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Background: Low volume change and minimal trauma observed during angiography are the reason why physicians often overlook
any changes affecting pre-operative electrolytes levels after coronary intervention. However, few studies have addressed the issue of
electrolyte changes after the coronary intervention. Therefore, our study investigates coronary angiography’s effect on electrolytes and
provides the quick identification of groups more prone to electrolyte changes.

Methods: From the department of cardiology of the second affiliated hospital of Shandong’s first medical university, 374 patients
undergoing coronary angiography were selected. Pre-intervention and post-intervention serums, sodium (Na'), potassium (K),
chloride (Cl ), magnesium (Mg2+) and renal function were analyzed. The correlation between influential factors was also assessed.
The association of hypokalemia with short-major adverse cardiac events (MACE) and arrhythmia was evaluated.

Results: Among the 374 subjects including 264 patients who had a simple angiography and 110 patients who received coronary artery
interventional therapy. A decrease in potassium levels was found in 81.8% of the patients, and post-interventional hypokalemia was
observed in 15.0%. After the intervention, the hypokalemia among males was 2.18 times than that of females, and the pre-operative
serum potassium level was 3.5mmol/L<K*<4.0mmol/L and was 2.09 times than that of K*>4.0 mmol/L, but was not associated with
age and either simple coronary angiography or PCI (percutaneous coronary intervention). Hypernatremia was also prevalent in males
under 60 years and with pre-operative hypernatremia. Significant variations were found between hypokalemia and influential factors
like hypertension, diabetes, and gastrointestinal disease. We also found that there was no obvious correlation between hypokalemia and
recurrent angina, heart failure and death, but significantly increased the risk of some arrhythmias.

Conclusion: Male patients are more likely to suffer from electrolyte disturbance after coronary intervention. There is a need to
emphasize monitoring and managing electrolyte changes to prevent severe complications in the peri-operative period.
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Introduction

With the improvement in people’s living standards, increasing social pressure, decreasing physical activity, and an aging
population, the number of deaths and incidence of coronary heart disease (CHD) are on the rise every year, which
seriously threatens people’s life and health.> CHD is caused by stenosis or occlusion of coronary atherosclerosis.
Coronary angiography is the gold standard for diagnosing CHD and guiding treatment options.

Electrolyte balance and renal function are the focus of peri-operative surgeons.” Gao et al found significant
variations in postoperative sodium, magnesium, chloride and carbon dioxide capacity in hip arthroscopy.” Mukherjee
et al showed that percutaneous nephrolithotomy causes significant reduction renal function and no alterations in serum
sodium and potassium electrolytes in the early post-operative.® Peng et al indicated that electrolyte disturbance and serum
potassium levels lower than 3.76 mmol/L were predictive factors for post-operative hypokalemia in patients undergoing
hepatobiliary surgery.” However, due to the minor trauma, short operation duration, and the absence of post-op fasting
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requirements following coronary angiography, the changes in electrolyte and renal function are easily overlooked by
interventional doctors. Therefore, from the cardiovascular department of the second affiliated hospital of Shandong’s first
medical university, the changes in electrolyte and renal function were recorded, and the population was classified based
on: gender, age, pre-intervention serum potassium status, and whether PCI was done. The correlations between risk
factors (hypertension, diabetes, tumors, gastrointestinal disease, thyroid disease, smoking, and drinking) and hypokale-
mia were also assessed. Meanwhile, we further explored the effect of sex and number of coronary vascular lesions on
hypokalemia in PCI group. Lastly, the correlation between hypokalemia and short-MACE as well as arrhythmia was
analyzed. This study aims to identify patients at risk for post-intervention electrolyte disturbances and optimize

preventive measures.

Methods

Subjects: 374 patients diagnosed with CHD in the second affiliated hospital of Shandong’s first medical university from
2021 to 2022 were selected. There were 248 patients with stable coronary artery disease, 88 patients with unstable angina
pectoris, and 38 patients with acute myocardial infarction (Figure 1). Table 1 illustrates the detailed clinical and
demographic features of all the patients enrolled in this research. The Ethics Committee of the second affiliated hospital
of Shandong’s first medical university approved the study.

Inclusion criteria: this study included all patients with CHD, including stable angina pectoris, unstable angina
pectoris, and acute myocardial infarction. Indications for PCI in patients with unstable angina pectoris were defined
according to the ACC/AHA guidelines for PCI published in December 2007.

Exclusion criteria: (1) patients with severe cardiac dysfunction, liver and kidney dysfunction. (2) patients with severe
electrolyte disturbance, bleeding tendency, and other serious medical diseases. (3) severe uncontrolled arrhythmia such as
ventricular arrhythmia, rapid atrial fibrillation, and supraventricular tachycardia. (4) complicated with fever and severe
infectious diseases. (5) using large doses of diuretics, potassium salts, long-term use of glucocorticoids, and other drugs
that affect serum potassium levels.

Exclusion
Severe cardiac dysfunction, liver and kidney
dysfunction (N=5)
Severe electrolyte disturbance, bleeding tendency and
other serious medical diseases (N=4)
Severe uncontrolled arrhythmia such as ventricular
arrhythmia, rapid atrial fibrillation and supraventricular
tachycardia (N=6)
» Complicated with fever and severe infectious diseases
(N=3)
Using large doses of diuretics, potassium salts, long-
term use of glucocorticoids and other drugs that affect
serum potassium levels (N=3)

2021 january — 2022 january
Coronary heart disease (N=395)

Subject (N=374)

Stable coronary artery disease (N=248)
% Unstable angina pectoris (N=88)
Acute myocardial infarction (N=38)

Non-hypokalemia (N=318)

Hypokalemia (N=56)

Figure | Study design flowchart.
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Table | Demography of Subject

Parameter Hypokalemia Non-Hypokalemia | j? p value Statistics Method
Subject numbers 56 318 - -

Gender (Male) 34 174 7.11 0.006 Chi-square test
Age (260y) 46 192 9.45 0.001 Student’s t-test
HP 42 158 12.3 <0.001 Chi-square test
DM 26 78 11.4 <0.001 Chi-square test
Tumor 0 18 333 0.07 Chi-square test
Gastrointestinal diseases 2 72 10.9 <0.001 Chi-square test
Thyroid disease 4 40 1.36 0.20 Chi-square test
Smoking history 12 100 2.28 0.09 Chi-square test
Drinking history 6 42 0.27 | 0.003 Chi-square test

Abbreviations: HP, hypertension; DM diabetes.

Instruments and methods: A fasting venous blood sample of 4mL was collected from 374 patients one day before coronary
intervention. Serum potassium, sodium, chloride, magnesium ion, and creatinine concentrations were measured. The above
patients’ parameters were measured with the same approach on the second day after intervention. Consistent with previous
studies, serum potassium levels between 3.5 and 5.5 mmol/L were standard, and < 3.5 mmol/L was hypokalemia. Sodium levels
between 135-145mmol/L were normal, and values above 145 mmol/L were considered hypernatremia.®’

Statistical analysis: SPSS 21.0 software was used. Continuous data were represented as X+s, and the Student’s #-test
was used for the analysis. For the categorical data, the Chi-square test was used. The risk factors were analyzed as
covariates by logistic regression models. The value p<0.05 was considered statistically significant.

Results

Comparison of Electrolyte and Creatinine Levels and Incidence of Hypokalemia
Before and After Coronary Angiography

For coronary artery intervention in 374 patients, a decrease in potassium levels was found in 81.8% (n=306) of the
patients and post-interventional hypokalemia was observed in 15.0% (n=56) patients, increase in sodium levels was
found in 65.8% (n=246) of the patients and post-interventional hypernatremia was observed in 8.02% (n=30) patients.
Significant differences were observed in the variations of all other electrolyte and creatinine concentrations. The increase
in chloride levels was about 0.357 mmol/L (p value=0.04). The decrease in creatinine levels was 2.84 mmol/L
(p value<0.001). However, the magnesium level variation was not significant (p value=0.30) (Table 2).

The Effects of Gender, Age, Pre-Intervention Serum Potassium Level, and Angiography

Type on the Incidence of Post-Intervention Hypokalemia

According to gender stratification, 34 of 208 male patients had hypokalemia, with an incidence of 16.4%. Furthermore,
22 of 166 female patients had hypokalemia, with an incidence of 13.3%. There was a statistically significant difference
between the two groups (p value <0.05). The incidence of post-intervention hypokalemia in males was 2.18 times higher

Table 2 Changes in Electrolytes and Creatinine Before and After Coronary Angiography

Pre-Intervention Post-Intervention p value Statistics Method
K* 4.09+0.29 3.78+0.30 <0.001 Student’s t-test
Na* 140.30+2.41 141.48+2.25 <0.001 Student’s t-test
cr 104.59+£2.95 104.95+2.68 0.04 Student’s t-test
Mg 0.96+0.13 0.94+0.09 0.30 Student’s t-test
Cr 74.00+23.96 71.49+21.85 <0.001 Student’s t-test

Abbreviations: K*, potassium; Na*, sodium; CI, chloride; Mg?*, magnesium; Cr, creatinine.
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than that in females (OR=2.18, 95% CI=1.22-3.89). In addition, the incidence of post-intervention hypokalemia pre-
operative serum potassium level at 3.5mmol/L<K'<4.0mmol/L was 2.09 times higher than that K'™>4.0 mmol/L
(OR=2.09, 95% CI =1.17-3.71). However, there was no statistically significant difference between post-interventional
hypokalemia age and PCI treatment (p value > 0.05) (Table 3).

The Effects of Gender, Age, Pre-Intervention Serum Sodium Level, and Angiography

Type on the Incidence of Post-Intervention Hypernatremia

Our analysis of post-operative hypernatremia also found that males are more prone to electrolyte disorders than males (OR=3.98,
95% CI=1.26-12.56). Interestingly, age stratification found that young people are more prone to post-operative hypernatremia
than elderly people (OR=2.99, 95% CI=2.58-3.45). In addition, pre-operative patients with high blood sodium levels were 5.53
times more likely to experience electrolyte disorders than those with normal blood sodium levels (OR=5.53, 95% CI=1.24—
24.69). Similarly, hypernatremia occurrence is unrelated to whether PCI treatment (Table 4).

The Relationship Between Post-Intervention Hypokalemia and Risk Factors
Hypokalemia was taken as the dependent variable, and the statistically significant index in univariate analysis was taken
as the independent variable. The results showed that hypertension (OR=2.26, 95% CI=1.13-4.50), diabetes (OR=2.11,
95% CI=1.12-3.97), and gastrointestinal disease (OR=7.16, 95% CI=1.68-30.44) were risk factors for hypokalemia
(p value <0.05) (Table 5). Unfortunately, tumors, thyroid disease, smoking, and drinking yielded no correlation.

The Relationship Between Post-Intervention Hypokalemia and Gender and Number of

Coronary Vascular Lesions in PCl Group
In PCI group, sex stratification also found that males are more prone to hypokalemia than female patients (OR=2.86, 95%
CI=1.02-8.00). According to the number of coronary vascular lesions, it is divided into single vessel disease (SVD),

Table 3 Different Group on the Incidence of Hypokalemia

Group N Hypokalemia xz OR (95% CI) p value Statistics Method
Male 208 34 (16.4%) 7.11 2.18 (1.22-3.89) 0.008 Chi-square test
Female 166 22 (13.3%)

<60y 136 24 (17.6%) 1.20 1.38 (0.78-2.46) 0.27 Chi-square test
260y 238 32 (13.4%)

3.5mmol/L<K*<4.0mmol/L 156 32 (20.5%) 6.45 2.09 (1.17-3.71) 0.01 Chi-square test
K*24.0 mmol/L 218 24 (11.0%)

Simple coronary angiography 264 38 (14.4%) 0.24 0.86 (0.47-1.58) 0.60 Chi-square test

PCI 110 18 (16.4)

Abbreviations: N, number; K, potassium; PCIl, percutaneous coronary intervention.

Table 4 Different Group on the Incidence of Hypernatremia

Group N Hypernatremia (%) | x* OR (95% CI) p value | Statistics Method
Male 208 | 12 (5.8%) 6.35 3.98 (1.26-12.56) | 0.01 Chi-square test
Female 166 | 4 (2.4%)

<60y 136 | 16 (11.8%) 29.25 | 2.99 (2.58-3.45) <0.001 Chi-square test
260y 238 | 0 (0.0%)

I35mmol/L<Na*<140mmol/L | 160 | 2 (1.3%) 6.26 5.53 (1.24-24.69) | 0.0l Chi-square test
Na*2140 mmol/L 214 | 14 (6.5%)

Simple coronary angiography | 264 | 12 (4.5%) 0.16 0.79 (0.25-2.51) 0.69 Chi-square test

PCI 110 | 4 (3.6%)

Abbreviations: N, number; K, potassium; PCI, percutaneous coronary intervention.
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Table 5 Logistic Regression Analysis of Risk Factors Associated with Hypokalemia

Varialbe OR (95% CI) p value Statistics Method

HP No | 0.02 Logistic regression model
Yes 2.26 (1.13-4.50)

DM No | 0.02 Logistic regression model
Yes 2,11 (1.12-3.97)

Gastrointestinal diseases No | <0.001 Logistic regression model
Yes 7.16 (1.68-30.44)

Abbreviations: HP, hypertension; DM, diabetes.

Table 6 Relationship Between Hypokalemia and Gender and Number of Coronary Lesions After in PCl Group

Parameter | Hypokalemia | Non-Hypokalemia | j’ OR (95% CI) p value | Statistics Method
Male 10 28 4.20 2.86 (1.02-8.00) | 0.04 Chi-square test
Female 8 64

SvD 9 47 0.006 | 0.96 (0.31-2.96) | 0.94 Chi-square test
DVD 6 30

SvD 9 47 0.004 | 0.96 (0.23-4.00) | 0.95 Chi-square test
MVD 3 15

DVD 6 30 0.00 1.00 (0.22-4.56) | 1.00 Chi-square test
MVD 3 15

Abbreviations: SVD, single vessel disease; DVD, double vessel disease; MVD, multiple vessel disease.

double vessel disease (DVD) and multiple vessel disease (MVD), statistical analysis found no significant statistical

difference in hypokalemia between the various groups (Table 6).

The Relationship Between Post-Intervention Hypokalemia and Short-MACE and

Arrhythmia

We further analyzed the relationship between hypokalemia and short-MACE, and found that there was no obvious

correlation between hypokalemia and recurrent angina, heart failure and death, but significantly increased the risk of

Table 7 Relationship Between Hypokalemia and Short-MACE and Arrhythmia

Parameter Hypokalemia | Non-Hypokalemia | y* OR (95% CI) p value | Statistics Method
HF 6 18 2.02 | 2.00 (0.76-5.29) 0.16 Chi-square test
Recurrent angina | 8 30 1.46 1.67 (0.72-3.86) 0.23 Chi-square test
AMI 0 0 NA NA NA Chi-square test
Cardiac death 0 0 NA NA NA Chi-square test
ST 8 15 7.55 | 3.37 (1.36-8.33) 0.006 Chi-square test
PAC 22 42 229 | 4.25 (2.27-7.94) <0.001 Chi-square test
AT 2 6 0.65 | 1.92 (0.38-9.80) 0.42 Chi-square test
AF/af 2 10 0.03 | .14 (0.24-5.35) 0.87 Chi-square test
PVC 12 40 3.12 1.89 (0.92-3.89) 0.08 Chi-square test
vT 0 0 NA NA NA Chi-square test
VF 0 0 NA NA NA Chi-square test
LBBB 0 4 0.71 0.98 (0.98-1.00) 0.40 Chi-square test
RBBB 0 6 1.07 | 0.98 (0.97-1.00) 0.3 Chi-square test
AVB | 4 1.0l 1.43 (0.16-12.98) | 0.75 Chi-square test

Abbreviations: HF, heart failure; AMI, acute myocardial infarction; ST, sinus tachycardia; PAC, premature atrial contraction; AT, atrial tachycardia; AF,
atrial flutter; af, atrial fibrillation; PVC, premature ventricular contraction; VT, ventricular tachycardia; VF, ventricular fibrillation; LBBB, left bundle
branch block; RBBB, right bundle branch block; AVB, atrioventricular block; NA, not applicable.
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some arrhythmias, increasing sinus tachycardia by 3.37 times (95% CI=1.36-8.33) and premature atrial contraction by
4.25 times (95% CI=2.27-7.94) (Table 7).

Discussion

The clinical relevance of the major electrolyte disorders in cardiovascular disease resides in their association with
clinical course and in their role of provoking severe or catastrophic events (eg, syncope, sudden death). Urso et al
proposed that electrolyte abnormalities are a frequent and potentially dangerous complication in subjects with
congestive heart failure.'® Cavusoglu et al found that in the non-myocardial infarction subpopulation of patients,
serum potassium is an independent predictor of the presence of multivessel disease.!' However, so far no relevant
reports have been found on the influence of electrolytes after coronary angiography. Our study’s results showed
that the sodium level significantly increased, and the potassium and creatinine levels significantly decreased after
intervention (p value <0.05). Otherwise, 15% of patients had hypokalemia after angiography; the average decrease
was 0.31 mmol/L. Therefore, the incidence of hypokalemia after an intervention is not negligible and should be
highly valued by doctors at all levels. Patients prone to hypokalemia are associated with at least three predis-
posing risk factors. Firstly, patients need to be covered with multiple layers of sterile sheets during the operation,
which causes them to sweat more during the operation and lose part of their potassium ions. At the same time,
oral replacement fluids are often required after angiography to expel the contrast material effectively, and some
potassium ions are lost during frequent urination. Secondly, peri-operative patients are prone to nervosity, anxiety,
fear, and other negative emotions, so their stress level is high, which would lead to a significant increase in the
synthesis and secretion of thyroxine, catecholamine, glucagon, and other substances in the body of patients, thus,
promoting the transfer of potassium ions into the cells. Thirdly, the patient’s routine intraoperative fluid admin-
istration may dilute the blood, decreasing potassium. Hypokalemia is closely related to peri-operative complica-
tions and prognosis, especially when taking drugs such as hormones, liver protection, and diuretics.'*'* Because
the repolarization of myocardial working cells mainly involves potassium ions, low potassium could lead to
increased myocardial excitability, then increases the risk of malignant arrhythmia and even leads to patient
death.">'® The decrease of serum potassium ion can shorten stage 2 of cardiomyocyte action potential repolar-
ization and prolong stage 3 of the action potential, which can be manifested as ST segment downshift, T wave
flattening and widening U wave, and Q-T interval prolongation on body surface electrocardiogram. It might also
cause a decrease in potassium conductivity in the myocardial membrane; the potassium ion outflow rate slows
down in the middle diastolic period, while the sodium ion flow is relatively accelerated, and the automatic
depolarization rate of action potential stage 4 increases, which leads to to the enhancement of the myocardial cells
automatism and the occurrence of various rapid ectopic arrhythmias, such as atrial or ventricular premature beats,
atrial or ventricular tachycardia, and even ventricular fibrillation.

On the contrary, the post-intervention blood sodium level of the patients increased by 1.2mmol/L on average. The
main reason could be that intervention is a kind of stress, which would increase catecholamine and glucocorticoid
secretion in patients so that the patient’s blood sugar and plasma osmotic pressure increase. When blood sugar rises to
a certain extent, it can lead to osmotic diuresis in patients, causing more water loss than salt loss leading to high blood
sodium levels. In addition, the creatinine level in our research decreased after intervention. It was statistically significant
compared to before the intervention. This observation differed from previous studies suggesting that contrast media
would increase the risk of acute renal failure.'®° The analysis of the reason may be related to the pre-operative hydration
therapy. Different defining criteria make it difficult to explore the true incidence of contrasts-associated nephropathy
further.

Stratified analysis was performed according to gender, age, pre-operative electrolyte status, and intervention type. Our
study found that male patients are more likely to have post-intervention hypokalemia and hypernatremia. Younger patients
are more likely to experience post-operative hypernatremia than older patients. Male patients are more prone to electrolyte
disorders than females, which may be due to greater social and family pressure, anxiety, and stress that may more likely
induce metabolic disorders, and the incidence of comorbidities such as hypertension differed according to gender. The
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prevalence of hypernatremia in young patients could be related to a high-salt diet, and elderly patients with hypertension and
congestive heart failure often need to take diuretic drugs that lead to increased excretion of sodium ions.

We also analyzed the association of risk factors such as hypertension, diabetes, tumor, gastrointestinal disease,
thyroid disease, smoking, drinking, and hypokalemia. The study noticed that patients with hypertension, diabetes,
and gastrointestinal diseases had a higher probability of post-operative hypokalemia. Hypertension patients are
prone to post-operative hypokalemia analysis, and the renin-angiotensin-aldosterone system is also involved. Zhu
et al also found that the incidence rate of hypertension was more significant in hypokalemic than non-hypokalemic
patients scheduled for laparoscopic colorectal resection.”! There are many reasons for hypokalemia in diabetic
patients. The main reasons being osmotic diuresis caused by hyperglycemia, patients’ use of insulin, and
autonomic neuropathy of the digestive tract caused by diabetes. Patients with gastrointestinal diseases are more
prone to post-operative hypokalemia due to digestive and absorption disorders.

According to our data, male patients seem prone to hypokalemia and hypernatremia after the intervention. Therefore,
we should pay special attention to electrolyte disorders in male patients, especially those with hypertension, diabetes, and
gastrointestinal disease history, to prevent serious complications caused by electrolyte disorders.

Nevertheless, our study also had several limitations. Firstly, this study is a single-center retrospective study with small
sample size and some missing sample values. A multi-center randomized controlled study could be conducted in the
future. Secondly, the levels of electrolytes and creatinine in patients with coronary heart disease often change dynami-
cally after the intervention; only the electrolytes and creatinine levels of patients on the first day after the operation were
selected for our study, and they could be more dynamically monitored in the future.

Conclusions
In conclusion, the incidence of hypokalemia after intervention is high in patients with CHD, especially in male patients.
Therefore, serum potassium concentration should be intentionally monitored and supplemented before and after inter-

vention as appropriate.
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