
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Shifting emphasis in pancreatic surgery: Pre-, intra-, and postoperative
determinants of outcome

Eshuis, W.J.

Publication date
2014

Link to publication

Citation for published version (APA):
Eshuis, W. J. (2014). Shifting emphasis in pancreatic surgery: Pre-, intra-, and postoperative
determinants of outcome. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:26 May 2023

https://dare.uva.nl/personal/pure/en/publications/shifting-emphasis-in-pancreatic-surgery-pre-intra-and-postoperative-determinants-of-outcome(59052c59-4e32-4240-be52-79502094f01a).html


CHAPTER 7

GASTRIC EMPTYING SCINTIGRAPHY AND QUALITY 

OF LIFE AFTER PANCREATODUODENECTOMY WITH 

RETROCOLIC OR ANTECOLIC GASTROENTERIC 

ANASTOMOSIS

Wietse J. Eshuis
Karel de Bree

Mirjam A.G. Sprangers
Roel J. Bennink

Olivier R.C. Busch
Thomas M. van Gulik

Dirk J. Gouma

 

Submitted



Chapter 7

114

ABSTRACT 

Background: Delayed gastric emptying (DGE) is still a major problem after 
pancreatoduodenectomy. A retrocolic and antecolic gastroenteric reconstruction 
after resection were recently reported to be equivalent with regard to DGE and other 
clinical outcomes. The aims are to compare gastric emptying rate at scintigraphy and 
quality of life in patients who underwent pancreatoduodenectomy with retrocolic 
versus antecolic gastroenteric reconstruction, and to examine the impact of DGE on 
quality of life. 

Methods: Results were obtained in patients who participated in a randomized 
controlled trial comparing retrocolic and antecolic gastroenteric reconstruction 
in pancreatoduodenectomy at the initiating trial center. Gastric emptying rate was 
assessed by scintigraphy preoperatively and one week postoperatively. Quality of life 
was measured preoperatively and three times postoperatively using the EuroQoL 5D 
questionnaire (EQ-5D), the European Organization for Research and Treatment of 
Cancer (EORTC) Core Quality of Life Questionnaire (QLQ-C30) with its pancreatic 
cancer module (PAN26), and the Gastrointestinal Quality of Life Index (GIQLI).

Results: 38 patients were allocated to the retrocolic group, and 35 to the antecolic 
group. Baseline characteristics, DGE and other clinical outcomes did not differ 
between the study groups. Median half emptying time was 145 minutes in the 
retrocolic group, versus 64 minutes in the antecolic group (not significant [NS]). 
Median percentage of residual activity after 2 hours in these groups was 64% and 
28%, respectively (NS). 12 patients (52%) in the retrocolic group, versus 7 (35%) 
in the antecolic group had delayed emptying according to scintigraphy criteria (NS). 
Quality of life did not differ at any time point between the retrocolic and antecolic 
groups. In both groups, there was a decline two weeks postoperatively, that was 
restored to preoperative levels after twelve weeks. Two weeks postoperatively, 
patients with DGE had significantly worse outcomes than patients without DGE on 
two EQ-5D domains, ten QLQ-C30/PAN26 subscales, and two GIQLI subscales and 
total score. Effect sizes were moderate to large.

Conclusions: In pancreatoduodenectomy, the route of the gastroenteric anastomosis 
does not influence the incidence of delayed gastric emptying at scintigraphy nor the 
quality of life. The negative impact of DGE on early postoperative quality of life is 
clinically significant.
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INTRODUCTION

Delayed gastric emptying (DGE) is one of the most prevalent complications after 
pancreatoduodenectomy.1-3 Except for an evident association with intra-abdominal 
complications, its etiology remains mostly unknown. Numerous studies have been 
carried out to elucidate the etiology, focusing on various surgical and perioperative 
issues such as pylorus preservation, use of prokinetics, and different methods of 
reconstruction.4-7 Some studies suggested an association with the route of gastroenteric 
reconstruction: an antecolic anastomosis would reduce the incidence as compared 
with a retrocolic anastomosis.8,9 In a recent multicenter randomized controlled trial 
we showed that the route of gastroenteric reconstruction does not influence the 
incidence of DGE or other complications.10 In this trial, DGE was scored according 
to the criteria of the International Study Group of Pancreatic Surgery (ISGPS), 
based on duration of nasogastric drainage and solid food tolerance.11 However, some 
authors argue that for the diagnosis of DGE, an objective test such as a radiographic 
contrast study is needed.12,13 Recently we showed that gastric emptying scintigraphy 
can validly assess gastric emptying rate in post-pancreatoduodenectomy patients.14

Apart from the burden on length of hospital stay and associated costs, DGE is 
claimed to have a profound impact on the patients’ quality of life. Since pancreatic or 
periampullary adenocarcinoma, the main indication for pancreatoduodenectomy, has 
a poor prognosis, patient-reported outcomes in the early postoperative period are of 
great importance. To our knowledge, the impact of DGE on quality of life has never 
been investigated.

There are several disease-specific instruments that have been designed to assess 
quality of life in pancreatic cancer patients. The most commonly used instrument 
is the European Organization for Research and Treatment of Cancer (EORTC) 
Core Quality of Life Questionnaire (QLQ-C30) with its pancreatic cancer module 
(PAN26).15,16 Another disease-specific instrument that has been validated for patients 
with periampullary malignancies, is the Gastrointestinal Quality of Life Index (GIQLI) 
questionnaire.17,18 Previous studies on quality of life after pancreatoduodenectomy 
showed a decrease in quality of life in the early postoperative period, with a return to 
preoperative levels after approximately three months.19,20

The aims of the current study are to compare gastric emptying rate at scintigraphy 
and quality of life in patients undergoing pancreatoduodenectomy with retrocolic 
versus antecolic gastroenteric reconstruction, and to examine the impact of DGE on 
quality of life.
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METHODS

PATIENTS AND STUDY OUTLINE
Data were obtained from patients who participated in a multi-center randomized 

controlled trial comparing pancreatoduodenectomy with retrocolic versus antecolic 
gastroenteric anastomosis (Netherlands Trial Register NTR1697).10 For the present 
study, patients were recruited at the initiating trial center, a high-volume, tertiary 
referral center for pancreatic surgery. The local Medical Ethics Committee approved 
the study protocol. The trial protocol and results have been published in detail before; 
here the main aspects of the study design will be summarized.10

Eligible patients were scheduled for pancreatoduodenectomy, eighteen years or 
older and provided written informed consent. Intraoperatively, patients were randomly 
assigned to a retrocolic or antecolic gastroenteric reconstruction. Randomization was 
carried out by computer and was stratified according to participating center.

The standard operation was a pylorus-preserving pancreatoduodenectomy (PPPD) 
as described earlier.21 On indication, a classic Whipple’s resection was performed. 
Patients undergoing other resectional procedures or palliative operations were not 
included. A nasogastric tube was left in situ and removed within three days or when 
output had fallen to below 300 mL per day. No prophylactic anti-emetic or prokinetic 
drugs were administered. Main outcome parameter was delayed gastric emptying 
according to the ISGPS-criteria.11

For the present study, all participating patients were requested to undergo gastric 
emptying scintigraphy before the operation and one week postoperatively and to 
complete quality of life questionnaires before operation, and two, four, and twelve 
weeks postoperatively. After discharge from hospital, questionnaires were sent to the 
patients’ home address accompanied by a self-addressed return envelope.

The same clinical outcomes were analyzed as in the original trial.10 Morbidity is 
represented here by use of the Dindo-Clavien classification of surgical complications.22

GASTRIC EMPTYING SCINTIGRAPHY
Solid-phase gastric emptying rate was assessed by scintigraphy on the day before 

operation and on postoperative day 7, after fasting at least four hours. The test meal was 
a small pancake of 75 grams, labelled with 10 MBq technetium-99m (99mTc) colloid, 
containing 576 kJ (137 kcal), composed of 70% carbohydrates, 14% protein and 16% 
fat. After ingestion of this pancake with a glass of water, imaging was performed 
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using a dual head gamma camera (GE Infinia, GE Healthcare). Immediately after 
ingestion of the test meal, and from then on every fifteen minutes until two hours 
postprandially, one-minute anterior and posterior images were obtained. Images were 
analyzed using a Hermes processing station (Hermes Medical Solutions). Recently, 
we showed that this method of scintigraphy is feasible after pancreatoduodenectomy; 
in this study, results were strongly correlated to clinical DGE outcomes.14

After gastric emptying scintigraphy, the lag time (time before gastric emptying 
starts), the time in minutes needed to empty half of the stomach content (t½), and the 
percentage of radioactivity in the stomach two hours after ingestion of the test meal 
(%RA120) were calculated and compared between the retrocolic and antecolic study 
groups.

HEALTH-RELATED QUALITY OF LIFE
Generic quality of life was measured with the EuroQoL 5D (EQ-5D), a well-

validated questionnaire covering five dimensions: mobility, selfcare, activity, pain 
and anxiety.23 For each dimension, patients report whether they experience no, some, 
or extreme problems. Furthermore the respondent’s self-rated health state is recorded 
on a vertical visual analogue scale (VAS), of which the endpoints are labelled as 
worst (0) and best (100) imaginable health state.

Cancer-specific quality of life was measured with the EORTC QLQ-C30, which 
consists of 30 items that are combined to form five functional scales (physical, 
emotional, cognitive, social and role functioning), three symptom scales (fatigue, pain, 
nausea/vomiting) and six individual symptom items (dyspnoea, insomnia, appetite 
loss, constipation, diarrhoea, and financial difficulties), and one scale expressing 
global health status.15 We also administered the disease-specific, 26-item PAN26 that 
includes five symptom scales (pancreatic pain, digestive symptoms, altered bowel 
habit, hepatic symptoms, and body image), one functioning scale (sexual functioning) 
and a scale assessing satisfaction with health care.16 All QLQ-C30 and PAN26 scales 
and individual items are expressed on a scale from 0 to 100, with higher scores 
indicating better functioning (functioning scales), better satisfaction and higher 
global health status, or more symptoms (symptom scales and items). Transformation 
from the raw scores to 0-100 scales and the handling of missing data were performed 
according to the EORTC scoring manual.24

The GIQLI is a quality of life measure specifically designed for patients with 
gastrointestinal disorders.17 It consists of 36 items which are scored from 0 to 4, adding 
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up to a total score ranging from 0 (worst quality of life) to 144 (best quality of life). In 
a previous study we validated the GIQLI for patients with periampullary carcinoma, 
and four subscales were compiled, measuring physical well-being (possible score 
ranging from 0 to 40), digestive symptoms (0 – 40), defecation (0 – 24) and mental 
well-being (0 – 20).18 

 
STATISTICAL ANALYSIS

The sample size of the original study was based on an expected reduction in the 
incidence of clinically relevant DGE of 18%. The present study is exploratory in 
intent as it was not powered to detect differences between the study groups in gastric 
emptying rate at scintigraphy or health-related quality of life outcomes. 

Health-related quality of life outcomes were compared between the retrocolic and 
antecolic study groups, and between patients with and without DGE. We tested the 
following potential influencing factors for their association with non-response: age, 
sex (pre- and postoperatively), treatment allocation, morbidity, length of hospital stay 
(only postoperatively) and adjuvant therapy (at twelve weeks postoperatively), with 
a threshold P-value of 0.10. All quality of life outcomes were corrected for multiple 
testing according to Benjamini and Hochberg, a method of weighted adjustment, with 
the most strict corrections for the smallest P-values.25

Continuous data from the gastric emptying scintigraphy were reported as median 
with interquartile range and compared with the Mann-Whitney U-test. Continuous 
quality of life data are reported as mean with standard deviation (SD) and compared 
with the independent samples t-test. To compare the relative magnitude of the effects, 
Cohen’s d effect sizes were calculated, with 0.3 indicating a small, 0.5 a moderate, 
and 0.8 a large effect size.26 Values higher than 0.50 can be considered clinically 
significant.27,28 Categorical data are presented as numbers with percentages, and 
compared with the χ2 test.

Statistically significant effects are indicated by two-sided P-values < 0.05. 
Analyses were performed in SPSS version 18.0 (SPSS Inc, Chicago, IL, USA).
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RESULTS
 

BASELINE CHARACTERISTICS AND CLINICAL OUTCOMES
At the trial center, 73 patients were included, of whom 38 were assigned to a 

retrocolic gastroenteric anastomosis (retrocolic group), and 35 to an antecolic 
anastomosis (antecolic group). One patient in the antecolic group received a retrocolic 
anastomosis due to technical reasons; according to the intention-to-treat principle, 
this patient was analyzed in the antecolic group. Six patients in the retrocolic group 
and 2 patients in the antecolic group did not consent to gastric emptying scintigraphy, 
resulting in 32 (retrocolic) and 33 (antecolic) patients available for gastric emptying 
rate assessment.

Table 1. Demographic and clinical characteristics 

Characteristic Retrocolic
(n = 38)

 
 

Antecolic
(n = 35)

Patient variables
  Age (years), mean ± SD 62.6 ± 11.0 66.0 ± 7.9
  Males ― No. (%) 17 (45) 24 (69)
  ASA classification ― No. (%)
    I 10 (26) 4 (11)
    II 23 (61) 24 (69)
    III 5 (13) 7 (20)
  Body-mass index, mean ± SD* 25.3 ± 4.2 24.9 ± 3.8
  Duration of symptoms (weeks), median (IQR) 12 (11) 11 (7)
  Weight loss (kg), median (IQR)†    8 (6) 8 (9.3)
  Karnofsky performance score ― No. (%)
    ≥80 36 (95) 31 (89)
    <80 2 (5) 4 (11)
  Underwent PBD ― No. (%) 25 (68) 24 (69)
Pathological variables‡
  Diagnosis at pathology ― No. (%)
    Adenocarcinoma  33 (87) 28 (80)
    Other (pre-)malignant lesions 4 (11) 4 (11)
    Chronic pancreatitis or other benign lesions 1  (3)  3  (9)

*Body-mass index is the weight in kilograms divided by the square of the height in meters.
†Compared to reported weight one year earlier.
‡Numbers and percentages shown obtained at pathological investigation (after resection).
SD, standard deviation; ASA, American Society of Anesthesiologists; IQR, interquartile range; PBD, 
preoperative biliary drainage
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Baseline and treatment characteristics were not statistically significantly different 
between the two treatment groups (Table 1), except for a slightly higher mean age 
and more males in the antecolic group. 

Table 2 displays treatment characteristics and clinical outcomes. There were no 
differences between the retrocolic and antecolic groups in treatment characteristics 
such as pylorus preservation, prophylactic tube feeding and octreotide. Just as in the 
original multi-center trial, the incidence of overall and primary clinically relevant 
DGE (grade B or C according to the ISGPS) did not differ between the retrocolic and 
antecolic groups. Nutritional support was indicated in an equal proportion of patients. 
Distribution of morbidity arranged in Dindo-Clavien grades 0/I, II, and ≥ III was 
comparable between the study groups. 

Table 2. Treatment characteristics, DGE and other clinical outcomes

Characteristic Retrocolic
(n = 38)

 
 

Antecolic
(n = 35)

P-value

Treatment characteristics

  Pylorus preserved ― No. (%) 34 (90) 29 (83) 0.41

  Feeding tube jejunostomy ― No. (%) - 3 (9) 0.07

  Octreotide prophylaxis ― No. (%) 20 (53) 17 (49) 0.73

DGE and other clinical outcomes

  Clinically relevant DGE ― No. (%)* 13 (34) 14 (40) 0.61

  Primary clinically relevant DGE ― No. (%)† 7 (18) 3 (9) 0.22

  (Par)enteral nutritional support ― No. (%)

    None 23 (61) 21 (60) 0.64

    Tube feeding 8 (21) 5 (14)

    Parenteral nutrition 3 (8) 2 (6)

    Tube feeding and parenteral nutrition 4 (11) 7 (20)

  Dindo-Clavien grading system ― No. (%)

    No complication or grade I 16 (42) 12 (34) 0.12

    Grade II 15 (40) 9 (26)

    Grade III or higher 7 (18) 14 (40)

Hospital mortality ― No. (%) - 1 (3) 0.29

Length of hospital stay (days), median (IQR) 11 (9) 13 (16) 0.28

*Grade B or C according to the consensus definition by the International Study Group of Pancreatic Surgery.
†Primary DGE: DGE occurring in the absence of other intra-abdominal complications.
DGE, delayed gastric emptying; IQR, interquartile range
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One patient died in-hospital in the antecolic group. Median length of hospital 
stay was 11 days in the retrocolic group, versus 13 days in the antecolic group (not 
statistically significant).

GASTRIC EMPTYING SCINTIGRAPHY
As displayed in Table 3, approximately one third of patients did not undergo the 

preoperative scan due to logistical reasons. This was mainly due to difficulties with 
planning; since occupation of the scintigraphy equipment could interfere with regular 
patient care, scintigraphy had to be planned well in advance, which was sometimes 
not feasible when operation schedules were not known yet. On postoperative day 
7 planning was easier; the main reason for missing postoperative gastric emptying 
scintigraphy was a complicated postoperative course (in 3 patients in the retrocolic 
group, and 9 in the antecolic group).

Table 3. Gastric emptying scintigraphy results

Retrocolic
(n = 32)

Antecolic
(n = 33)

P-value

Underwent preoperative scan – No. (%) 20 (63) 22 (67) 0.73

  Reason for missing preoperative scan

    Logistic reasons 12 (38) 10 (30) 0.53

    Severe GOO - 1 (3)

Underwent postoperative scan – No. (%) 23 (72) 20 (61) 0.34

  Reason for missing postoperative scan  

    Due to postoperative course 3 (9) 9 (27) 0.23

    Logistic reasons 5 (16) 4 (12)

    Discharge before scan was scheduled 1 (3) -

Underwent pre- and postop. scan – No. (%) 14 (44) 16 (49) 0.70

Postoperative gastric emptying scan results*

  Lag time (minutes), median (IQR) 66 (159) 22 (99) 0.14

  t½ (minutes), median (IQR) 145 (300) 64 (287) 0.19

  RA%120, median (IQR) 64 (75) 28 (83) 0.21

  RA%120 higher than 60% – No. (%) 12 (52) 7 (35) 0.26

*In all patients who underwent postoperative gastric emptying scintigraphy.
GOO, gastric outlet obstruction; IQR, interquartile range; t½, half-emptying time; RA%120, residual 
percentage of radioactivity in the stomach after two hours



Chapter 7

122

In the retrocolic group, 23 patients (72%) underwent postoperative gastric emptying 
scintigraphy, of whom 14 also had undergone the preoperative scan, thus completing 
both scans. In the antecolic group, 20 patients (61%) underwent the postoperative 
scan, of whom 16 (49%) had undergone preoperative scanning and thus completed 
both scans. Since all preoperative scan results were within normal range and did 
not differ between the two study groups, we do not elaborate on these baseline 
measurements, and we included all patients who underwent postoperative scanning 
in the analysis.

Postoperatively, median lag time was faster in the antecolic group (22 versus 66 
minutes), as was half-emptying time (64 versus 145 minutes). Median percentage of 
residual activity was also lower in the antecolic group (28% versus 64%). None of 
these findings reached statistical significance.

In the antecolic group, 7 patients (35%) had > 60% residual activity after two 
hours, which is considered to be a threshold for delayed gastric emptying rate, as 
compared to 12 (52%) in the retrocolic group (not statistically significant).29

Table 4. Association between clinically relevant DGE and delayed emptying at scintigraphy in all 
patients who underwent postoperative gastric emptying scintigraphy

No delayed emptying at 
GES (n = 24)

 
 

Delayed emptying at 
GES* (n = 19) 

No clinically relevant DGE (n = 31)† 21 (88%) 10 (53%)
Clinically relevant DGE (n = 12) 3 (13%) 9 (47%)

*Defined as %RA120 > 60.
†Defined as DGE grade B or C according to the International Study Group of Pancreatic Surgery criteria.
GES, gastric emptying scintigraphy; DGE, delayed gastric emptying; %RA120, residual percentage of 
radioactivity in the stomach after two hours

Table 4 displays the association between scintigraphy results and clinical grade 
of DGE, in all patients (from both study groups). Of the 19 patients with delayed 
emptying at scintigraphy (defined as %RA120 ≥ 60), 9 had clinically relevant DGE. 
Conversely, of the 24 patients who did not have delayed emptying at scintigraphy, only 
3 (13%) developed clinically relevant DGE, all due to intra-abdominal complications 
which developed later on.
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HEALTH-RELATED QUALITY OF LIFE
Overall response rate for the health-related quality of life questionnaires was 

88%. None of the aforementioned potential covariates (age, sex, treatment allocation, 
DGE, morbidity, length of hospital stay, and adjuvant therapy) were associated with 
non-response; thus, non-response was considered at random.

There were no statistically significant differences between the retrocolic and 
antecolic groups at any of the given time points, in any of the quality of life outcomes 
(data not shown). In the entire group (retrocolic and antecolic) there was a significant 
decline in quality of life two and four weeks after operation, as compared to baseline. 
This decline was seen on all quality of life outcomes. Twelve weeks postoperatively, 
quality of life returned to preoperative levels. Figure 1 illustrates this course in time 
for the two groups on the GIQLI total score, the EQ-5D VAS (health state), the 
QLQ-C30 global health status and the PAN26 digestive symptoms scale.

When comparing patients with and without DGE, a significant difference was 
found two weeks postoperatively on two domains of the EQ-5D (mobility and 
selfcare), ten domains of the QLQ-C30/PAN26 (global health status, physical 
functioning, role functioning, cognitive functioning, fatigue, nausea and vomiting, 
dyspnoea, digestive symptoms, hepatic symptoms, and satisfaction with health care), 
and two domains of the GIQLI (physical and mental well-being) and the GIQLI total 
score (Table 5). These outcomes were all better in patients without DGE, except for 
satisfaction with health care, which was higher in patients with DGE. Associated 
effect sizes, indicated by Cohen’s d, were moderate or large (range from 0.59 to 1.11). 
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Figure 1a. GIQLI total score – Retrocolic versus Antecolic 

Figure 1b. EQ-5D self-reported health state – Retrocolic versus Antecolic
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Figure 1c. QLQ-C30 global health status – Retrocolic versus Antecolic

Figure 1d. QLQ-C30 digestive symptoms – Retrocolic versus Antecolic

Figure legend: 1a, 1b, 1c: higher score means better quality of life. 1d: higher score means worse 
quality of life.



Chapter 7

126

Figure 2a. GIQLI total score – DGE versus No DGE

Figure 2b. EQ-5D self-reported health state – DGE versus No DGE
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Figure 2c. QLQ-C30 global health status – DGE versus No DGE

Figure 2d. QLQ-C30 digestive symptoms – DGE versus No DGE

Figure legend: 1a, 1b, 1c: higher score means better quality of life. 1d: higher score means worse 
quality of life.
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Table 5. Quality of life two weeks postoperatively in patients with and without clinically relevant 
DGE

No clinically
relevant 
DGE (n = 46)

Clinically
relevant DGE
(n = 27)

P-value Adjusted
P-value*

Effect 
size†

EQ-5D – No. (%)
  Mobility – reporting problems   14 (40) 17 (77) 0.01 0.02 NA
  Selfcare – reporting problems 7 (19) 15 (68) 0.00 0.00 NA
  Activity – reporting problems 30 (86) 21 (100) 0.07 0.11 NA
  Pain – reporting problems 26 (74) 15 (71) 0.82 0.82 NA
  Anxiety – reporting problems 13 (36) 9 (41) 0.72 0.86 NA
  Health state – mean (SD) 59 (19) 48 (16) 0.03 0.06 0.60

QLQ-C30/PAN26 – mean (SD)
  QLQ-C30
   Global health status 57 (16) 44 (29) 0.02 0.05 0.59
   Functional scales‡
      Physical functioning 55 (22) 32 (25) 0.00 0.00 0.96
      Role functioning 34 (31) 13 (16) 0.01 0.05 0.83
      Emotional functioning 75 (21) 63 (28) 0.06 0.10 0.50
      Cognitive functioning 73 (22) 56 (27) 0.01 0.04 0.70
      Social functioning 69 (24) 54 (34) 0.05 0.08 0.53
   Symptom scales/items§
      Fatigue 62 (24) 79 (24) 0.01 0.04 0.68
      Nausea and vomiting 24 (30) 48 (32) 0.01 0.04 0.80
      Pain 51 (25) 62 (33) 0.15 0.21 0.38
      Dyspnoea 18 (25) 35 (27) 0.02 0.04 0.67
      Insomnia 48 (34) 64 (40) 0.11 0.17 0.43
      Appetite loss 58 (37) 62 (38) 0.66 0.72 0.12
      Constipation 14 (26) 26 (36) 0.16 0.22 0.37
      Diarrhoea 23 (28) 42 (40) 0.04 0.07 0.55
      Financial difficulties 9 (23) 14 (27) 0.51 0.60 0.17
  PAN26
   Symptom scales§
      Pancreatic pain 46 (25) 52 (28) 0.45 0.55 0.20
      Digestive symptoms 50 (26) 80 (28) 0.00 0.00 1.11
      Altered bowel habit 36 (21) 42 (25) 0.30 0.38 0.28
      Hepatic symptoms 17 (16) 28 (14) 0.01 0.04 0.71
      Body image 30 (34) 33 (31) 0.69 0.72 0.11
  Satisfaction/functional scales‡
      Sexual functioning 57 (39) 61 (42) 0.70 0.70 0.11
      Satisfaction with health care 54 (25) 70 (25) 0.02 0.04 0.67



Gastric emptying scintigraphy and quality of life

129

GIQLI – mean (SD)
   Total score (max. 144) 89 (16) 72 (19) 0.00 0.02 0.98
      Phys. well-being (max. 40) 17 (6) 13 (7) 0.02 0.04 0.69
      GI/digestive (max. 40) 28 (7) 25 (7) 0.13 0.16 0.44
      GI/defecation (max. 24) 19 (3) 18 (4) 0.22 0.22 0.35
      Mental well-being (max. 20) 14 (3) 11 (5) 0.02 0.04 0.65
*Adjusted for multiple testing according to Benjamini and Hochberg.
†Cohen’s d.
‡Higher score means better quality of life.
§Higher score means worse quality of life. 
DGE, delayed gastric emptying; EQ-5D, EuroQoL 5D; SD, standard deviation; QLQ-C30/PAN26, Quality 
of life core questionnaire with pancreatic cancer module; GIQLI, gastrointestinal quality of life index; GI, 
gastrointestinal

In addition, moderate and large effect sizes were also found on the following 
QLQ-C30/PAN26 domains: emotional functioning, social functioning, and diarrhoea. 
Again, these outcomes were better in patients without DGE.

At four weeks, the only statistically significant difference between patients with 
and without DGE was found in the PAN26 symptom scale ‘digestive symptoms’ 
(adjusted P-value 0.04, effect size 0.83). Twelve weeks postoperatively, no statistically 
significant differences were found between patients with and without DGE. Figure 2 
shows the course in time of the same quality of life domains as displayed in Figure 1, 
but now in patients with and without DGE.

Finally, we also compared uncomplicated patients (no complication or Dindo-
Clavien grade I, n = 25), with patients with primary DGE (without other intra-
abdominal complications, n = 10). The only statistically significant differences 
between these two groups were higher scores on the QLQ-C30/PAN26 symptom 
scales ‘nausea and vomiting’ and ‘digestive symptoms’ in the primary DGE group 
two weeks postoperatively, both with large effect sizes (respective means [standard 
deviation] 18 [30] versus 59 [36], adjusted P-value 0.03, effect size 1.23, and 41 [23] 
versus 76 [22], adjusted P-value 0.02, effect size 1.52).
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DISCUSSION

The present study shows that gastric emptying rate one week after operation was 
clearly slower than preoperatively. Half-emptying times and %RA120 in the antecolic 
group seemed lower, but this finding did not reach statistical significance. There was 
a strong association between scintigraphic results and clinically relevant DGE.

Gastric emptying scintigraphy after pancreatoduodenectomy was first described 
by Hocking et al., who performed liquid phase gastric emptying scintigraphy in a 
PPPD patient with severe DGE at postoperative day 31, 39 and 56.30 Solid phase 
gastric emptying scintigraphy after pancreatoduodenectomy was first performed 
in the 1993 trial on prophylactic erythromycin by Yeo et al.31 Scintigraphy results 
were compared between patients with and without prophylactic erythromycin, but 
no objective scintigraphic criteria for delayed emptying were defined. More recently, 
several studies did formulate criteria for delayed gastric emptying at scintigraphy; 
however, the correlation between scintigraphy and clinical DGE remained difficult 
to assess, due to the numerous definitions used for both clinical and scintigraphic 
DGE.13,32-34 In a recent series from our center, scintigraphy results were correlated to 
the now widely adapted ISGPS criteria for DGE.14 A strong correlation was found 
between grade of DGE and scintigraphy: of twenty-five patients without delayed 
gastric emptying rate at scintigraphy (i.e., %RA120 less than 60%), only two 
developed clinically relevant DGE according to the ISGPS criteria. Similarly, in the 
current series, clinically relevant DGE occurred in only three of nineteen patients with 
%RA120 < 60%. Overall scintigraphy results in the present study are comparable to 
our previous series, in which median half-emptying time one week after PPPD was 
125 minutes, with a residual activity after two hours of 65%.

The faster median t½ and lower median %RA120 in the antecolic group were not 
statistically significant. The fact that the study was not powered to detect a difference 
in gastric emptying speed at scintigraphy may contribute to the nonsignificance. 
One could theorize that the acquired results do show a clinically significant effect; 
however, this was not reflected in the clinical DGE outcomes. One should also realize 
that there was a selection bias, since more patients in the antecolic group missed 
their postoperative scan due to a complicated postoperative course, although this 
difference was neither significant.

With regard to quality of life, there was a decline in the entire study group two and 
four weeks postoperatively, but after twelve weeks, quality of life had recovered to 
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preoperative levels. This course of patient-reported outcomes over time is comparable 
to the recovery of quality of life after resection in a previous series from our center.19 
In that study, quality of life was assessed with the GIQLI and Medical Outcomes 
Study 24 acute-phase questionnaires.35 A significant postoperative decrease in 
physical and gastrointestinal functioning was found two weeks after PPPD, with a 
return to preoperative values around three months after surgery. The decrease in the 
current study also indicates a significant change.36 This development in quality of life 
after pancreatoduodenectomy is consistent with findings from other institutions as 
well.20,37

Two weeks postoperatively, patients with clinically relevant DGE had significantly 
worse quality of life outcomes than patients without DGE. These differences were 
clinically significant as effect sizes were moderate to large. Although most of the 
lower scores in DGE patients can be explained by the presence of DGE (such as 
nausea/vomiting and digestive symptoms, but also mobility and self-reported health 
state), other differences, such as a lower score in physical and cognitive functioning, 
are not entirely attributable to a state of gastroparesis. Given the fact that many 
patients developed DGE secondary to other intra-abdominal problems, these findings 
may be a reflection of general postoperative morbidity. When patients with primary 
DGE were compared with patients with an uncomplicated postoperative course, the 
only differences were higher ‘nausea and vomiting’ and ‘digestive symptoms’ scores 
on the QLQ30-PAN26 two weeks after the operation. Since the latter two groups 
consisted only of 10 and 25 patients, respectively, firm conclusions can not be drawn 
from this subanalysis, despite the large effect sizes. The higher satisfaction with 
health care in patients with DGE is a paradoxical finding; it may be the result of more 
medical attention paid to patients with a complicated postoperative course.

All results in the present study were obtained in the setting of a randomized 
controlled trial. Outcomes were well-defined and prospectively recorded. A 
limitation of the study design is that it was not powered to detect differences in 
gastric emptying rate or quality of life. Gastric emptying rate was assessed by solid 
phase gastric emptying scintigraphy, which is a well-tried and approved method after 
pancreatoduodenectomy. A limitation of scintigraphy is that it can not be used in 
patients with active nausea and vomiting; ingestion of the test meal is a premise for 
successful assessment of gastric emptying. This could possibly have been overcome 
by using a liquid test meal.38 Furthermore patients had to be able to undergo the 
scanning procedure; therefore, patients with severe complications other than DGE 
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could also not undergo scintigraphy. We have dealt with these limitations by clearly 
showing which proportion of patients did not undergo the postoperative scan due to 
their postoperative course. Quality of life was assessed by means of well-validated 
generic and disease-specific questionnaires. Effect sizes were calculated to examine 
the magnitude of the effects that are independent of sample size. Although DGE is 
often claimed to have a negative impact on quality of life, to our knowledge this is the 
first study to investigate the impact of DGE on quality of life. This burden on quality 
of life is clinically significant two weeks postoperatively.

In conclusion, the similar scintigraphy and quality of life results after retrocolic 
and antecolic gastroenteric reconstruction in PPPD are in line with the clinical 
outcomes of the original trial.10 The negative impact of DGE on quality of life is 
undeniable. Physicians should be aware of this adverse effect and inform their 
patients accordingly. The importance of prevention of this complication is once more 
underlined.
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