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Abstract

Purpose  We investigated whether hypokalemia devel-
oped during the postoperative period and whether the use
of intravenous patient-controlled analgesia (IV-PCA) could
decrease the incidence of postoperative hypokalemia in
patients who underwent laparoscopic cholecystectomy.
Methods Sixty patients undergoing laparoscopic chole-
cystectomy were randomly assigned to either IV-PCA
(n = 30) or control (n = 30) groups. We measured serum
potassium concentration at the outpatient department (T1),
at 8:00 a.m. on the day of surgery (T2), at 6 h after the end
of surgery (T3), and at 8:00 a.m. on the first (T4), second
(TS), and third (T6) postoperative days. Serum potassium
concentration, incidence of hypokalemia, mean blood
pressure, heart rate, respiratory rate, and the patient-
reported visual analogue scale score were compared within
each group and between groups at each time point.
Results  Serum potassium concentrations in all patients
showed a significant decrease at T2-T4 compared to the
preoperative  concentration (T1). Serum potassium
concentrations at T3 and T4 in the IV-PCA group were
significantly higher than those in the control group. Also,
the incidence of hypokalemia at T3 and T4 was signifi-
cantly lower in the IV-PCA group. Mean blood pressure
and heart rate were significantly lower in the IV-PCA
group than in controls at T3 and T4.
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Conclusions The results show that hypokalemia devel-
oped during the perioperative period and the use of
IV-PCA in patients undergoing laparoscopic cholecystec-
tomy effectively decreased the degree and incidence of
postoperative hypokalemia on the day of the operation and
postoperative day one.
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Introduction

Potassium is the principal intracellular ion, and its con-
centration and gradients greatly influence the electrical
activity of excitable membranes. Hypokalemia is known to
increase the incidence of perioperative arrhythmia [1-3]. It
has been suggested that hypokalemia triggers ventricular
tachyarrhythmia via cellular hyperpolarity, in that it
increases resting potential, hastens depolarization, and
increases automaticity and excitability [4, 5]. The adverse
association between hypokalemia and arrhythmia in animal
and human studies appears to be more significant in the
presence of acute myocardial ischemia [3, 6-8]. Hypoka-
lemia can be induced by various conditions, including
respiratory or metabolic alkalosis, salt-wasting renal dis-
ease, diuretic therapy, and hormone effects [9, 10]. Previ-
ous studies have revealed that preoperative anxiety can
lead to hypokalemia as a result of catecholamine release as
a neuroendocrine stress response [11-13]. As such, it
was contended that postoperative pain could induce the
neuroendocrine stress reaction and subsequently result in
hypokalemia. It was postulated that the severity of the
neuroendocrine stress reaction due to postoperative pain
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was correlated with plasma potassium concentration, and
that the reaction could be effectively blocked by the use of
intravenous patient-controlled analgesia (IV-PCA). The
goal of this study was to investigate whether hypokalemia
developed during the perioperative period and whether the
use of IV-PCA in patients undergoing laparoscopic cho-
lecystectomy could decrease the incidence of hypokalemia
and hypokalemia-associated arrhythmia.

Patients, materials, and methods

This randomized controlled prospective study was
approved by the Institutional Review Board (IRB) of our
institution and all patients provided informed consent.
Sixty patients (American Society of Anesthesiologists
[ASA] class I or IT) who were scheduled for laparoscopic
cholecystectomy during the period from January 2011 to
March 2011 were enrolled in the study. Patients were
randomized into two groups—either the IV-PCA or the
control group, using a computer program (http://www.
randomizer.org). Patients with endocrine disorders,
including primary or secondary hyperaldosteronism, reno-
vascular hypertension, renin-secreting tumor, Cushing’s
syndrome, or salt-wasting renal diseases such as Bartter’s
syndrome or renal tubular acidosis, were excluded. Patients
with recent or current steroid, insulin, f-blocker, diuretic,
or antidepressant treatment were also excluded. Those with
metabolic or respiratory alkalosis as determined by pre-
operative arterial blood gas analysis (ABGA) were also
excluded. Those with antihypertensive drug treatment or
systemic hypertension diagnosed as grade 2 or higher
(systolic value >160 mmHg, or diastolic value >100 mmHg)
[14] were excluded to allow for the comparison of blood
pressure between the two groups. Subjects with initial
hyper- or hypokalemia determined during the preoperative
blood test at the outpatient department (time [T] 1) were
included only after confirming normal potassium concen-
trations with a repeated blood test or they were excluded
from the study. Therefore, the preoperative potassium
concentrations in all the patients were within the normal
range.

Patients were fasted from the midnight before surgery.
All patients were scheduled to have surgery at 9:00 a.m.,
with no premedication. Lactated Ringer’s solution was
preoperatively administered from 8:00 a.m. on the day of
surgery at a rate of 2.0 mL/kg/h, and was continued in the
operating theater through the second postoperative day
until oral intake was resumed. An anesthetist individually
adjusted the infusion rate during surgery. Patients infused
with colloid solution or transfused with blood products
were excluded from this study. If other fluid was used at the
ward by the surgeon after surgery, the patient was excluded
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from the study. Serum potassium concentration was mea-
sured at six time points; in the outpatient department (T1),
at 8:00 a.m. on the day of surgery (T2), 6 h after the end of
surgery (T3), and at 8:00 a.m. on the first (T4), second
(T5), and third (T6) postoperative days. Serum potassium
concentration was measured by venous sampling and not
by ABGA, as heparin in the ABGA syringe may interfere
with the result of serum potassium concentration. In
addition to serum potassium concentration, ABGA (at
T2-T5), non-invasive blood pressure, heart rate, respira-
tory rate (at all time points), and patient-reported visual
analogue scale (VAS: a visual indicator of pain with a slide
ruler with drawing of human faces and 100-mm scale at the
back) pain scores (at T3-T6) were measured and compared
at each time point. 12-Lead electrocardiographic examin-
ations were performed to evaluate the incidence of
arrhythmia at T1 and T3-T5. The same group of surgeons
treated all the patients using identical surgical techniques.
Anesthesia was induced with pentothal 5 mg/kg, rocuro-
nium 0.6 mg/kg, and fentanyl 1 pg/kg and maintained with
sevoflurane. No infiltration of skin or intraperitoneal cavity
with local anesthetic was performed and peak intraab-
dominal pressure was monitored during the surgery.
A maintenance dose of vecuronium was administered to
make a train-of four count of 0O-1 during the surgery.
During the surgery, the end-tidal CO, was strictly con-
trolled between 35 and 40 mmHg by the anesthetist.

A disposable IV-PCA device (Accufuser Plus®;
Wooyoung Healthcare, Seoul, Korea) was connected to the
intravenous line and infusion began when skin closure was
completed. For blinding, the IV-PCA device was also
connected for the control group, and saline was infused.
The IV-PCA regimen consisted of 15 pg/mL fentanyl and
the IV-PCA device was initially programmed to deliver at a
2.0 mL/h basal rate and a 1.0 mL bolus dose with a lock-
out duration of 15 min. IV-PCA was infused during the
first 48 h after the end of surgery. If nausea, vomiting, or
pruritus was severe and poorly controlled with antiemetic
or antihistamine, the IV-PCA was removed and the sub-
jects were excluded from the study. In the control group,
postoperative pain was controlled with intravenous ketor-
olac 30 mg as the first-line drug and the dose was repeated
for up to three times a day. In both groups, if pain control
was not adequate, 0.5-1 mg/kg meperidine was adminis-
tered and the dose and frequency of meperidine use was
recorded.

Hypokalemia was defined as potassium <3.5 mEq/L,
severe hypokalemia as potassium <3.0 mEq/L, and
hyperkalemia as potassium >5.5 mEq/L. If severe hypo-
kalemia or hyperkalemia developed, the patient underwent
appropriate treatment and was excluded from the study.
The differences in potassium concentration at T2-T6 from
that at T1 were measured and compared between the two
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Table 1 Demographic and
perioperative patient data

Values are expressed as the
mean £ SD (range)

EBL estimated blood loss, IV-
PCA intravenous patient-
controlled analgesia

Variables IV-PCA (n = 26) Control (n = 28)
Age (years) 545 £ 152 55.8 £ 16.8
Sex (M/F) 17/11 11/15
Weight (kg) 63.2 £ 10.8 66.1 + 12.7
Height (cm) 160.0 £ 9.6 163.6 &+ 8.2
Total volume of IV fluid (mL) 8126.9 £ 257.0 8085.7 £ 243.0
Urine output during surgery (mL) 262.7 £ 77.2 260.4 £ 69.9
EBL during surgery (mL) 210.4 £+ 60.8 215.0 £+ 23.6
Mean surgery time (min) 66.1 = 9.1 683 + 7.7
Mean anesthesia time (min) 80.7 £ 4.9 81.0 £ 4.5
Intraabdominal pressure (mmHg) 125+ 12 13.1 £ 2.1
Hospital stay (days) 44 £0.6 42 £ 0.7
Plasma potassium concentration at T2-T4 was

groups. The incidence of hypokalemia was compared
between the two groups.

All data were analyzed using SPSS 14.0 (SPSS,
Chicago, IL, USA) and all measured variables were
expressed as means =+ standard deviation. Demographics
were compared using a two-sample t-test and a y* test as
appropriate. The absolute values of serum potassium, mean
blood pressure, heart rate, and respiratory rate at T2-T6
were compared with those at T1 within each group using a
repeated measure analysis of variance (ANOVA) with the
Student-Newman—Keuls method as post-hoc analysis.
A two-sample t-test or Mann—Whitney test was used to
compare the absolute values of potassium concentration,
mean blood pressure, heart rate, respiratory rate, VAS
score, arterial pH, and PaCO, at each time point and the
magnitude of change from the preoperative value (T2-T1,
T3-T1, T4-T1, T5-T1, T6-T1) between the two groups.
y* analysis was used to analyze differences in the incidence
of hypokalemia between the groups. A p value of <0.05
was considered statistically significant.

Results

Sixty individuals were initially enrolled in this study and
54 subjects (26 in the IV-PCA and 28 in the control group)
finished the study protocol. Three subjects in the IV-PCA
group were excluded from the study because they stopped
using IV-PCA on the first postoperative day due to severe
nausea, vomiting, or pruritus. Three subjects (one in the
IV-PCA group and two in the control group) were also
excluded because of severe hypo- or hyperkalemia devel-
oped at T3 or T4.

There was no significant difference in demographic
factors between the two groups (Table 1). Perioperative
data including input and output values were not different
between the two groups (Table 1). The mean total fentanyl
consumption of the IV-PCA group was 1505.64 + 58.3 pg.

decreased significantly compared with the concentration
measured at the outpatient department (T1) in both groups.
Among the T2-T4 time points, the potassium concentration
was significantly different between the two groups at
T3and T4 (Table 2; Fig. 1a). Also, the absolute fall from
the preoperative potassium concentration was significantly
smaller in the IV-PCA group compared to that in the
control group at T3and T4 (Table 2). The incidence of
hypokalemia was also significantly lower in the IV-PCA
group compared to that in the control group at T3 and T4
(Table 2).

There were no episodes of severe arrhythmia in any of
the subjects, even though there were a few cases of atrial or
ventricular premature beat (Table 3). The incidence of
arrhythmia did not differ between the two groups
(Table 3). Mean blood pressure and heart rate were ele-
vated at T2 compared with T1 in both groups (Table 3).
Mean blood pressure and heart rate were significantly
elevated at T3 and T4 compared with T1 (Table 3) only in
the control group. The respiratory rate was significantly
elevated at T2-T4 compared to T1 in both groups.

VAS scores were not significantly different between the
IV-PCA and control groups at T3-T6 (Table 3). Mean
blood pressure and heart rate were significantly different
between the two groups at T3 and T4 (Table 3; Fig. 1b).
However, the respiratory rate was not significantly differ-
ent between the two groups at any time point (Table 3).
Arterial blood pH and CO, tension were within normal
ranges in both groups at T2-T5 (Table 3).

Discussion
The major new observations presented in this study are
that, in patients undergoing laparoscopic cholecystectomy,

there was a significant incidence of hypokalemia during the
immediate preoperative and postoperative period (the day
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Table 2 Comparison of serum potassium concentration, change in serum potassium concentration, and incidence of hypokalemia at each time

point

Variables Group T1 T2 T3 T4 T5 T6

Absolute value (mEq/L) IV-PCA 4.1 +03 3.8+ 04" 3.9 £ 0.3%= 3.8 £ 0.4% 40 £ 0.4 40+ 04
Control 42 + 04 3.8+ 0.3 35+ 02" 3.6 £ 03" 4.0 £ 0.3 4.1+ 04

Change from preoperative IV-PCA - —-0.33 £0.23 —0.13 £ 0.24* —-0.26 £ 0.34* —0.03 £0.17 —0.09 £ 0.28

value (T1) Control —0394+023 —072+028 —058+035 —0.14 +036 —0.05+ 033

Incidence of hypokalemia (1) IV-PCA 0 6 (23.1%) 4% (15.4%) 3% (11.5%) 2 (7.7%) 1 (3.8%)

Control 0 5 (17.9%) 11 (39.3%) 10 (35.7%) 2 (7.1%) 2 (7.1%)

Values are expressed as the mean £+ SD

Time points were as follows: outpatient department (T1), 8:00 a.m. on the day of surgery (T2), 6 h after the end of surgery (T3), 8:00 a.m. on the

first (T4), second (T5), and third (T6) postoperative days

# p value <0.05 versus control group, 'p value <0.05 versus T1 value
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Fig. 1 Comparison of serum potassium concentration (a) and mean
blood pressure (b) between groups at each time point. Data are
presented as the mean + standard deviation; 'p value <0.05 versus
T1 value, *p value <0.05 versus control group. Time points were as

of the operation and postoperative day one) and that the use
of IV-PCA reduced the degree of postoperative serum
potassium concentration decrease and the incidence of
hypokalemia.

Previous studies reported that hypokalemia before
the induction of propranolol [15, 16]. It has also been
demonstrated that elevated epinephrine arising from pre-
operative anxiety stimulated the -2 adrenoceptor and the
Na/K-ATPase that transports potassium into liver or skel-
etal muscle cell bodies and reduces extracellular and
plasma potassium concentrations [11-13, 16—19]. Previous
studies reported that preinduction serum potassium con-
centrations were significantly lower than those measured in
the outpatient department, a finding which was attributed to
increased catecholamine due to preoperative anxiety, as
determined by measurements of serum epinephrine levels
[11, 12]. Similar results showing a difference between T1
and T2 were found in the present study. Furthermore, there
was a statistically significant decrease in potassium con-
centration in the postoperative period (T3, T4). From these
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follows: outpatient department (7'7), 8:00 a.m. on the day of surgery
(T2), 6 h after the end of surgery (73), 8:00 a.m. on the first (74),
second (75), and third (76) postoperative days. IV-PCA intravenous
patient-controlled analgesia

results it was postulated that stress hormones, including
catecholamine released in response to postoperative pain,
decreased serum potassium concentrations, similar to the
way in which preoperative anxiety caused hypokalemia.
We did not premedicate the patients, in order to rule out the
effect of premedication on serum potassium concentration.
The effect of premedication may influence the postopera-
tive serum potassium concentration, and these two effects
may be mixed during the postoperative period.

There was a significant increase in mean blood pressure
and heart rate at T3 and T4 compared with T1 only in the
control group. From this result, we could assume that the
effect of IV-PCA blocked the elevation of blood pressure
and heart rate at T3 and T4. It was assumed that the ele-
vated blood pressure and heart rate were the result of stress
hormone release. The reduction in the incidence of hypo-
kalemia at T4 was subsequently postulated to be due to a
reduction of stress hormone release. Adams et al. [20]
investigated the interaction between postoperative pain
score and endocrine stress response and found no
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Table 3 Comparison of clinical features at each time point
Variables Group T1 T2 T3 T4 T5 T6
Incidence of arrhythmia® IV-PCA 1 - 2 1 2 -
Control 2 - 3 3 2 -
VAS score IV-PCA - - 33+ 13 25+09 1.0 £ 0.7 1.1 £05
Control - - 35+1.2 28 £ 1.1 1.1 £0.8 1.0 £ 0.7
Mean blood pressure (mmHg) IV-PCA 86.7 + 4.4 87.0 £ 3.8 88.0 £ 3.3* 86.1 + 3.6* 855 4.1 86.6 + 7.0
Control 847 +67 87.1+53"  926+55" 8.7+61"7 839439 84.4 + 5.1
Heart rate (beats/min) IV-PCA 594 + 74 63.8 + 5.8 62.6 £+ 4.9% 61.3 £+ 3.6%* 615+ 33 59.1 £7.1
Control  61.8+67  650+55"  663+55 648+68" 624422 59.4 + 8.1
Respiratory rate (/min) IV-PCA 16.8 = 1.9 177 + 1.6 18.6 + 1.37 17.7 + 1.37 16.7 £ 1.5 162 £ 1.5
Control 16.1 £ 1.3 17.1 + 1.37 17.8 £ 237 17.6 £ 1.2° 164 £ 1.3 156 £ 1.6
Arterial blood pH IV-PCA - 7.44 £+ 0.05 7.43 + 0.04 7.45 £ 0.04 7.45 £ 0.03 -
Control - 7.44 £+ 0.04 7.42 + 0.05 7.44 £+ 0.06 7.44 £+ 0.03 -
Arterial blood PaCO, (mmHg) IV-PCA - 385 +24 38.6 £ 24 372 +24 38.2 £ 2.8 -
Control - 386 £ 1.9 387 £ 25 37.8 £ 3.0 383 +29 -

The values are expressed as means &+ SD

Time points were as follows: outpatient department (T1), 8:00 a.m. on the day of surgery (T2), 6 h after the end of surgery (T3), 8:00 a.m. on the

first (T4), second (T5), and third (T6) postoperative days
VAS visual analogue scale

* Arrhythmia (atrial or ventricular premature beats)

* p value <0.05 versus control group

i p value <0.05 versus T1 value

correlation between them. In their study, there was a dif-
ference of stress hormone release according to different
anesthetic techniques even though VAS was similarly
reduced irrespective of anesthetic techniques [20]. Thus,
from this result, we can conclude that the primary deter-
minant of serum potassium is the stress hormone level
rather than the pain score reported by the patients [20]. For
example, a 15-fold increase in epinephrine in normal vol-
unteers was shown to lead to a 0.4-0.9 mEq/L decrease in
potassium in a previous study [19]. We can also postulate
that the stress hormone level was different between the two
groups in the present study, although the VAS scores
reported by the patients were not different between the
groups.

However, the clinical significance of our study was
limited because IV-PCA could not completely block the
development of hypokalemia and there was no significant
arrhythmia. We could attribute this result to the IV-PCA
regimen. The dose of [V-PCA might not have been enough
to block the whole process of endocrine stress response.
The small bolus dose and long lock-out time may have not
fully blocked the neuroendocrine response in our patients.
There were no cases of severe arrhythmia in the present
study, even though there was a high incidence of hypoka-
lemia (up to 39.3%, 11 subjects at T3 in the control group).
The clinical effect of hypokalemia prevention was limited,
as clinically significant arrhythmia did not occur. However,

this may be because the present study included only normal
healthy subjects without cardiovascular disease, and sub-
jects with severe hypokalemia were excluded during the
course of the study. Therefore, even though there were no
cases of severe arrhythmia in the present study, subjects
with cardiovascular disease will likely be influenced more
than healthy subjects by the use of IV-PCA in terms of
clinically significant arrhythmia. Furthermore, in our study,
electrocardiographic examinations were not performed
continuously throughout all of the postoperative period.
The use of 24-Hour Holter examination may have detected
arrhythmia more sensitively.

There are studies reporting that patients with ischemic
heart disease or baseline electrocardiographic abnormali-
ties including left ventricular hypertrophy are particularly
vulnerable to hypokalemia, ventricular arrhythmia, and
sudden death [2, 21]. Hulting [2] reported that a near
fivefold increase in the incidence of early ventricular
fibrillation within 12 h after coronary care unit admission
was observed in patients with serum potassium below
3.9 mmol/L. Siscovick et al. [21] reported that the addition
of a potassium-sparing drug to low-dose thiazide therapy
was associated with a reduced risk of cardiac arrest in
patients with hypertension. Shah et al. [22] showed that
hypokalemia was one of the individual factors that was
useful in predicting the outcome of perioperative myocar-
dial infarction or cardiac death in patients with cardiac
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diseases undergoing non-cardiac operations. However,
there have been studies that denied the association of
hypokalemia with arrhythmia or poor outcome. Hirsch
et al. [23] reported that frequent and complex ventricular
arrhythmias were common in those with a history of long-
term digoxin therapy or congestive heart failure, but
hypokalemia did not increase the incidence or severity of
ventricular ectopy. Vitez et al. [24] reported that the
occurrence of intraoperative arrhythmia was not related to
chronic hypokalemia but to preexisting preoperative
arrhythmia. They reported that the only risk factor for
malignant arrhythmias intraoperatively was the presence of
cardiovascular disease with concurrent digoxin therapy.
The most recent multicenter study reported that perioper-
ative arrhythmia and the need for cardiopulmonary resus-
citation increased as the preoperative serum potassium
level decreased below 3.5 mmol/L [6].

In the present study, laparoscopic cholecystectomy was
selected as the surgery type as this surgery is thought to be
painful with intermediate intensity; it is not so painful as to
absolutely need IV-PCA, nor is it so pain-free as to not
need IV-PCA. Based on the patients enrolled in this study,
laparoscopic cholecystectomy was not so painful as to need
the IV-PCA, because only two patients in the control group
(7.1%) required the use of meperidine. Furthermore, the
VAS scores were not significantly different between our
two groups. Therefore, even though the use of IV-PCA
reduced the incidence of hypokalemia in the postoperative
period, the control of subjective pain was not the key to
making the difference. We postulated that the stable con-
trol of the underlying neuroendocrine response by IV-PCA
reduced the incidence of hypokalemia. In other words,
compared with intermittent bolus doses of nonsteroidal
anti-inflammatory drugs (NSAIDs) with or without opioid,
a continuous infusion of opioid might have controlled the
neuroendocrine response more stably. The incidence of
hypokalemia might have been reduced as a consequence of
the stable control of the stress hormone level. Postoperative
pain as assessed by patient-reported VAS scores may be
only a secondary indicator of stress, and even sufficient
analgesia with subjective well-being cannot prove a stress-
free state [20, 25].

There is also potential for the development of prein-
duction (T2) and postoperative (T3, T4) hypokalemia
resulting from acute hyperventilation due to preoperative
anxiety or postoperative pain [26-28]. Muir et al. [28]
quantified the effects of respiratory rates on arterial pH,
PaCO,, HCO3;, and potassium in normal anesthetized dogs.
Each 10-mmHg decrease in PaCO, was associated with a
potassium decrease of 0.4 mEq/L. In the present study,
there were no significant differences in arterial pH and
PaCO, from T2 to TS5, even though respiratory rates were
significantly increased during T2-T4. Furthermore, the pH,
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PaCO, level, and respiratory rate were not significantly
different between the two groups at any time point.
Therefore, it was concluded that although mild hyperven-
tilation may have been present, respiratory alkalosis that
was severe enough to be the primary cause of serum
hypokalemia at T2-T4 was not observed. Therefore, it was
assumed that the hypokalemia at T2-T4 was the result of
stress hormone release and not the result of hyperventila-
tion as a result of anxiety or postoperative pain.

The present study has several limitations. First, Com-
parisons of the levels of plasma stress hormones [29]
including catecholamine, adrenocorticotropic hormone
(ACTH), cortisol, and aldosterone, were not performed.
Further study, including the measurement of these hormone
levels, is required to clarify the underlying mechanism of
hypokalemia. Second, as previously mentioned, three
12-lead electrocardiographic examinations were not suffi-
cient to demonstrate reduction in arrhythmia; a 24-hour
Holter examination may have been more sensitive for this.
Third, the choice of laparoscopic cholecystectomy as the
surgery might not have been suitable, because it is painful
for only a very brief period and thus could not show the
effect of blocking of the neuroendocrine response for a
long enough period.

In summary, our findings showed a significant incidence
of hypokalemia during the immediate preoperative and
postoperative periods. The use of patient-controlled intra-
venous analgesia in patients undergoing laparoscopic
cholecystectomy significantly reduced, but did not com-
pletely prevent, the degree of potassium concentration
decrease and the development of hypokalemia in the
postoperative period.
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