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ABSTRACT. Objective. To investigate the incidence, type and

etiology of perioperative metabolic disturbances associated with

major abdominal surgery. We hypothesized that metabolic

alkalemia is more frequent than metabolic acidemia.

Methods. This was a prospective, observational study,

performed in a university-affiliated hospital. 98 consecutive

patients undergoing major abdominal surgery were included in

the study. Patients were observed by serial vital signs and laboratory

measurements during the preoperative, intraoperative, PACU and

the first three postoperative day periods. Central venous pressure,

systolic pressure variation, fluid input, urine output, temper-

ature, electrolytes, and acid–base variables were recorded. The

primary endpoint of the study was the incidence of metabolic

alkalemia or acidemia. Metabolic alkalemia was defined as pH

>7.45 and BE >+3. Metabolic acidemia was defined as pH

<7.35 and BE <-3. Continuous variables were described as

mean ± standard deviation. Distributions of continuous variables

was assessed for normalty using the Kolmogorov–Smirnov test

(cut off at P = 0.01). The frequency of metabolic acidemia or

alkalemia was compared across time points using Cochran’s

Q test and between time points using the binomial

distribution. Results. Metabolic acidemia occurred only

intraoperatively and in the PACU. Subjects with metabolic

acidemia were older, (74 ± 9 yr. vs. 66 ± 12, P = 0.01).

Intraoperative body temperature was inversely associated with

PACU lactate (P = 0.035). Blood loss >500 mL was more

frequent in acidemic patients (42% vs. 19%, P = 0.033). More

patients with hyperphosphatemia had acidemia than subjects

without hyperphosphatemia (39% vs. 17%, P = 0.019).

Metabolic alkalemia occurred more frequently than metabolic

acidemia (49% vs. 23%, P < 0.0001) and was correlated

with hypochloremia. The incidence of metabolic alkalemia

decreased from baseline to intraoperative and PACU periods

(13% vs. 3%, P = 0.003) and increased from the PACU to

the three postoperative days (3% vs. 45%, P = 0.007).

Conclusions. Metabolic alkalemia occurred more frequently

than metabolic acidemia and occurred mainly preoperatively and

postoperatively, while acidemia occurred mainly during surgery

and in the PACU.
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INTRODUCTION

Metabolic acid–base balance disturbances are among
reported complications of major abdominal surgery.
The etiology of perioperative metabolic acidemia is
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multi-factorial and may include hypovolemia and tissue
hypoperfusion leading to lactic acidemia. Other causative
factors such as administration of phosphate-based preop-
erative bowel preparation (hyperphosphatemic acidemia)
[1], excessive infusion of normal saline for fluid replacement
(hyperchloremic or dilutional acidemia) [2] and comor-
bidities (diabetic ketoacidosis, renal failure, etc.) have been
implicated as well. Perioperative metabolic alkalemia has
been primarily associated with electrolyte disturbances such
as hypokalemia and hypochloremia [3].

While perioperative metabolic acid–base balance dis-
turbances have been reported as case reports and series,
the incidence, type and etiology of these derangements
following major abdominal surgery have not been pre-
cisely described.

The aim of the present study was to estimate the
incidence, type and etiology of perioperative metabolic
acid–base balance derangements in patients undergoing
major abdominal surgery.

Further, based on clinical observation (blood samplings
for acid base analysis in previous cases) and possibly pre-
dicted by our routine intraoperative use of lactated Ringer’s
solution for fluid replacement, we hypothesized that in
major abdominal surgery, perioperative metabolic alkalemia
is more frequently encountered than metabolic acidemia.

MATERIALS AND METHODS

The study was approved by our Institutional Review Board
and written informed consent was obtained from all subjects.

Subjects

One hundred consecutive patients scheduled for elective
major abdominal surgery including gastrectomy, colec-
tomy, pancreatectomy, radical hysterectomy and radical
prostatectomy were enrolled in this prospective, obser-
vational study.

Excluded from the study were patients undergoing
surgeries frequently associated with lactic acidemia (major
vascular, cardiac surgeries and hepatectomies) [4], uretero-
sigmoidostomy conduit for radical cystectomy that is
potentially associated with hyperchloremic acidemia [5]
and patients with preoperatively diagnosed acid–base bal-
ance disturbances or elevated preoperative lactate levels.

Protocol

Patients were followed preoperatively, intraoperatively, in
the PACU and for the first three postoperative days.
Complications were recorded until discharge from the

hospital. Patients scheduled for colon surgery were pre-
pared with laxatives (phosphate salts or polyethylene gly-
col) the day before surgery. Phosphate salts were avoided
in patients with kidney or liver function impairment and in
patients suffering from congestive heart failure. Patients
were allowed clear fluid orally until 8 h prior to surgery.
Owing to its association with lactic acidemia, metformin
therapy was discontinued 48 h before surgery. The day
before surgery, diabetic patients were switched from oral
hypoglycemic agents to regular insulin with target blood
glucose levels between 100 and 200 mg/dl.

The morning of surgery, patients were premedicated
with 0.25 mg sublingual brotizolam. Chronic medication
(e.g., antihypertensive treatment) was continued.

Anesthesia was standardized and was induced with
fentanyl 1 lg/kg, propofol 2 mg/kg, and rocuronium
0.6 mg/kg or succinylcholine 1 mg/kg if rapid sequence
induction was necessary. Anesthesia was maintained with
isoflurane 0.5–2 MAC, 1 lg/kg fentanyl and rocuronium
10–20 mg boluses as necessary. Intraoperatively, patients
were ventilated in a volume control mode. Warming
blankets were applied to all patients during surgery and in
the postanesthesia care unit (PACU). Each patient had an
indwelling arterial catheter for beat-to-beat blood pressure
monitoring, systolic pressure variation (SPV) calculations
and blood sampling for laboratory analyses. A central
venous catheter was also inserted. Estimated fasting fluid
deficits were replaced in the first two intraoperative hours
with lactated Ringer’s (LR) solution according to the
4-2-1 formula [6]. For maintenance fluid replacement,
5 mL/kg/hour LR was infused.

Significant intraoperative blood loss was considered a
loss of >500 mL. An estimated blood loss <20% of total
blood volume was replaced by LR, 3 mL/mL blood loss.
Although blood administration was left at the discretion of
the anesthesiologist, for blood loss >20% of estimated
total blood volume with ongoing bleeding and/or
unstable hemodynamics, packed cells administration was
considered.

Systolic pressure variation was calculated from direct
arterial pressure as previously described [7]. SPV is not a
specific marker of hypovolemia but indicates whether the
patient will respond to fluid loading. Episodes of SPV
>10% were managed with 200 mL LR or 0.9 NaCl or
6% HES solutions (the type of solution was left at the
discretion of the anesthesiologist) boluses until the SVP
was <10% and the patient’s hemodynamics stabilized.

Postoperatively, patients with ASA I-II and no car-
diopulmonary or surgical (e.g. unexpected bleeding)
complications were observed in the PACU for 4 h and
high risk patients as decided by the on-call senior anes-
thesiologist remained overnight in the PACU or were
transferred to the surgical intensive care unit.
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Postoperative baseline fluid treatment consisted of
lactated Ringer’s solution for the 4 h of PACU stay
(1–2 mL/kg/hour) and then, on the surgical ward, of a
0.45 NaCl plus D5% solution, 1–2 mL/kg/hour. On the
surgical ward, patients also received 40 mEq of KCl
solution/24 h, unless they were hyperkalemic.

Measurements

Preoperative baseline ECG, chest X-ray and laboratory
analyses (see below) were obtained.

Intraoperatively, CVP, SPV, direct arterial blood pres-
sure (mean arterial pressure—MAP) and heart rate (HR)
were recorded every 5 min. Also recorded were episodes of
MAP <60. Core (nasopharyngeal) temperature and uri-
nary output (UO) were measured every hour. A tempera-
ture <36�C was considered hypothermia while UO
<0.5 mL/kg/h was considered oliguria. The total amount
and type of perioperative fluid requirement and blood loss
and replacement were recorded.

The same variables were also recorded every hour in
the PACU and four times daily in the surgical ward
except for SPV which was measured only during surgery.
A chest X-ray was performed in the PACU to localize the
central venous catheter position. A 12-lead ECG was
performed in the PACU.

Arterial blood gases and derivatives (pH, PaCO2, stan-
dard bicarbonate—SB, base excess—BE, PaO2), lactate,
calcium, glucose, chloride, sodium, potassium, albumin,
magnesium and phosphorus were measured preoperatively
(baseline), intraoperatively (30–45 min. before the end of
surgery), in the PACU and every 24 h for three postoper-
ative days. The anion gap (calculated and corrected) [8] was
also recorded. On the surgical floor, arterial blood gases
were sampled by arterial puncture every day for the first
three postoperative days. Intraoperative and postoperative
complications were recorded until discharge from the
hospital.

Endpoints

This study investigated the incidence, types of and etiol-
ogy of metabolic acid–base disturbances. Primary meta-
bolic acidemia was defined as pH <7.35 and BE <-3.
Metabolic alkalemia was defined as pH >7.45 and BE
>+3. [9], both in the presence of a normal pCO2.
A pH <7.25 was considered severe acidemia, <7.30—
moderate acidemia and <7.35—mild acidemia. A pH
>7.55 was considered severe alkalemia, >7.50—mod-
erate alkalemia and >7.45—mild alkalemia.

Data analysis

Analysis of data was carried out using SPSS 11.0 statistical
analysis software (SPSS Inc., Chicago, IL, USA, 1999).

Study design

With a sample size of 100 subjects, the study had a con-
fidence level of 90% and a 8.2% margin of error to detect
the prevalence of any metabolic derangement in the study
population, assuming a response distribution of 50% and a
target population of 20,000.

Continuous variables, such as biochemical and hemo-
dynamic data were described as mean ± standard devia-
tion. Distributions of continuous variables was assessed for
normalty using the Kolmogorov–Smirnov test (cut off at
P = 0.01). The distribution of lactate deviated signifi-
cantly from normal, so this variable was analyzed using
non-parametric methods. Categorical variables such as sex
and the presence of metabolic acidemia or alkalemia were
described using frequency distributions and are presented
as frequency (%). Biochemical variables were compared
across all time points using general linear modeling
repeated measures analysis followed by post hoc Bonfer-
roni’s test. The frequency of metabolic acidemia or
alkalemia was compared across time points using Coch-
ran’s Q test and between time points using the binomial
distribution. Associations between continuous variables
were described by calculating the Pearson’s or Spearman’s
coefficients as appropriate. All tests are two-sided and
considered significant at P < 0.05.

RESULTS

The data from two patients were excluded due to incomplete
information, thus 98 patients were available for analysis, with
a mean age of 67 ± 12 years (range 31–92 years). Fifty-four
percent were female. The following main comorbidities
were recorded preoperatively: hypertension—53%, ische-
mic heart disease—21%, diabetes mellitus—19%, cerebro-
vascular disease—12%, hyperlipidemia—11%, bronchial
asthma, chronic bronchitis—6%, chronic renal failure (none
on dialysis)—5%. ASA class ranged from 1 to 3, with a
median of 2.

Mean surgical time was 3.3 ± 1.9 h. Mean pH was
7.43 ± 0.08 (minimal 7.22 and maximal 7.59). None of
the 98 patients was lost to follow-up until discharge from
the hospital. There were no major intraoperative com-
plications (cardiac, pulmonary, bleeding, etc.). A total of
28 postoperative complications were recorded including
five leaks from anastomoses, five cases of sepsis (three from
leaks from anastomoses and two urosepsis), two massive
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postoperative bleeding (one from the surgical site and one
lower gastrointestinal bleeding), one acute renal failure,
one pulmonary edema and two pneumonias. There were
no major cardiac complications including myocardial
infarction and/or life-threatening arrhythmias. One patient
developed early postoperative lactic acidemia due to post-
operative bleeding, became septic and subsequently died of
multiple organ failure. Only three of these complications
were associated with acid–base derangements. One patient
had mild postoperative alkalemia (a patient who developed
fecal peritonitis) and one who developed postoperative
acute pancreatitis had mild intraoperative acidemia with
slightly elevated serum lactate. This resolved postopera-
tively. Finally, in one patient, the intraoperative and PACU
presence of severe lactic acidemia heralded the develop-
ment of acute hypovolemia due to massive gastrointestinal
bleeding. After being re-operated, the patient was trans-
ferred to the ICU where he continued to be acidotic.
Except for this single case, there were no recorded episodes
of MAP <60 mmHg in the entire study population.

There was no statistical correlation between the pres-
ence of any type of acid–base derangement and the
development of postoperative complications.

The fluids administered perioperatively included
LR—4,500 ± 1,400 mL, NaCl 0.9%—1,400 ± 800 mL, 6%
HES—600 ± 300 mL and 0.45% NaCl + 0.33% glucose—
4,500 ± 2,000 mL. Only LR and 0.45% NaCl + 0.33%
glucose (administered only postoperatively) were given to all
patients. Bleeding >500 mL occurred in 19% of patients and
these patients lost 1,250 ± 350 mL of blood. Mean blood
transfusion was 0.4 ± 0.9 units of packed cells per patient
(calculated for the whole patient population).

Measures of pH, bicarbonate, BE, hemodynamics,
biochemistry, urinary output and temperature at each
point of observation are described in Table 1. As shown
in Table 1, all measures differed significantly over time
except for pH, CVP, UO, glucose, calcium, chloride and
potassium. Calculated anion gap and corrected anion gap
were higher in the preoperative as compared to the
postoperative period (Table 1).

Table 1. Acid base and other perioperative physiologic measurements

Time Preoperative Intra-operative P.A.C.U. Postoperative P

Variable

pH 7.44 ± 0.03 7.39 ± 0.06 7.38 ± 0.05 7.44 ± 0.03 0.6

Standard Bicarbonate (mEq/L) 26 ± 4 24 ± 3 25 ± 3 26 ± 4 0.047

PaCO2 (mmHg) 38 ± 5 39 ± 6 42 ± 5 40 ± 6 0.047

Base excess (mEq/L) 1.8 ± 3.8 -1 ± 3.88 -0.3 ± 3.1 3 ± 10 0.0001

Lactate (mEq/L) 1.02 ± 0.4 1.5 ± 0.8 1.2 ± 0.8 1.13 ± 0.7 0.002

Heart rate (beats/min) 64 ± 11 64 ± 9 73 ± 10 74 ± 14 <0.0001

Mean arterial blood pressure (mmHg) 85 ± 14 82 ± 7 95 ± 11 95 ± 11 <0.0001

Central venous pressure (mmHg) 9 ± 3 12 ± 4 8 ± 2 * 0.17

Temperature (�C) 36 ± 0.4 35.9 ± 04 36.6 ± 0.2 36.9 ± 0.4 0.07

Urine output (mL/h) – 60 ± 45 80 ± 67 90 ± 50 0.2

Phosphor (mg%) 3.7 ± 0.9 3.7 ± 0.9 * 2.6 ± 0.6 <0.0001

Glucose (mg%) 125 ± 40 142 ± 41 152 ± 35 112 ± 27 0.6

Ionized calcium (mg%) 3.7 ± 0.3 4 ± 0.1 4.2 ± 0.3 3.9 ± 1.4 0.07

Magnesium (mg%) 1.9 ± 0.3 1.5 ± 0.2 ** 1.7 ± 0.2 <0.0001

Chloride (mEq/L) 98 ± 5 100 ± 3 100 ± 3 98 ± 3 0.9

Potassium (mEq/L) 3.6 ± 0.5 3.9 ± 0.3 4 ± 0.6 3.5 ± 0.3 0.09

Sodium (mEq/L) 140 ± 3 136 ± 3 135 ± 3 ** <0.0001

Hemoglobin (g%) 12.8 ± 2 11.2 ± 2 11.6 ± 2 11.1 ± 1 0.008

Albumin 3.7 ± 0.4 ** 2.9 ± 0.5 ** <0.0001

Calculated anion gap 12 ± 4 15 ± 6 9 ± 4 ** <0.0001

Corrected anion gap 17 ± 7 ** 13 ± 5 ** <0.0001

Italic P-values represent differences that are statistically significant (p<0.05).
Results are expressed as mean ± SD; *Not measured because the CV catheter was already removed; **Results unavailable due to technical
(laboratory) problems.
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The incidence and type of perioperative acid base
derangements are presented in Table 2. Metabolic
alkalemia occurred significantly more frequently than
metabolic acidemia (49% vs. 23%, P < 0.0001).

Metabolic acidemia

As shown in Table 2, metabolic acidemia was recorded in
23% of patients and mainly occurred intraoperatively and in
the PACU. There was only one case of postoperative aci-
demia in a patient who also had intraoperative and PACU
acidemia. There were three cases (3%) of severe metabolic
acidemia. Subjects with metabolic acidemia were signifi-
cantly older (74 ± 9 yr. vs. 66 ± 12, P = 0.01) but did not
differ from other patients in terms of sex, ASA or duration of
surgery. Hemoglobin, urea and creatinine levels were not
correlated with metabolic acidemia at any point in time.

Higher than normal SPV was marginally more frequent
in subjects with acidemia compared to those without
metabolic acidemia (47% vs. 23%, respectively—P = 0.06).
Perioperative fluid balance, and blood replacement was not
statistically different between the acidemic versus nonaci-
demic group. Blood loss >500 mL was more frequent in
acidemic patients (42% vs. 19%, P = 0.033). Intraoperative
urinary output was not significantly different between
acidemic versus nonacidemic groups.

Metabolic alkalemia

Table 2 shows that metabolic alkalemia occurred in
49% of patients. The incidence of metabolic alkalemia
decreased significantly from baseline to intraoperative and

PACU periods (13% vs. 3%, P = 0.003) and increased
significantly from the PACU to the three postoperative
days (3% vs. 45%, P = 0.007). There were four cases of
severe metabolic alkalemia. Metabolic alkalemia was
correlated with hypochloremia.

Correlation between the amount and type of admin-
istered fluid and the development of either acidemia or
alkalemia was not detected. Also, the development of
acidemia or alkalemia was not correlated with preopera-
tive bowel preparation.

Also shown in Table 2 are respiratory and mixed acid–
base derangements. There was no statistical correlation
between these disturbances and other measured continu-
ous variables or postoperative complications.

The incidence of perioperative biochemical abnor-
malities is shown in Table 3.

Higher than normal lactate levels were mainly recorded
in the intraoperative period (Table 3). Intraoperative
body temperature was significantly, inversely associated
with PACU lactate level (P = 0.035).

Also presented in Table 3 are incident events of
hypochloremia, hypokalemia, hypomagnesemia, hypo-
calcemia, hypoalbuminemia and hyperphosphatemia.

Hyperphosphatemia was more frequently observed in
patients bowel prepped with dibasic sodium phosphate
compared to those who received polyethylene glycol
(56% vs. 27%, P = 0.04); More patients with than with-
out hyperphosphatemia had metabolic acidemia (39% vs.
17%, P = 0.019). On the other hand, no correlation
between administration of bowel prep and development
of any metabolic derangement was observed. Moreover,
metabolic acidemia did not differ by bowel preparation:

Table 2. Incidence and type of perioperative acid base derangements

Acid base

abnormality %

of patients

Primary

metabolic

acidemia

Primary

metabolic

alkalemia

Primary

respiratory

acidemia

Primary

respiratory

alkalemia

Mixed

metabolic and

respiratory

acidemia

Mixed

metabolic and

respiratory

alkalemia

Time

Preoperative 0 13 0 9 0 0

Intraoperative 16 3 8 11 4 1

PACU 9 3 11 0 1 0

First three

postoperative days

1 45 1 28 0 8

Overall perioperative

percentage of

acid–base

derangements

23

*Mild—13

Moderate—7

Severe—3

49

**Mild—34

Moderate—11

Severe—4

18 38 5 8

Results are expressed as percentage of the total number of patients; *Metabolic acidemia: mild pH <7.35; moderate pH <7.30; severe pH
<7.25; **Metabolic alkalemia: mild pH >7.45; moderate pH >7.50; severe pH >7.55.
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15% among subject prepped with polyethylene glycol and
22.6% among subjects prepped with dibasic sodium
phosphate (P = 0.6).

DISCUSSION

The present study indicates that overall, in the perioper-
ative period, metabolic alkalemia occurred significantly
more frequently than metabolic acidemia although the
later occurred solely in the intraoperative period and
immediately after surgery (PACU). Indeed, a previously
published study has found that metabolic acidemia is the
most frequently found acid base disturbance during sur-
gery [4]. Impaired tissue perfusion and/or hypovolemia
may be a principle source of lactate production or lack of
elimination, leading to metabolic acidemia [4].

In our patients, metabolic acidemia found intraopera-
tively might suggest transient impaired tissue perfusion
which may be either regional—such as during the per-
formance of bowel anastmosis, or general, due to hypo-
volemia (roughly estimated by a marginally more frequent
high SPV episodes in the acidemic group). Also, there
were more cases of significant intraoperative bleeding
among patients with metabolic acidemia.

Two of our patients who suffered from postoperative
complications had metabolic acidemia. This may suggest
that metabolic acidemia might have heralded the devel-
opment of complications in these patients. The reason for
the lack of linkage between the other postoperative
complications and perioperative acid–base derangements
might stem from the late development of postoperative
complications at a time (beyond the first three postoper-
ative days) there were no more acid–base measurements.
This may possibly suggest the necessity for longer post-
operative follow-up after development of acid base
derangements.

In the PACU, hypothermic patients had a higher lac-
tate level, which also suggests tissue hypoperfusion.
Metabolic acidemia has also been attributed periopera-
tively to two other sources: hyperphosphatemia (as was
the case with some of our acidemic patients) caused by
phosphate salts used for bowel preparation and hyper-
chloremia caused by excessive saline infusion [1, 2].
Hyperchloremia was not observed in the present study,
since LR was our primary replacement fluid.

Another possible reason for metabolic acidemia may
be ketosis due to fasting or severe hyperglycemia. The
mobilization of adipose tissue triglycerides increases
markedly between 18 and 24 h of fasting in young adult
men [10] and in pediatric patients [11]. Conversely, in a
separate study of patients undergoing prolonged surgery,T
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the absence of glucose infusion did not cause hypogly-
cemia, and no increase in protein catabolism was observed
[12]. Further, postoperative lipolysis was not inhibited by
glucose administration following abdominal surgery [13].
It appears that none of our patients had ketosis-related
acidemia.

Metabolic alkalemia occurred more frequently than
metabolic acidemia (49% vs. 23%). Preoperative alkalemia
may be attributable to many factors, among then, a rela-
tive dehydration produced by fasting and bowel prep.
This clinical scenario has been described as ‘‘contraction
alkalosis’’ [8]. Volume depletion is associated with bicar-
bonate reabsorption and chloride depletion [8]—25%
of our patients had preoperative hypochloremia. Naso-
gastric losses (>1 L/day) or bowel enterocutaneous fistula
losses are frequent causes of perioperative metabolic
alkalemia [14], however, no such complications were
present in our study group.

In our hypothesis we considered the LR, our primary
intraoperative fluid solution as a possible major cause for
the development of metabolic alkalemia as it buffers
hydrogen ions.

Large amounts of crystalloid loading (i.e. LR) may
cause dilutional metabolic alkalemia by diluting total
plasma weak acids [15]. Fluid shifting is an often recog-
nized phenomenon during and after surgical procedures.
The peak of fluid shifting has been reported to be at 5 h
after surgery and to persist for up to 72 h, depending on
the type of surgery [16]. Nevertheless, there was no dif-
ference in the amount and type of fluids infused between
our alkalemic and nonalkalemic patients.

This may stem from the fact that postoperatively, other
types of fluids were added to LR as fluid regimes. To find
out the specific significance of using LR solution in the
development of postoperative alkalemia future research
is warranted to compare different intraoperative fluid
regimes in this regard.

Consistent with previous reports, [3] electrolyte dis-
turbances were apparently the main reason for metabolic
alkalemia in the present study. In our patients, metabolic
alkalemia occurred mainly preoperatively and in the
postoperative period. Hypokalemia may be due to intes-
tinal potassium loss associated with inadequate renal
potassium conservation [17].

In our patients, we found that metabolic alkalemia
was strongly associated with hypochloremia (P = 0.001).
Perioperative hypochloremia may be caused by use of
diuretics; indeed, 16% of our patients were on diuretics
which may at least partially explain both hypokalemia and
hypochloremia. Nevertheless, metabolic alkalemia was
not associated with diuretics in our study. Chloride may
also be lost through nasogastric tubes and volume deple-
tion, and/or renal compensation for hypercapnia [14].

None of the patients in the present study had complete
bowel obstruction or excessive gastric losses. Hypo-
chloremia may also arise secondary to potassium depletion
[18]. Thus, in our patients, hypochloremia appears to be
multifactorial. Metabolic alkalemia has been also associ-
ated with hypochloremia and hypokalemia through a
mechanism involving the electrolyte loosing effect of
bowel preps, mainly the phosphate salt. Tan et al. [1]
reported six cases of electrolyte and metabolic derange-
ments following the administration of sodium phosphate
for bowel preparation. Hypocalcemia and hypokalemia
may occur in more than 50% of these patients [17]. All
these electrolyte disturbances were very frequently
encountered in our study population (see Table 3).

Hypoalbuminemia is almost a ubiquitous finding in the
critically ill and may be another reason for metabolic
alkalemia. This is principally due to loss of the normal
buffering plasma proteins which can act as weak acids
under physiological conditions. It follows that any loss of
such non-volatile weak acids will result in metabolic
alkalemia [19].

Although metabolic alkalemia was significantly associ-
ated with hypochloremia alone, we cannot rule out
that multiple factors, including preoperative dehydration
(‘‘contraction alkalosis’’), fluid shift, hypoalbuminemia
both leading to a decreased concentration of plasma weak-
acids and diuretics and bowel prep—induced electrolyte
depletion were responsible for the perioperative metabolic
alkalemia.

Postoperative respiratory alkalemia was frequently
observed in our study (Table 2), perhaps attributable to
pain arising from the surgical wound or arterial blood
sampling. Additionally, circulatory overload (and transient
pulmonary congestion) due to fluid shift may also explain
the observation; however, neither of these was directly
measured in the present study.

Though frequent, the incidence of electrolyte derange-
ments (Table 3) in our study is of uncertain significance
since most of the measurements were slightly lower than
the lower normal values determined by our laboratories.
The high incidence of hypocalcemia may be partially
attributable to hypoalbuminemia.

Generalization of study findings may be limited by
selection bias; specifically, all observations were carried out
at a single center and patient inclusion was a convenience
sample of major abdominal surgery patients. However, it
seems reasonable that physiological response to surgical
intervention will be similar regardless of hospital.

Another limitation of the present study was that not
all patients received bowel preparation pretreatment.
Although this was not associated with incident acidemia
or alkalemia, it was associated with some electrolyte
derangements.

Boaz et al.: Metabolic disturbances in abdominal surgery 229



Most metabolic derangements observed in the study
were mild, rendering their relevance uncertain.

The clinical significance of this study may consist in
early consideration of metabolic acidosis as a heralding
sign of a hidden hypovolemia or other low perfusion
states.

As for the development of metabolic alkalemia, it
would be important to consider choosing normal saline
instead of lactated Ringer’s solution in specific cases such
as in patients having or in those who are prone to develop
cardiac arrhythmias. This would also be desirable in
patients who might have other risk factors for the devel-
opment of severe metabolic alkalemia such as patients
with certain preexisting electrolyte disturbances (i.e.
hypokalemia or hypochloremia).

In conclusion, the present study indicates that among
subjects undergoing major abdominal surgery, metabolic
alkalemia was the most frequently observed metabolic acid
base derangement and was most often present preopera-
tively and during the first three postoperative days. Peri-
operative metabolic changes followed a tri-phasic pattern
with preoperative alkalemia, intraoperative and PACU
acidemia and postoperative alkalemia. The reason for this
difference may stem from the etiology of each distur-
bance.

Further research with longer follow-up after the acid–
base profiles would be necessary to ascertain a linkage
between the development of an acid–base derangement
and the occurrence of postoperative complications.

Additionally, a study comparing the impact of different
types of intraoperative fluid regimes on the acid–base
balance might be warranted.
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