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Correspondence 

Response to comments 

We appreciate the interest in our randomized controlled trial eval
uating the effect of using peri-operative goal-directed therapy in high- 
risk abdominal surgery and the opportunity to respond to the letters 
to the editor from Hasanin et al. and Luo [1–3]. 

Dr. Hasanin and colleagues raised questions about methodology and 
specific treatments in both the Perioperative Goal-Directed Therapy 
group and the control group. Regarding their first question, we would 
have agreed with the statement of Hasanin et al. on adjustment for 
confounding variables in case our study had been an observational 
comparison between perioperative goal-directed fluid therapy and a 
control group. However, treatment allocation was randomized and 
hence, confounding has been accounted for by design. This holds both 
for potential confounders that have been measured in our study, and 
unknown or otherwise unmeasured confounders. This is one of the key 
points of the randomized design [4]. Any differences between groups 
that occur after randomization, such as those that may have occurred 
during surgery, may not have been independent of treatment allocation. 
In that case, surgical characteristics that differ between groups are not 
confounding variables, but mediators. In no case should a mediating 
variable be adjusted for in the analysis, as this would cause biased es
timates of between-group differences [5]. We are confident that char
acteristics during surgery that differed to any clinically meaningful 
extent were not due to chance events, as our randomization procedure 
was stratified, not only for center, but also for type of surgery. With 
blocks of sizes 2 and 4, chance-differences between groups are very 
unlikely to occur. For that reason, we only judged clinical meaningful 
differences between groups at baseline (i.e., before treatment starts) to 
inform whether multivariable adjustment would be warranted, not 
those occurring later during the study. 

A higher incidence of pulmonary oedema in the control group is 
somewhat surprising indeed, as lower volumes of infused fluids and 
blood products were administered intraoperatively in this group. How
ever, there were no significant differences in other patient outcomes 
between both groups, such as PACU/ICU and hospital length of stay, and 
30 days mortality. 

We did not perform repeated measures analyses on creatinine data, 
or any other outcome for that matter. In our pre-specified statistical 
analysis plan, we chose to include only cross-sectional comparisons of 
between-group differences. Although longitudinal analyses would 
involve many more observations because each participant contributes 
more than one value and hence, statistical power could increase, the 
strong expected correlation between repeated measures of the same 
quantity within patients diminishes that potential benefit. No analysis 
with increased statistical power would have any effect on the interpre
tation of the clinical meaningfulness of the differences that we have 
observed. 

Regarding their fourth question, we did not define background 

infusions in both groups. This was free at the discretion of the attending 
anesthesiologist. 

Another question raised by Hasanin was the eventual initiation of an 
intervention if the mean arterial pressure decreased. We agree that 
maintenance of mean arterial pressures >60–65 mmHg is essential in 
patients. Mean arterial pressures were not significant between groups (p 
= 0.49) (Fig. 1). Moreover, average mean arterial pressures were above 
70 mmHg, with lower levels (average - standard deviation) most often 
above 65 mmHg, with, as published previously, low Odds ratios for 
adverse outcomes [6]. In addition, we reported in the manuscript that a 
total of 939 interventions based on the protocol in the PGDT group were 
analyzed. Besides these per protocol interventions, other interventions 
were possible at the discretion of the attending anesthesiologist when 
blood pressures were lower, or urine production was lower with 
adequate cardiac index above the threshold cardiac index. These non- 
algorithm-based interventions were not recorded in the case record 
form and therefore not evaluated. 

Hemodynamic management in the control group was at the discre
tion of the attending anesthesiologists as the control group should 
represent every day’s practice instead of another obliged type of he
modynamic management. As mentioned in the manuscript, dobutamine 
was more often used intraoperatively and postoperatively in the PGDT 
group, whereas phenylephrine was more often used in the control group 
during the operation. A possible explanation for this finding might be 
the awareness of lower cardiac output with adequate filling necessi
tating inotropes to improve cardiac output in the PGDT group. On the 
contrary, not measuring cardiac output with lower blood pressure may 
trigger anesthesiologists to use phenylephrine to counteract anesthetics 
induced vasodilation to obtain adequate blood pressures (neglecting 
flow). Moreover, phenylephrine was intraoperatively used in 102 pa
tients and postoperatively in 6 patients in the control group. The sug
gestion by Hasanin that this study appeared to be a comparison between 
a vasopressor – versus inotropic guided approach is not supported as 
such. 

Finally, a probable superiority of fluid management in the control 
group compared to the PGDT group as suggested by Hasanin et al., 
cannot be explained from the obtained 30 days outcomes. 

Dr. Luo has concerns about the statistical analysis used. We used the 
intention-to-treat principle for the analyses of our RCT on perioperative 
goal-directed fluid therapy exemplified in our manuscript. We recognize 
some ambiguity in our manuscript text (“In the intention to-treat-analysis, 
excluding those patients who did not receive allocated treatment…”), but as 
the n for those analyses suggests, we did not exclude participants just 
because they did not receive the intended treatment protocol. Some 
patients were not included in the analysis, as can be seen from the 
CONSORT flow diagram. Only those who had been lost to follow-up 
have been excluded, as no outcome data of these patients were 
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available for further analyses. Therefore, we did not produce a synthetic 
part of the data using data-imputation methods, to allow inclusion of 
those lost to follow-up in the analysis. 

It is highly unlikely that between-group differences at baseline were 
due to the small proportion of patients that were lost to follow-up, as the 
reasons for that were unrelated to treatment allocation. Therefore, both 
groups should still be comparable at baseline due to random allocation 
of treatments. We observed some small differences in baseline descrip
tive statistics between groups, but not to a clinically meaningful extent. 
We would like to kindly point out that assessing ‘significance’ of baseline 
differences would be meaningless, as all differences between groups at 
baseline would by definition be due to chance alone, and therefore by 
type-I errors, as the intervention has not been performed yet [7]. For 
that reason, we did not test for between-group differences at baseline. 

Funding 

The initial work was supported by an unrestricted grant of the Janivo 
Stichting Zeist, Netherlands. 

Declaration of Competing Interest 

WB has received honoraria for lectures and was consultant for both 
Pulsion Medical Systems/Maquet and Edwards Lifesciences. TS received 
research grants and honoraria from Edwards Lifesciences and Masimo 
Inc. for consulting and lecturing, and from Pulsion Medical Systems/ 
Maquet for lecturing (all payments made to institution). The other au
thors declare that they don’t have competing financial interests nor 
personal relationships that could have appeared to influence the work 
reported in this manuscript. 

References 

[1] De Waal EEC, Frank M, Scheeren TWL, et al. Perioperative goal-directed therapy in 
high-risk abdominal surgery. A Multicenter randomized controlled superiority trial. 
J Clin Anesth 2021;75:110506. 

[2] Hasanin AM, Mostafa MM, Abdulatif M. Comment on: “perioperative goal-directed 
therapy in high-risk abdominal surgery. A multicenter randomized controlled su
periority trial.”. J Clin Anesth 2021;75:110557. 

[3] Lou M-S. Perioperative goal-directed therapy in high-risk abdominal surgery. J Clin 
Anesth 2022;78:110637. 

[4] Pocock SJ. Clinical trials: A practical approach. Chichester West Sussex: John Wiley 
& Sons; 2013. 

[5] Bouter LM, Zielhuis GA, Zeegers MP. Textbook of epidemiology. Houten: Bohn, 
Stafleu van Loghum; 2018. 

[6] Wesselink EM, Kappen TH, Torn HM, Slooter AJC, van Klei WA. Intraoperative 
hypotension and the risk of postoperative adverse outcomes: a systemic review. Br J 
Anaesth 2018;121:706–21. 

[7] De Boer MR, Waterlander WE, Kuijper LDJ, Steenhuis IHM, Twisk JWR. Testing for 
baseline differences in randomized controlled trials: an unhealthy research behavior 
that is hard to eradicate. Int J Behav Nutr Phys Act 2015;12:4. 

Eric E.C. de Waal, MD PhDa,*, Michael Frank, MDb, Thomas W. 
L. Scheeren, MD PhDc, Thomas Kaufmann, MD PhDc, Dianne de Korte- 

de Boer, MScd, Boris Cox, MDd, Sander M.J. van Kuijk, PhDe, Leon 
M. Montenij, MD PhDf, Wolfgang Buhre, MD PhDg 

a Department of Anesthesiology, University Medical Center Utrecht, Utrecht, 
the Netherlands 

b Department of Anesthesiology and Intensive Care, Albert Schweitzer 
Hospital, Dordrecht, the Netherlands 

c Department of Anesthesiology, University Medical Center Groningen, 
Groningen, the Netherlands 

d Department of Anesthesiology, Maastricht University Medical Center, 
Maastricht, the Netherlands 

e Department of Clinical Epidemiology and Medical Technology Assessment, 
Maastricht University Medical Center, Maastricht, the Netherlands 

f Department of Anesthesiology and Intensive Care, Catharina Ziekenhuis, 
Eindhoven, the Netherlands 

g Department of Anesthesiology, Maastricht University Medical Centre, 
Maastricht, the Netherlands 

Fig. 1. Mean arterial pressure (MAP), Heart rate and Central Venous Pressure 
for both groups (control versus PGDT) as well as stroke volume variation (SVV) 
from PGDT group over a 24-h monitoring period starting after induction of 
anesthesia. Data are mean ± SD. (Blue line and background: PGDT; red line and 
background Controls; purple background overlap of both backgrounds). PGDT 
= perioperative goal-directed therapy. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.) 
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