
predictors were included in the model: age, sex, baseline 
plasma potassium > 3.9 mmol/L, normal plasma sodium 
level 30 min after test start, and dynamic of plasma 
potassium at 30-min test duration, defined as a binary 
variable according to whether plasma potassium at 
30-min test duration was higher than at baseline or not. 
The cutoff of 3.9 mmol/L for baseline potassium was 
chosen according to the preexisting literature (15).

Finally, we conducted a separate descriptive analysis 
in the subgroup of PPS patients.

Results

Baseline characteristics

Baseline characteristics for the whole group of patients 
and healthy volunteers are summarized in Table 1. 
Participants (n = 231) were 60% (n = 138/231) female, 
had a mean (s.d.) age of 36 (13) years, and a mean BMI of  
25 (5.6) kg/m2. Median (IQR) baseline plasma potassium 
and sodium levels were 4 (3.8–4.2) mmol/L and  
140 (139–142) mmol/L, respectively. Kidney function was 
normal in all the participants. Among the 141 patients 
with PPS, 58% (n = 82/141) had PP and 42% (n = 59/141) 
had central DI, with 23/59 patients had partial DI. Six out 
of 141 patients (4%) had cerebrovascular disease, 4/141 
(3%) had cardiovascular disease, 34/141 (24%) had brain 
tumor (mostly pituitary tumor), 32 (23%) had psychiatric 
disorder, and 39 (28%) had anterior pituitary insufficiency. 
Thirty-four out of the 39 patients with anterior pituitary 

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-20-0531

https://ec.bioscientifica.com © 2021 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-20-0531
https://ec.bioscientifica.com


L Potasso, J Refardt et al. Hypertonic saline test and 
hyperkalemia

404

PB–XX

10:4

insufficiency had an insufficiency of corticotroph axis and 
were therefore receiving a corticosteroid therapy. Four 
patients with central DI (three with partial DI) received 
diuretic therapy against arterial hypertension.

Incidence of hyperkalemia

Overall, 37 out of 231 participants undergoing the 
hypertonic saline infusion test developed hyperkalemia, 
leading to an incidence rate of 16%. In 26 (70%) of 
those participants, hyperkalemia was mild (>5 and 
≤5.5 mmol/L), in 9 (24%) it was moderate (>5.5 and  
≤6 mmol/L), and in 2 (5%) it was severe (>6 mmol/L).

Figures 1 and  2 show the course of potassium levels of 
the complete cohort and in different subgroups according 
to the development and severity of hyperkalemia during 
the test. Altogether, ten participants (4.3%) developed a 
mild hypokalemia during the test (defined as a potassium 

value between 3.0 and 3.4 mmol/L). None of them 
eventually developed hyperkalemia.

Hyperkalemia occurred in 81.1% of the cases at or 
after 90-min test duration (n = 30/37 patients) and only 
in one patient before 60-min test duration. All cases of 
hyperkalemia spontaneously resolved after the hypertonic 
saline infusion test was stopped and participants 
rehydrated, as displayed in Fig. 2B.

Predictors of hyperkalemia

In the multivariable analysis, predictors for development 
of hyperkalemia were male sex (OR 2.9, 95% CI 1.2–7.4, 
P = 0.02), a plasma potassium at baseline > 3.9 mmol/L  
(OR 5.2, 95% CI 1.8–17.3, P = 0.004), a plasma sodium  
< 146 mmol/L at 30-min test duration (OR 3.2, 95% CI 
1.2–9.5, P = 0.03), and a higher potassium at 30-min 

Table 1 Baseline characteristics.

Complete cohort Healthy volunteers
Patients

Patients with DI Patients with PP

n (%) 231 (100) 90 (39) 59 (41.8) 82 (58.2)
Age, years mean (s.d.) 36 (13) 31 (9) 44 (13) 35 (12)
Weight, kg mean (s.d.) 74 (17) 70 (12) 82 (21) 73 (19)
BMI, kg/m2 mean (s.d.) 25 (5.6) 23 (2.7) 28.5 (6.8) 24.8 (6.0)
Sex (female), n (%) 138 (60) 45 (50) 38 (64) 55 (67)
Baseline blood 

pressure, mmHg
120/75 (110–130/67–80) 122/72 (115–129/67–80) 125/75 (113–132/70–85) 116/70 (105–128/65–80)

Baseline plasma 
potassium, mmol/L 
median (IQR)

4 (3.8–4.2) 4 (3.8–4.2) 4 (3.8–4.2) 4 (3.8–4.2)

Baseline plasma 
osmolality, mmol/L/kg 
median (IQR)

288 (282–294) 289 (281–295) 291 (286–296) 282 (282–289)

Baseline plasma 
sodium, mmol/L 
median (IQR)

140 (139–142) 139 (138–141) 142 (140–144) 141 (139–142)

Baseline plasma urea, 
mmol/L median (IQR)

3.8 (2.4–4.9) 4.7 (3.7–5.4) 2.6 (1.3–4.3) 3.5 (2.2–4.4)

Baseline urine 
osmolality, mmol/L/kg

364 (198–626) 680 (300–885) 228 (116–380) 408 (237–576)

Diuretics, n (%) 6 (2.6) 0 (0) 4 (6.8) 2 (2.4)
Corticosteroids, n (%) 34 (14.7) 0 (0) 30 (50.8) 4 (4.9)
Cardiovascular disease,  

n (%)
4 (1.7) 0 (0) 3 (5.1) 1 (1.2)

Cerebrovascular 
disease, n (%)

6 (2.6) 0 (0) 5 (10.2) 1 (1.2)

Renal failure, n (%) 0 (0) 0 (0) 0 (0) 0 (0)
Psychiatric disorders,  

n (%)
32 (13.8) 0 (0) 10 (16.9) 22 (26.8)

Brain tumor, n (%) 34 (14.7) 0 (0) 29 (49.1) 5 (6.1)
Anterior pituitary 

insufficiency, n (%)
39 (16.9) 0 (0) 37 (62.7) 2 (2.4)

Data are expressed in percentage of patients in case of dichotomic variables, in mean ± s.d. for normal distributed continuous variables, and in median 
IQR for not normal distributed continuous variables. Comorbidities, arterial hypertension, cardiovascular disease, cerebrovascular disease, neoplasia, 
psychiatric disorder.
DI, central diabetes insipidus; PP, primary polydipsia; IQR, interquartile range. 
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test duration than at baseline (OR 4.5, 95% CI 1.7–12.3, 
P = 0.003) but not age (OR 0.96, 95% CI 0.91–1.00, 
P = 0.07) (Table 2, Fig. 3).

Subanalysis of patients with PPS

In the subgroup of patients with PPS, incidence rates of 
hyperkalemia differed according to diagnosis, with 14.6% 
(n = 12/82) in PP patients and 3.4% (n = 2/59) in DI patients 
(P = 0.03), both DI patients being diagnosed with a partial 
DI. There was no difference in baseline urea or glucose 
levels between DI and PP patients (P = 0.13 resp. P = 0.20).

The percentage of patients developing hyperkalemia 
was 7.5% (n = 7/93) among female patients and 14.6% 
(n = 7/48) among male patients (P = 0.23). There was 
no age difference between patients developing and not 
developing hyperkalemia (P = 0.19), and no difference in 
baseline plasma potassium (P = 0.34), urea (P = 0.42), or 
glucose levels (P = 0.12).

PPS patients developing hyperkalemia had on 
average a longer test duration, with a median (IQR) of 
120 (120–120) min vs 90 (60–120) min (P = 0.02). In the 
majority of patients developing hyperkalemia (78.6%), 

potassium levels increased already at 30-min test duration 
compared to baseline (P < 0.01), whereas it decreased in 
patients not developing hyperkalemia. Cardiovascular or 
cerebrovascular disease was present in 7% (n = 1/14) of 
patients developing hyperkalemia and in 7% (n = 9/127) 
not developing hyperkalemia (P= 1). Treatment with 
corticosteroids was not associated with development of 
hyperkalemia (P > 0.1). None of the patients receiving 
diuretics developed hyperkalemia.

Discussion

Our study has the following main findings. First, 
hypertonic saline infusion in a protocol as it is proposed for 
the differential diagnosis of DI can lead to hyperkalemia, 
especially in patients with a test duration ≥ 90 min, 
which are mostly patients with PP. Secondly, risk factors 
for development of hyperkalemia for male sex are a 
high baseline potassium level, a slow increase in sodium 
levels during the test, and an increase in potassium level 
already at 30-minute test duration. Thirdly, hypertonic 
saline-induced hyperkalemia was mostly mild and 

Figure 1
Plasma potassium course boxplots of plasma potassium course of (A) whole sample, (B) patients with diabetes insipidus, (C) healthy participants, and (D) 
patients with primary polydipsia. Potassium is measured in mmol/L, test duration in minutes; number of patients is reported above each boxplot. Boxes 
contain 50% of results (25–75% quartile, IQR), and the thick horizontal line is the median. The upper and lower whiskers represent results outside the 
middle 50% (1st quartile − 1.5*IQR resp. 3rd quartile + 1.5 IQR), the circles represent the outliers.
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resolved spontaneously at the end of the test protocol. 
Nevertheless, caution is needed in patients here showing 
the identified predictors for hyperkalemia.

With hypertonic saline infusion being proposed as 
the new standard test for the differential diagnosis of DI 
(11), it is important to clarify whether this test is leading 
to potentially harmful hyperkalemia, as previously 
described for other hypertonic saline infusion protocols. 

In these reports, patients receiving hypertonic fluids 
during surgical operations (4, 7, 16) or for resuscitation 
(17) showed moderate to severe and in some cases 
symptomatic hyperkalemia, independent from infusion 
rate (18, 19).

In our study, 16% of participants developed 
hyperkalemia, with a higher percentage in patients with 
PP as compared to patients with DI. Moreover, only 
patients with partial DI developed hyperkalemia. This was 
primarily because test duration was strongly associated 
with development of hyperkalemia, which occurred in 
81.1% of the cases at or after 90-min test duration, and 
patients with DI had on average a shorter test duration. 
Not surprisingly, in this context, a normal plasma sodium 
level at 30-min test duration was also associated with later 
development of hyperkalemia. In fact, this parameter has 
to be seen as a surrogate for a longer test duration, as the 
test is only stopped when a plasma sodium level ≥ 150 
mmol/L is reached (1, 12).

Reassuringly, hyperkalemia was transient and 
resolved spontaneously and without sequelae soon after 
the infusion was stopped.

To identify patients at risk for hyperkalemia early, 
predictors already known at baseline would be of 
particular importance. Renal failure has been reported 
as a risk factor for development of hyperkalemia upon 
hypertonic saline infusions (10) due to the associated 
limited plasma potassium clearance (13). However, this 
was not applicable in our study since kidney function 
was normal in all participants. Other studies described 
male sex, age (20), and a baseline plasma potassium level 
higher than 3.9 mmol/L (15) as risk factors. Indeed, in our 
analysis, male sex and plasma potassium level at baseline 
were predictors for later hyperkalemia. In contrast, 
age was not associated with onset of hyperkalemia in 
the multivariable model. A possible explanation is that 
the average age in our cohort was 36 years, whereas in 
previous studies, older age was associated with the risk 
of hyperkalemia (20). Interestingly, the dynamic of 
plasma potassium levels already after the 250 mL bolus of 
hypertonic saline was a strong predictor for development 
of hyperkalemia. A transient decrease of plasma potassium 
following a bolus infusion of hypertonic saline has already 
been described (21). In our study, we only observed this 
transient initial potassium decrease in participants who 
stayed normokalemic. Whether participants developing 
hyperkalemia did not experience a drop in potassium 
levels or whether this drop occurred before 30-minute test 
duration cannot be clarified, as we do not have data about 
potassium levels between 0- and 30-min test duration.

Figure 2
Normokalemic and hyperkalemic participants boxplots of plasma 
potassium course of normokalemic and hyperkalemic participants: (A) 
normokalemia (n = 214), (B) hyperkalemia (n = 37). Potassium is measured 
in mmol/L, test duration in minutes; number of patients (n) is reported 
above each boxplot. Boxes contain 50% of results (25–75% quartile), and 
the thick horizontal line is the median. The upper and lower whiskers 
represent results outside the middle 50% (1st Quartile − 1.5*IQR resp. 
3rd quartile + 1.5 IQR), the circles represent the outliers.
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Different mechanisms have been suggested to 
explain how hypertonic saline might influence plasma 
potassium levels. Some studies report the possible role 
of an osmotic drive (’solvent drag’) in sodium/potassium 
balance, supported by findings of hyperkalemia 
in patients receiving hypertonic solutions such as 
mannitol or radiocontrast medium (16, 22, 23, 24). 
Early pathophysiological studies suggest an intracellular 
fluid (ICF) potassium and other ions uptake as an early 
compensatory mechanism to increase the intracellular 
osmolality and balance the hyperosmolar-induced cell 
shrinkage (8, 25). Since ions’ accumulation alter the cell 

membrane, it represents only a temporary solution for 
the cell (26), and a relative, transient hyperkalemia may 
occur once water enters the cell, organic osmolytes (e.g. 
glutamine and other aminoacids, glutamate, taurine, 
myo-inositol, etc.) are synthetized or shifted into ICF, 
and the previously internalized potassium is released 
back to extracellular fluid (ECF). As adaption to a chronic 
hyperosmolar state, DI patients might have a different 
ion and organic osmolyte balance at baseline (27, 28), 
generating a different potassium shift in response to a 
hyperosmolar challenge as compared to PP or healthy 
volunteers. Other studies suggest that hypertonic 

Table 2 Multivariable model.

Complete Cohort Normokalemia Hyperkalemia OR 95% CI P

Age, years mean (s.d.) 36.0 (12.7) 36.6 (12.9) 31.2 (8.7) 0.96 0.91–1.00 0.07
Sex (male), n (%) 93 (40.3) 70 (36.1) 23 (62.1) 2.88 1.18–7.37 0.02
Baseline plasma potassium  

> 3.9 mmol/L , n (%)
128 (55.4) 102 (52.6) 26 (70.3) 5.20 1.82–17.29 0.004

Plasma sodium at  
30 min < 146 mmol/L, n (%)

123 (53.2) 93 (47.9) 30 (81.1) 3.16 1.19–9.53 0.03

Increase of plasma potassium 
at 30 min, n (%)

56 (24.2) 41 (21.1) 15 (40.5) 4.48 1.71–12.3 0.003 

Number and characteristics of participants developing or not developing hyperkalemia. Data are expressed in percentage of patients in case of 
dichotomic variables, in mean ± s.d. for normal distributed continuous variables. Predictors of hyperkalemia at baseline and at 30-min test duration. 
Results of multivariable logistic regression model with hyperkalemia as dependent variable. Bold indicates statistical significance, P < 0.05.
OR, odds ratio.

Figure 3
Predictors and potassium levels: distribution of the sample according to maximal potassium level and (A) test duration, (B) sodium level at 30-min test 
duration, (C) initial potassium level, and (D) potassium difference at 30-min test duration. Gray represents female participants and black represents the males.
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saline-induced hyperchloremic metabolic acidosis to be 
responsible for a potassium shift from ICF to ECF (29, 
30). Some other studies (10, 31, 32, 33) propose a renal 
adaptation mechanism through the renin/aldosterone 
system to be responsible for hyperkalemia. Considering 
the fast dynamic of electrolyte changes, an ICF/ECF 
shifting seems more likely than a renal adaptation as 
explanation for the transient hyperkalemia.

One could argue that hyperkalemia may be just the 
result of hemolysis following hypertonic infusion or a pre-
analytical problem. However, as showed by Garcia  et al. 
in 2009, infusion of hypertonic saline solution only 
induces hemolysis when saline concentration is ≥ 7.02%, 
whereas this effect is not found with saline solutions 
between 0.41 and 4.68% (34). Moreover, we double-
checked hyperkalemia performing blood gas analyses 
and confirmed only hyperkalemias were included in  
our analysis.

Unfortunately, as it was a secondary analysis of 
previously collected data, we do not have detailed 
parameters for highlighting pathophysiological 
mechanisms of hypertonic saline-induced hyperkalemia. 
We did not collect data about aldosterone or organic 
osmolytes and had only limited data about pH levels 
and chloride. We can therefore only speculate on the 
mechanisms of changes in potassium levels upon 
hypertonic saline infusion. In addition, the number of 
events was not sufficient to allow separate multivariable 
analysis, neither in the subgroups of patients and healthy 
volunteers nor in the subgroup of patients with and without 
comorbidities or diuretic therapy. Due to the sample 
size, it is difficult to extrapolate information on whether 
duration and cause of PPS may influence the incidence 
of hyperkalemia. Moreover, our results are difficult to be 
generalized to a more multi-morbid cohort who may be 
on medications such as antihypertensive drugs, which 
may affect renal potassium handling. Nevertheless, since 
this is the largest cohort of PPS patients undergoing the 
same protocol of hypertonic infusion, in our opinion, it 
is representable in everyday clinical practice for patients 
undergoing this test.

In conclusion, the hypertonic saline infusion test 
using the protocol proposed for differential diagnosis of 
DI can lead to hyperkalemia, especially in patients with 
PP in whom a longer test duration is usually needed. Male 
sex, a plasma potassium level > 3.9 mmol/L at baseline, 
an increase of plasma potassium 30 min after hypertonic 
saline bolus and a normal plasma sodium at 30-min test 
duration help identifying patients at risk of developing 
hyperkalemia during the test. Even though in our cohort 

hypertonic saline test-induced hyperkalemia was resolved 
spontaneously without clinical symptoms, caution 
is needed and we recommend to carefully monitor 
potassium levels in patients showing the previously 
described characteristics.
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