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Abstract
Background: Although prescribed to every patient undergoing surgery, maintenance fluid therapy is a poorly researched 
part of perioperative fluid therapy. The tonicity of the chosen solutions, could be an important cause of morbidity, with 
hyponatremia being a potential side effect of hypotonic solutions, where isotonic solution could lead to fluid overload.  
Methods: The TOPMAST-trial is an ongoing prospective single-center double-blind randomized trial comparing an 
isotonic and a hypotonic maintenance fluid strategy during and after surgery in patients undergoing different types 
of major thoracic surgery. Patients receive NaCl 0.9% in glucose 5% with an added 40 mmol L-1 of potassium chloride 
or a premixed solution containing 54 mmol L-1 sodium, 55 mmol L-1 chloride and 26 mmol of potassium at a rate of  
27 mL per kg of body weight per day. The primary hypothesis is that isotonic maintenance solutions cause a more posi-
tive perioperative fluid balance than hypotonic fluids. Different secondary safety endpoints will be explored, especially 
the effect of the study treatments on the occurrence electrolyte disturbances (e.g. hyponatremia, hyperchloremia) and 
a set of clinical endpoints. Efficacy endpoints include the need for resuscitation fluids and assessment of renal and 
hormonal adaptive mechanisms. An anticipated 68 patients will be included between March 2017 and January 2018.
Discussion: The study will provide the most comprehensive evaluation of clinically important outcomes associated 
with the choice of perioperative maintenance fluid therapy. 
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Until the early 2000s, perioperative fluid manage-
ment was predominantly based upon the experi-
ence, training and even personal convictions of the 

prescribing anesthesiologists and surgeons. During 
the past few years, an increased interest in periop-
erative goal directed therapy lead to a more restric-
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tive use of resuscitation fluids during surgery [1].  
 The potentially detrimental effects of chloride-
rich resuscitation fluids such as NaCl 0.9% were 
brought under the clinician’s  attention and lead 
to an increased interest in chloride-poor balanced 
solutions [2–4]. One important, but substantial part 
of perioperative fluid therapy remained largely 
unresearched, though: maintenance fluid therapy, 
prescribed to cover the patient’s need for fluid and 
electrolytes during the period he or she is unable 
to ingest food or fluid. The only research on this 
part of fluid therapy was performed in the field of 
pediatric medicine and showed a higher incidence 
of hyponatremia using hypotonic solutions [5]. The 
subsequent recommendation to avoid hypotonic 
maintenance solution remains heavily debated [6–8]. 
It is also unknown whether these findings could be 
extrapolated to an adult population. On the other 
hand, a  recent study performed by our group in 
healthy volunteers demonstrated an unintentional 
plasma expansion and subsequent fluid retention 
of around 600 mL under maintenance fluid therapy 
using NaCl 0.9% in glucose 5% with 40 mmol L-1 of 
potassium chloride versus a  premixed hypotonic 
solutions containing only 54 mmol L-1 of sodium [9]. 
Also, hyperchloremia was frequently encountered in 
the isotonic treatment arm, while no hyponatremia 
could be demonstrated under hypotonic treatment. 
It is unclear whether these findings could be repro-
duced in a clinical setting, which could be especially 
important in surgical patients where it was clearly 

demonstrated that fluid-induced weight gain leads 
to perioperative morbidity [10]. 
The primary hypothesis of this study is that isotonic com-

pared to hypotonic maintenance fluid therapy at a guideline-
recommended rate leads to a more positive perioperative 
fluid balance after major surgery in adults. Furthermore, we 
wanted to explore the effect of the tonicity and the composi-
tion of maintenance fluid therapy on the serum concentra-
tions of sodium, chloride, potassium, calcium, magnesium 
and phosphate and on the incidence of disorders of these 
electrolytes, particularly hyponatremia, hyperchloremia. Dif-
ferent clinical secondary endpoints will be explored as ad-
ditional safety endpoints. We also aimed to explore different 
physiological adaptive mechanisms and markers of volume 
status (aldosterone and fractional excretion of sodium).

Methods
Tonicity of Perioperative Maintenance Solutions in 

Thoracic Surgery (TOPMAST) is a prospective single-center 
double-blind randomized trial comparing the clinical out-
comes of adult patients undergoing major surgery with two 
different maintenance solutions. 

Inclusion and exclusion criteria
The study is being conducted at the Antwerp Univer-

sity Hospital, a tertiary care academic hospital in Belgium. 
Eligible patients (at least 18 years of age) are scheduled for 
elective thoracic surgery for presumed or proven lung can-
cer: pulmonary lobectomy, bilobectomy or segmentectomy, 
through thoracotomy or video-assisted or robot-assisted 
thoracoscopy. Patients undergoing pneumonectomy are 

Table 1. Summary of exclusion criteria

Reason for exclusion Exclusion criterion

Difficulty in interpretation 
of the primary and 
secondary endpoints

Estimated glomerular filtration rate (eGFR) lower than 60 mL min-11.73 m-2 (CKD-EPI) [11]

Body mass index (BMI) lower than 15 kg m-2 or exceeding 40 kg m-2

Chronic diuretic or desmopressin use

Acute or chronic liver failure

Pregnancy

Treatment with enteral or parenteral feeding 

Initiation of massive transfusion protocol during surgery (post-hoc)

Need for resuscitation with > 2.5 L of fluids during surgery (post-hoc exclusion)

Development of acute kidney injury (post-hoc exclusion from analysis of primary endpoint only)

Potential harm due to 
study solutions

History of heart failure NYHA III–IV

Brittle insulin-dependent diabetes mellitus

Neurological contra-indication to hypotonic fluids (cerebrovascular accident, traumatic brain injury or intracranial 
hemorrhage within two weeks before surgery)

The syndrome of inappropriate secretion of antidiuretic hormone (SIADH)

Electrolyte disorders during preoperative checkup: sodium level below 130 mmol L-1 or exceeding 150 mmol L-1 or  
a potassium level above 5 mmol L-1
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Table 2. Detailed study fluid composition

Isotonic Fluid: NaCl 0,9% in glucose 5% supplemented  
by 40 mmol L-1 KCl

Sodium 154 mmol L-1

Chloride 194 mmol L-1

Potassium 40 mmol L-1

Osmolarity 614 mOsm L-1

Tonicity 373 mmol L-1*

Strong ion difference [13] 0 mEq L-1

Hypotonic Fluid: Glucion 5%® supplemented by 40 mL water for 
blinding reasons

Sodium 54 mmol L-1

Chloride 55 mmol L-1

Potassium 26 mmol L-1

Phospate 6.2 mmol L-1

Magnesium 2.6 mmol L-1

Lactate 25 mmol L-1

Osmolarity 430 mOsm L-1

Tonicity 162 mmol L-1**

Strong ion difference ± 30 mEq L-1

*154+194+40 mmol/1.040 L
**52+55+26+6,2+2,6+25 mmol/1.040 L

excluded because of the need for a restrictive fluid strategy 
during and after this type of surgery. Other exclusion criteria 
are summarized in Table 1 and include conditions that could 
potentially complicate the interpretation of the results or 
pose a risk to the patient.

Study fluids
Patients are randomly allocated to receive one of the two 

different study fluids (Table 2). The first fluid is glucose 5% in 
NaCl 0.9% with an added 40 mmol of potassium chloride, so 
that the prescribed fluid volume would represent a guide-
line-recommended daily dose of potassium of around  
1 mmol per kg of body weight per day) [12]. Notably, the 
addition of potassium chloride essentially renders this solu-
tion hypertonic, although potassium has a negligible effect 
on tonicity after administration. The second fluid is a com-
mercially available premixed solution (Glucion 5%®, Baxter 
Healthcare, Deerfield Illinois, USA) containing amongst oth-
ers 54 mmol L-1 of sodium, 26 mmol L-1 of potassium and 
55 mmol L-1 of chloride. The study fluids are administered 
at a guideline-recommended rate of 27 mL per kg of body 
weight per day with a maximum of 100 mL kg-1day-1, accord-
ing to current guidelines (25–30 mL kg-1day-1).

Treatment allocation is concealed from the study in-
vestigators, treating physicians, nurses and patients, and 
is performed by an independent collaborator who is not 
involved in the care of the patient or the analysis of the 

results. Because subjects would need different amounts of 
fluid volume depending on their BMI, the preparation of per-
subject study fluids was deemed too complex. Alternatively, 
solutions are therefore batch-prepared in two random pairs 
(A to D) using opaque bags that are identical in appearance. 
Urgent unblinding of the study treatment remains possible 
in case of an emergency. For reasons of preservation it is 
impossible to add potassium chloride to the first study fluid 
at the time of blinding. Since potassium chloride needs to 
be added to only one of the study fluids, we concomitantly 
blinded single-use containers with water for injection, visu-
ally identical to the ones containing potassium chloride, 
to be added to the hypotonic study fluid by the treating 
physician or nursing staff. During the study, the individual 
fluid bags are marked with the subject’s data and collected 
for a double check immediately after completing the study 
treatment by an independent collaborator.

Informed consent, randomization process  
and intervention

The day before surgery, potential subjects are informed 
of the study by a member of the study team, are handed an 
information brochure and provide written informed con-
sent. Subjects are randomized (1:1), stratified based on their 
body weight (lower or higher than 74 kg, based on the me-
dian of a historical cohort), as body weight is an important 
determinant of the amount of study fluid to be received. The 
randomization schedule is electronically generated by per-
muted block randomization with a block size of 2. Figure 1  
shows the detailed study outline, including the sampling 
schedule of serum, fresh urine (to calculate fractional excre-
tion of sodium) and collected urine (to calculate measured 
GFR [mGFR] and sodium balance). All serum samples are also 
stored for possible additional assessments (e.g. neutrophil 
gelatinase-associated lipocalin [NGAL]).

Subjects routinely refrain from solid food intake from 
the night before surgery. They are invited to drink up to two 
hours before being called to the operating theater. Upon ar-
rival, patient controlled epidural analgesia (PCEA) is applied 
using a thoracic epidural catheter. Any fluids necessary to 
treat possible hypotension are precisely registered. After 
the induction of general aenesthesia, a fresh urine sample 
for sodium and creatinine is collected, serum is sampled for 
sodium, potassium, chloride, calcium, phosphate, magne-
sium, creatinine, albumin and aldosterone. At (T0) a bladder 
catheter is placed, the bladder is voided, and the study 
fluid is started after being supplemented with the blinded 
additive (potassium chloride or water for injection). All urine 
produced during surgery is collected. Resuscitation fluids, 
blood products and additional electrolytes are administered 
at the discretion of the treating anaesthesiologist and are re-
corded. The time of initiation of PCEA (Tpcea), intubation (Tint), 
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incision (Tinc), closure (Tclos) and extubation (Text) are also 
recorded. At the end of surgery, fresh urine is sampled for 
sodium and creatinine and serum for aldosterone, sodium 
and creatinine. If possible, the patient is weaned from the 
ventilator before leaving the operating theatre. If a short 
stay on in the post anaesthesia care unit (PACU) is neces-
sary, study treatment is continued there and required ad-
ditional resuscitation fluids are recorded. Subsequently, the 
patient is transferred to the intensive care unit. Upon arrival 
in the ICU, the additional fluids (routinely 1,000–1,500 mL 
of PlasmaLyte®, Baxter Healthcare, Deerfield Illinois, USA) 
used during surgery are reviewed by the anaesthesiologist 
and the intensivist. Every infusion treatment that is started 
during surgery needs to be administered fully to allow for 
precise recording of administered volume. The volume of 
urine that is produced since T0 is recorded and sampled for 
sodium and creatinine. At the same time, serum samples 
are taken (sodium, potassium, chloride, calcium, phosphate, 
magnesium, creatinine, albumin) as routinely performed at 
admission to the ICU.

In the ICU, the study treatment is administered at an 
unchanged rate until the end of the study (“End of Study” 
[Teos]). Teos is reached from the moment one of the following 
events occurs: 1) the patient is discharged from the ICU; 2) 
an adverse event occurs for which the treating physician 
decides the study fluid needs to be stopped (see below), 
or 3) 8 AM on the third postoperative day is reached while 
the patient is still admitted to the ICU. In the meantime, 
every day of ICU stay at 6 AM and 6 PM fresh urine (sodium, 
creatinine) and serum samples (sodium, potassium, chloride, 
calcium, phosphate, magnesium, creatinine, albumin and 
aldosterone) are obtained. At 8 AM the amount of urine 
produced since the last urine collection is recorded and 
sampled for sodium and creatinine. At Teos, the volume of 
the final urine collection is recorded and sampled for sodium 
and creatinine, and final samples of fresh urine (sodium, 
creatinine) and serum are obtained (sodium, potassium, 
chloride, calcium, phosphate, magnesium, creatinine, al-
bumin and aldosterone). During the ICU stay, the treating 
physician can prescribe resuscitation fluids, correct hypoka-
lemia or transfuse blood products, but the amount and the 
reason for administration have to be recorded. The patient 
is also allowed to drink; these fluids are carefully registered. 
Potential adverse events are monitored closely and can lead 
to the discontinuation of the study fluid.

Adverse reactions and adverse events
Both study fluids are used in maintenance fluid therapy, 

daily and globally, in and outside the perioperative setting. 
Therefore, the odds of experiencing adverse reactions at-
tributable to the study solutions are extremely small. Some 
preexisting conditions could however be aggravated by 

the tonicity, potassium and glucose content of the study 
fluids, especially at the rate at which they are administered. 
Therefore, we excluded certain conditions, such as heart, 
kidney and liver failure, electrolyte disorders, neurological 
conditions leading to brain edema and brittle diabetes. 
Rare, but known side effects such as urticaria or more seri-
ous anaphylactic reaction, local irritation, pain, phlebitis or 
thrombophlebitis are to be treated accordingly by the treat-
ing clinicians. Also, the decision to stop the study treatment 
lies with the treating physician, after which urine volume is 
recorded and the necessary closing samples at Teos are taken.

A  few (serious) adverse events can be related to the 
study treatment and trigger the end of a subject’s study 
period (Teos). Evolving hyponatremia below 130 mmol L-1, 
hyperkalemia > 5 mmol L-1 (after pseudo-hyperkalemia 
has been ruled out), important hyperglycemia (> 350 mg 
dL-1) are considered valid triggers of the end of the study 
period. Also, the clinical or radiographical occurrence of 
pulmonary edema or an otherwise unexplained increase in 
the need for oxygen, can be reasons for the treating clini-
cians to stop the study fluid. The use of diuretics renders 
the interpretation of primary and secondary endpoints 
impossible and immediately triggers Teos. Clinicians are 
therefore encouraged to use diuretic therapy only in the 
case of clinically relevant fluid overload and not for oligu-
ria. As oliguria is one of the points of interest of the study 
and could be — per hypothesis — be related to the study 
treatment, treating clinicians are encouraged to prescribe 
resuscitation fluids for oliguria only when urine production 
decreased below 0.5 mL per kg of body mass per hour for at 
least 6 consecutive hours. All other serious adverse events 
(cardiopulmonary resuscitation, major bleeding, respiratory 
failure without congestion, the need for urgent surgical 
revision) are considered unrelated to the study, although 
the discontinuation of the study treatment remains at the 
discretion of the treating physician.

Sample size and analysis
The power analysis is based on the results of the MIH-

MoSA experiment [9]. We determined that a sample size of 
68 patients would provide a power of 80% to detect a dif-
ference in fluid balance of 595 cc after 48 h at an alpha set at 
0.05 with an assumption of a 10% dropout rate. Due to the 
potential disproportional impact on fluid balance of massive 
transfusion (defined as the initiation of the hospital’s mas-
sive transfusion protocol), unexpected cardiopulmonary 
bypass during surgery or the development of acute kidney 
injury before Teos, subjects that experience one of these 
events are considered dropouts and are excluded from the 
per-protocol analysis. Analyses will also be conducted on 
an intention-to-treat basis. Continuous outcomes will be 
compared with the use of mean differences and unpaired 
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t-tests and binary outcomes using relative risks using with 
95% confidence intervals and chi-square tests.

We collect the following data on patient characteristics: 
age, gender, body weight, and length, body mass index, 
SAPS-3 score at ICU admission and the estimated glomerular 
filtration rate [11]. Regarding the surgical procedure, we 
collect data on the type of surgery, the surgical technique 
(thoracostomy, video-assisted or robot-assisted thoracos-
copy), blood loss during surgery, the amount of vasopres-
sors used during surgery and the duration of the surgery 
and mechanical ventilation (as positive pressure ventilation 
could induce fluid retention). 

The primary endpoint of the study is net fluid balance, 
calculated as the sum of all intravenous and oral intake 
minus urine production, and expressed in mL per kg of 
body weight, adjusted for the duration of the study period. 
As secondary endpoints we distinguish safety endpoints 
and efficacy endpoints. The following secondary safety 
endpoints were selected: the occurrence of hyponatre-
mia (defined as a  serum sodium measurement [exclud-
ing point-of-care measurements in view of the low limits 
of agreement] below the minimum of the normal range 
[135 mmol L-1] with a decrease of at least 3 mmol L-1 from 
the baseline measurement, to account for already hypo-
natremic patients and laboratory measurement error); 
hypernatremia (comparably defined as a  serum sodium 
measurement above the maximum of the normal range 
[145 mmol L-1] with an increase of at least 3 mmol L-1 from 
the baseline measurement); hypokalemia (< 3.5 mmol L-1 

and a decrease of at least 0.2 mmol L-1 or the administration 
of additional potassium during the study); hyperkalemia in 
the absence of hemolysis (> 5.1 mmol L-1 and an increase 
of at least 0.2 mmol L-1); hyperchloremia (> 109 mmol L-1 
and an increase of at least 2 mmol L-1); hypochloremia 
(< 101 mmol L-1 and a  decrease of at least 2 mmol L-1); 
hypophosphatemia (< 0.81 mmol L-1 and a  decrease of 
at least 0.2 mmol L-1 or the administration of additional 
phosphate); hyperphosphatemia (> 1.45 mmol L-1 and an 
increase of at least 0.2 mmol L-1); hypocalcemia (< 2.15 
mmol L-1 and a  decrease of at least 0.2 mmol L-1 or the 
administration of additional calcium) and hypercalcemia 
(> 2.55 mmol L-1 and an increase of at least 0.2 mmol L-1). 
We further consider the mean difference from the baseline 
value of the abovementioned electrolytes. On a  clinical 
level, we consider the highest paO2/FiO2 ratio during the 
study period, the occurrence of new onset atrial fibrillation, 
the occurrence of pulmonary edema for which the study 
fluid had to be stopped and the mGFR on urine collections 
with a duration of at least 12 hours. We selected the follow-
ing efficacy endpoints: 1) the effect of the study fluid on 
amount of additional resuscitation fluids; 2) the effect of 
the study fluid on volume status by assessing adaptational 

mechanisms: change from baseline aldosterone level, uri-
nary sodium and fractional excretion of sodium; 3) the 
effect of study fluid on sodium balance (calculated as the 
cumulative amount of sodium by the use of all intravenous 
fluids (study fluids and non-study fluids) minus cumulative 
amount of urinary sodium excretion.

Conclusion
In summary, the TOPMAST-trial is an ongoing prospec-

tive single-center double-blind randomized trial comparing 
an isotonic and a hypotonic maintenance fluid strategy. It is 
the first trial to look into this important part of fluid therapy. 
The first patient was enrolled on March 6th, 2017, and enroll-
ment is scheduled for completion by the end of 2017. Upon 
completion, the TOPMAST-trial will provide comprehensive 
data on the comparative clinical effects of an isotonic versus 
a hypotonic maintenance fluid strategy in the perioperative 
setting. Given the extremely broad use of maintenance 
fluids and the ongoing debate on the potentials hazards 
of both hypotonic solutions (hyponatremia) and isotonic 
solutions (fluid overload), the results are important to the 
many clinicians treating patients undergoing major surgery.
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