ISSN: 2789-8660 (Print) & ISSN: 2958-2121 (Online)
Frequency: Bi-Monthly

DOI: https://doi.org/10.36348/merjmcr.2025.v05i06.001

Middle East Journal of Medical Case Reports

‘IK UWAIT
SCHOLARS PUBLISHER

Website: http://www.kspublisher.com/
Email: office@kspublisher.com

Severe Metabolic Alkalosis in Hemodialyzed Patients

Konstantinos S. Mavromatidis*“, Irini M. Kalogiannidou®®, Pelagia A. Kriki®
!Nephrologist (MD), Director, “Dimokrition” Renal Unit, Komotini, Thrace, Greece
2Nephrologist (MD), Consultant, “Dimokrition” Renal Unit, Komotini, Thrace, Greece
3Nephrologist, Nephrology Clinic, Dimokrition University of Thrace, Director Nephrologist, Alexandroupoli, Thrace, Greece

chronic kidney failure).

Abstract: Acid-base disorders are a major problem in the
management of patients with end-stage renal disease. They mainly
presented metabolic acidosis with an increased anion gap, however,
other acid-base disorders are not excluded. Two hemodialyzed patients | Nephrologist (MD), Director, “Dimokrition™ Renal Unit,
are presented who developed severe metabolic alkalosis, the first due
to vomiting, which was occasionally exacerbated by respiratory
alkalosis due to anxiety neurosis, and the second due to soda intake
(prescription given ten years ago when she was in the pre-end stage of
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INTRODUCTION

It is known that end-stage renal disease (ESRD)
is characterized by metabolic acidosis due to the inability
of kidneys to remove metabolic acids such as phosphates
and sulfates [1], and the simultaneous regeneration of
bicarbonates (HCO3), due to the basic inability of the
kidneys to produce ammonia. This problem during the
hemodialysis procedure is addressed by increasing the
bicarbonates of dialysate [2-4], with dietary
modifications [5], but also with exogenous
administration of soda. With a bicarbonate content in the
dialysate of 30-40 mEg/L, satisfactory levels of
bicarbonates in the blood are achieved after the end of
session [6], so that the patient has blood bicarbonate
levels above 20-22 mEg/L before the beginning of the
next hemodialysis session [1-7]. However, other factors
such as vomiting, iatrogenic administration of e.g. non-
absorbable alkalis as antacids [8], or accidental overload
with alkali or soda [9, 10], are the main causes of
metabolic alkalosis in hemodialyzed patients [11], as
occurred in our cases. We present here two
hemodialyzed patients they showed with metabolic
alkalosis and review the literature.

CASE DESCRIPTION
Patient 1

A 90-year-old woman was on a conventional
hemodialysis program with bicarbonate in the last 12
months (3 times a week, for 4 hours and 30 minutes per

session, with a modified cellulose filter, with surface area
1.7 m?). She reported fatigue and coffee-colored
vomiting (which continued during the dialysis session
that took place on the same day), at which time she visits
the hospital. She had no residual renal function and the
weight gain from session to session was 1-1.5 Kg.
Laboratory exams showed Hct 32.1%, Hb 9.5 gr%, white
blood cells 8,820/m® (with a normal type), C-reactive
protein 9.82 mg/L (normal value <5.0) and the other
laboratory tests were normal. Blood gases obtained
before the dialysis session from the central venous
dialysis catheter she had, showed pH 7.56, PaCO, 36
mmHg, HCOs 32.2 mEg/L, PaO; 25 mmHg, and BE
(base excess) +8.1 mEg/L (metabolic alkalosis +
respiratory alkalosis, from the blood gas picture alone).
An intravenous proton pump inhibitor (PPI) was added
therapeutically, and the patient improved after 3 days of
hospitalization and was discharged from the hospital.

After 10 days, she returned complaining of
intractable vomiting, so blood gases obtained before the
dialysis session and again from the central venous
dialysis catheter (with dialysate bicarbonates 30 mmHg),
which showed pH 7.52, PaCO; 45 mmHg, HCO3 36.7
mEg/L, PaO; 19 mmHg, BE +12.3 mEg/L (metabolic
alkalosis + respiratory alkalosis). During this second
hospitalization, an endoscopic exam (gastroscopy) was
performed and a stomach full of nutritious content,
purple in color, diffuse gastritis, wall inertia and a
missing pylorus were found (Figure 1). Ultrasound of the
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upper abdomen was not diagnostic, while according to
the radiologist “at least the gallbladder was normal”. An
exploratory laparotomy was decided upon, during which
an amorphous mass was found in the gallbladder area

that included the gallbladder, the duodenum, and the
transverse colon, in conditions of inoperable cancer of
unknown origin.

Figure 1: Gastroscopy findings (malignancy is visible in the left images)

Patient 2

An 84-year-old woman who was on an
predilution online hemodiafiltration (HDF) program (3
times a week, for 4 hours and 15 minutes per session),
with a polyethosulfone filter, surface area 1.9 m? and
with a 42 L substitution volume/session, in a routine
check-up that was performed and concerned all patients
in our unit, it was found in the blood gases (from a
sample taken from the arterial line of the fistula), before
the begining of the session: pH 7.48, PaCO, 48 mmHg,
HCOs 35.7 mEg/L and BE +11.7, i.e. it was a pure
metabolic alkalosis, at least from the blood gas picture
alone. She had no residual renal function and the weight
gain from dialysis session to session was approximately
1.5 kg. Because the dialysate (33 mEq/L bicarbonates)
did not seem to be responsible for this alkalosis, a
detailed history was taken regarding the diet and the
medications she was taking (e.g., phosphate binders with
carbonate) were checked and nothing was found that was
responsible and explained the alkalosis. After one week,
she came back with pH 7.45, PaCO; 43 mmHg, HCO3
29.9 mEg/L and BE +6 mEg/L (again pure metabolic
alkalosis), while on the same day when disconnected
from the dialysis machine she had pH 7.46, PaCO, 40
mmHg, HCOs 28.4 mEg/L and BE +4.5 mEg/L. An
attempt was made again to detect the cause of metabolic
alkalosis that the patient had and it was found that she
was taking, at intervals of dialysis sessions, 1x3
tablespoons of baking soda daily (approximately 180
mEQgx3 bicarbonates). This was an instruction that had
been given to the patient, by another hospital, before the
start of hemodialysis (pre-end stage chronic renal
failure), although approximately 10 years had passed
since then. The discontinuation of the soda was

recommended and the problem of metabolic alkalosis
was restored.

The severe metabolic alkalosis that our patients
presented is highlighted and a review of the literature is
made.

DiscussIiON

Although the expected acid-base disorders in
hemodialyzed patients is the high anion gap metabolic
acidosis, other types of disturbances cannot be excluded.
The coexistence of metabolic alkalosis has also been
noted by other investigators [12], which makes it more
imperative to check the blood gases of these patients at
regular intervals (at least monthly unless there is a
special reason) [13]. However, it is worth noting that
alkalemia from exogenous alkali administration is rare,
unless the patient has renal failure.

The presence of vomiting helps the acidic
contents of the stomach to be removed from the body,
contributing to the retention in the circulation of the
bicarbonate buffer which comes from the production of
hydrogen ions, which are secreted into the lumen of the
stomach to form HCI. This excess bicarbonate (which
constitutes a temporary buffer and normally represents
the alkaline tide) is removed from the body (as non-
inactivated or non-neutralized bicarbonate), at the level
of the duodenum. There, the acidic contents of the
stomach constitute a homologous stimulus for the
secretion of pancreatic liquids, which are rich in
bicarbonates (Figure 2). In the case of vomiting,
therefore, there is no stimulus for the secretion of
pancreatic fluid, resulting in the gain of bicarbonates
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remaining in circulation. A typical case was the case of a
hemodialysis woman from Austria, who, due to induced
vomiting (due to a problem in the upper gastrointestinal
tract), arrived at the hospital with severe metabolic
alkalosis (pH 7.52, BE +17) and was successfully treated

with PPIs [12]. In these cases, the administration
inhibitors of histamine Hy-receptor have proven
successful for 10 years in non-dialysis patients and in
patients in intensive care units [14].
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Figure 2: Initially, for every H* secreted in the stomach, one bicarbonate is gained, which returns to the
circulation (alkaline tide) (A). Then, under normal conditions, the acidic contents of the stomach, when the food
reach to the duodenum, stimulate the secretion of pancreatic fluid rich in bicarbonates, at which point the earned
bicarbonates in the stomach are excreted in duodenum (A). When this does not happen and the content of the
stomach is lost through vomiting, the gain of bicarbonates in the stomach are maintained in the body, but also
because of hypovolemia produced aldosterone which act in DCT and reabsorb sodium in excretion of H*, where
earned bicarbonates and they cause this way metabolic alkalosis (B). (PCT = proximal convoluted tubule, DCT =
distal convoluted tubule, ALD = aldosterone)

Of course, other causes of metabolic alkalosis
in hemodialyzed patients have been reported in the
literature, such as from taking preparations containing
soda (apparently for indigestion reasons) [15], as
happened in our second patient and often without
medical advice [9, 10], or even in cocaine-addicted
individuals.

Something similar happened to a hemodialyzed
patient (who had been on dialysis since 2 years ago, 3
times a week, with a dialysate containing 35 mEq/L
bicarbonates and 4 mEg/L acetate), who was taking
baking soda due to hiccups that she was having and who
was relieved by taking it (she took % of a 126 ml bottle
of Bromoseltzer solution, containing 89 mEq HCO3™ and
71 gr citric acid, within 48 hours). At the hospital,
hiccups, disorientation, reduced sensation in the left
upper limb, blood pressure 170/100 mmHg, pulse
108/min and 24 breaths/min were found. Arterial blood
gases revealed metabolic alkalosis (pH 7.53, PaCO; 47
mmHg, HCO3 40 mEg/L and PaO, 59 mmHg) and was
successfully treated with conventional hemodialysis with
reduced dialysate bicarbonates (28 mEg/L in the first
hour and 30 mEg/L in the next two hours) [10], as was

observed much earlier by others [16], but confirmed by
us. A similar case has also been reported of a 52-year-old
hemodialyzed patient who received baking soda daily for
several weeks because she particularly liked it (i.e.
without suffering from nausea or vomiting) [9].

Clinically, however, in addition to the above, a
correlation between sleep apnea and the presence of
arterial hypertension with metabolic alkalosis has been
observed in a hemodialyzed patient who was taking
antacids alone (4-5 gr of baking soda/24 hours). With
these conditions, he appeared in the hospital with a pH
of 7.47, PaCO; 55.6 mmHg and HCOs 40.1 mEq/L.
During his hospitalization, bicarbonates and pH
progressively decreased, so that episodes of sleep apnea
also was reduced, while blood pressure was restored to
normal after two months, without the need for
antihypertensive drugs [11]. These disorders were
attributed to the reduction of respiratory function
(respiratory depression), as compensation for metabolic
alkalosis, where hypoxia also stimulates the activity of
the sympathetic nervous system, which is responsible for
hypertension, which is somewhat exacerbated by the
sodium load of soda. Because of this, the mortality of
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metabolic alkalosis is increased [7, 17], which is why
aggressive and urgent treatment is required [18].

Similarly, Pathak et al., at the National Kidney
Foundation Clinical Meeting in 2008 reported a
hemodialyzed woman who developed a decrease in the
number and range of breaths (hypopnea) during a
dialysis session. The session was interrupted and the
blood gases showed pH 7.46, PaCO,; 94 mmHg and
HCOs; 69 mEg/L. Although she was intubated, she
immediately experienced ventricular fibrillation and
arrest. Cardiopulmonary resuscitation was successful,
and her heart rate and blood pressure were restored. After
restoring the bicarbonates and pH levels, she was
discharged from the hospital healthy 10 days. It was
obvious that the patient received large amounts of
bicarbonates due to poor functioning of the hemodialysis
system during the session, resulting in rapid metabolic
alkalosis [19].

It is noted that hypopnea in such patients is dealt
with by treating the disease that is responsible for it, such
as metabolic alkalosis, and not by treating hypoxemia. In
fact, in the past, caution was drawn to the use of acetate
hemodialysis, because it aggravated the alkalosis (due to
it led to a decrease in COz) [20]. However, in our
patients, no disturbance in blood gases (PaCO; and PaOy)
were found, so their general condition was good.

There did not appear to be any other cause of
metabolic alkalosis from the history or laboratory exams
of our patients, such as hypochloremia and hypokalemia,
which are typically not observed in metabolic alkalosis
in patients without renal function (it is noted that no one
of our patients had residual renal function) [8], although
hypokalemia may also be due to intracellular potassium
movement due to alkalosis, while it should also be
emphasized that an increase in bicarbonates in a patient
with ESRD always indicates the presence of metabolic
alkalosis, because the secondary increase in bicarbonates
in respiratory acidosis requires the presence of renal
function. In contrast, hemodialyzed patients are prone to
the development of metabolic alkalosis in cases of acid
loss through the gastrointestinal tract, because they do
not have the ability to eliminate excess bicarbonates
through the affected kidneys.

It is concluded that for various reasons,
hemodialyzed patients may experience metabolic
alkalosis, a fact that should be considered. It would
perhaps be preferable for each hemodialysis unit to
perform at least monthly blood gas analysis to detect
such cases as early as possible.
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