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ABSTRACT 

Aim: The anatomical changes to the gastrointestinal tract that result from bariatric surgery, are not merely 

associated with changes in food intake, but could also affect the pharmacokinetics of oral medication. This 

study aims to establish the influence of bariatric surgery on the prevalence and preventability of medication-

related readmissions (MRRs), a topic yet unexplored. 

Methods: In this single centre, retrospective, observational study, unplanned hospital readmissions of 

patients who underwent primary bariatric surgery between January 1, 2018 and August 31, 2020 in the St. 

Antonius hospital, The Netherlands were included. Readmissions had to have taken place within the two 

year follow-up period. Admission records were screened for potential adverse drug events, which were then 

assessed for causality and preventability. Readmissions were classified as medication-related or 

medication-unrelated, the former further categorised as preventable or non-preventable. Comparisons 

between the two types of admissions (medication-related or unrelated) were performed using the 

appropriate statistical tests. 

Results: This interim analysis included 89 unplanned readmissions of which 10.1% (n= 9) were identified 

as medication-related. Of these MRRs, 33.3% (n= 3) were considered potentially preventable.  

There were no statistically significant differences when comparing surgery years (p = .362), surgical 

procedures (p= .056) and time to readmission (p= .830) between the two types of readmissions.  

Conclusion: This study demonstrated that 10.1% of the unplanned hospital readmissions after primary 

bariatric surgery were medication-related, of which 33.3% potentially preventable. To reduce the number 

of preventable MRRs in the future, additional interventions such as pharmacist-led medication reviews 

could be considered in patients who are at higher risk for preventable MRRs. 
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INTRODUCTION 

It is estimated that 17.5% of the global population will be obese by 2030 (1). Consequently, the need for 

adequate weight loss management will continue to rise. The World Health Organisation defines obesity as 

a body mass index (BMI) 30 kg/m2 or higher (2). Obesity can be further classified according to its severity, 

with class III being the highest (BMI ≥ 40). Class III obesity is also known as severe or morbid obesity (3). 

Obesity is associated with an increased risk of cardiovascular diseases, diabetes and several types of cancer 

(4). Current available methods for weight loss are conventional (diet, exercise, mental health), 

pharmaceutical and/or surgical. Bariatric surgery remains the most effective treatment for morbid obesity. 

It is effective in establishing long-term weight loss, improvements of comorbidities, quality of life and 

survival rate (5).  

At present, Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG) are two of the most performed 

bariatric procedures.(6) With RYGB, a small pouch is created from the stomach and connected to the small 

intestines, thus partially bypassing the gastro-intestinal tract. With SG, a large portion of the stomach is 

vertically resected, thus producing a tube shaped stomach (7). It has been recognized that these 

gastrointestinal changes induced by bariatric surgery may have an influence on the absorption, distribution, 

metabolism and/or elimination of orally administered medication (8). 

Earlier studies have shown overall 180-day readmission rates of 7.8% and 13.2% after SG and RYGB, 

respectively, while one study even suggested that one out of four bariatric patients will be readmitted within 

two years of surgery (9,10). Furthermore, a systematic review by El Morabet et al. regarding medication-

related hospital readmissions has reported a median prevalence of 21%, with the interquartile range (IQR) 

between 14-23%. (11). When limiting the readmission window to 30 days after discharge, Uitvlugt et al. 

found a prevalence of 16% (12). Both El Morabet et al. and Uitvlugt et al. investigated medication-related 

readmissions without focusing on a specific medical conditions.    

Despite these earlier findings, little is known about the prevalence of medication-related readmissions 

(MRRs) after bariatric surgery. This is especially relevant given the prior knowledge that the 

pharmacokinetics of oral medication changes after surgery (8). As a result, bariatric surgery may lead to an 

increased risk of MRRs due to causes such as therapy failure or overdosing. 

This study aims to provide a clear overview on the prevalence and preventability of MRRs within two years 

following primary bariatric surgery. Through this study, we aim to identify areas for improvement in 

bariatric patient care. 
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METHODS 

Setting and sample population 

This was a single centre, retrospective observational study carried out in St. Antonius hospital, The 

Netherlands over a period of five months.  

Readmissions were eligible for inclusion if the readmitted patient had undergone a primary procedure of 

RYGB or SG in the St. Antonius hospital, The Netherlands between January 1, 2018 and August 31, 2020. 

The surgery date was also registered as the index date. Additionally, the readmissions had to be unplanned 

and had to have taken place after primary bariatric surgery. Unplanned readmissions included unplanned 

hospital visits (e.g. emergency room) and unplanned hospitalisations. The unplanned readmission had to 

have taken place within the follow-up period, which was two years post-index date. In case of repeated 

readmissions within the follow-up period, only the first readmission was included.  

Readmissions were excluded if the readmission was due to attempted suicide; if the readmission was to the 

obstetrics department; or if the readmission took place after revisional bariatric surgery. Lastly, 

readmissions of patients who have objected to sharing data for scientific research have been omitted from 

the study.  

This study was reviewed and approved by the regional Medical Research Ethics Committee ‘MEC-U’, as 

well as the local review committee within the St. Antonius hospital. The study was registered under 

R&D/Z22.069.  

Data collection 

Identification of readmissions was performed by the Business Intelligence department of the St. Antonius 

hospital. Patients were identified by the procedural codes for RYGB or SG linked to their medical record. 

Baseline characteristics were collected from the patient’s medical record. Characteristics at index consisted 

of sex, age, BMI, type of surgery, surgery date, preoperative comorbidities, Charlson Comorbidity Index 

(CCI) score, number of medications before and after surgery and whether medication reconciliation had 

taken place at discharge. Characteristics at readmission included age, BMI, readmission and discharge date, 

medical department (surgical/non-surgical or visit), length of stay and number of medications before 

readmission. 

To establish the number of medications in use, the medication overview, after medication reconciliation by 

the hospital pharmacy, was reviewed. If medication reconciliation did not take place, the medication 

overview established by the physician was adopted. When neither options were available, the number of 

medications in use was estimated using the expected medication list, generated by the hospital information 

system. We recognised a substance as medication if it was present in the national medicine register. 

Different dosages of the same active pharmaceutical ingredient counted towards one. Moreover, due to the 

nature of the study, vitamin and mineral supplements also contributed to the number of medications in use.  

Missing data 

If BMI was not registered in the relevant record, we accepted a previous or future BMI up to four weeks of 

difference. Missing data (n= 10, 11.2%) was substituted by the median BMI of the sample (13). Missing 

data existed largely in hospital visits rather than hospitalisations. A probable cause is due to the relatively 
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short amount of time patients spent at the hospital during a visit, thereby standard procedures such as 

medication reconciliation or the registration of body weight and height might be neglected.  

Study procedures 

A two-step approach was carried out to identify and review possible MRRs. This method consisted of 

identification of potential adverse drug events (pADEs) and assessments of causality and preventability. 

The identification was performed by a pharmacy student, under supervision of experienced researchers, 

while the assessments were conducted by a clinical pharmacist.  

Identification of pADEs  

Admission records were first screened to establish the main or contributory reason(s) for readmission. To 

determine whether medication contributed to the readmission, an adjusted version of the drug-related 

hospital admissions (DRA) adjudication guide was used (see Appendix A) (14). This is a validated trigger 

tool for identifying medication-related hospital admissions in older people. When used by trained pharmacy 

students, Coppes et al. have demonstrated a moderate agreement (81%, κ=0.62 (CI:0.54-0.70)) between 

students and expert panel (15). The guide was tailored to the bariatric population by two clinical pharmacists 

and a physician, the former specialised in pharmacotherapy after bariatric surgery and the latter in internal 

medicine. If the reason for readmission matches a trigger or event in the trigger tool, the medication 

overview of the patient at readmission was reviewed, alongside the entire admission record, lab results and 

discharge letter for the presence of suspected causative medication. In case of a match between reason for 

readmission, trigger or event and suspected causative medication, the case was considered a pADE. 

Assessment of causality and preventability 

After identifying a pADE, an adjusted version of the algorithm of Kramer et al. was utilised (see Appendix 

B) (16). This adjusted algorithm was used in earlier studies investigating the prevalence medication-related 

(re)admissions (12,17). The algorithm lay emphasis on previous experiences, alternative etiologic 

candidates and the timing when assessing the causal relationship between medication and event. Depending 

on the score, the causal relationship was then categorised as unlikely, possible and probable. Readmissions 

were labelled medication-unrelated if the causal relationship had been deemed unlikely. The remaining 

readmissions were grouped as medication-related.  

Subsequently, the algorithm of Schumock & Thornton and adapted by Lghoul was applied to determine 

whether the medication-related readmission was preventable (see Appendix C) (18,19). This algorithm 

consisted of ten questions regarding preventable events, otherwise known as medication errors (20), which 

could be answered with either ‘yes’, ‘no’ or ‘too little information to assess the admission’. To be labelled 

potentially preventable, at least one question had to be applicable to the readmission and answered with 

‘yes’.  

Outcomes  

The primary findings of this study were the prevalence of MRRs after primary bariatric surgery (defined as 

the number of MRRs divided by the total number of unplanned readmissions) and the percentage of 

preventable MRRs (defined as the number of potentially preventable MRRs divided by the total number of 

MRRs). Secondary findings included the influence of surgery year and surgical procedure on the prevalence 

of MRRs. Additionally, we wanted to know which types of medications and medication errors contribute 
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to potentially preventable MRRs. Lastly, the relationship between time to readmission and type of 

readmission (medication-related and unrelated) was investigated. 

Data analysis 

Collected data was exported to IBM SPSS Statistics for Windows Version 26.0 for analysis. Comparisons 

of baseline characteristics between medication-related and medication-unrelated readmissions were made 

using the appropriate statistical tests. The Mann-Whitney U test was used for non-normally distributed 

numerical variables. For categorical variables, the chi-square (χ2) test was used or substituted with the 

Fisher’s exact test or the Fisher-Freeman-Halton exact test when assumptions for the χ2 test were not met.  

Furthermore, a survival analysis was performed using the Kaplan-Meier procedure to demonstrate the 

relationship between time to readmission and type of readmission. Comparisons of both curves were made 

using the log rank test.  
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RESULTS 

A total of 1564 hospital readmissions have been identified, of which 956 were unplanned, as is portrayed 

in Figure 1. After application of the exclusion criteria, 356 readmissions remained eligible to be included, 

screened for pADEs and potentially assessed for causality and preventability. Thus far, a total of 89 

readmissions have been included in this interim analysis. Table 1 describes the baseline characteristics of 

the included sample at index and at readmission.  

 

Figure 1 Flow diagram of performed study procedures. 1All hospital readmissions between 2018 and 2022 of patients 

who have undergone primary bariatric surgery between January 2018 and August 2020 in the St. Antonius hospital.  

Prevalence and preventability of MRRs 

Figure 1 illustrates that of the 89 included readmissions, 10.1% (n= 9) were considered medication-related, 

of which 33.3% (n= 3) of the MRRs were believed to be potentially preventable.  

Surgery year and surgical procedures on the prevalence of MRRs 

With MRRs, 66.7% of the primary bariatric procedures took place in 2018 and 33.3% in 2019, as is 

described in Table 1. No patients readmitted due to medication-related causes had undergone surgery in 

2020. In contrast, 42.5%, 40.0% and 17.5% of the surgeries took place in 2018, 2019 and 2020, respectively, 

within the medication-unrelated readmissions. Statistical testing demonstrated no significant difference 

between the groups (p = .362) 
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When comparing the surgical procedures, it was found that 66.7% of the MRRs eventuated after SG and 

33.3% after RYGB, opposed to 30% after SG and 70% after RYGB within the medication-unrelated 

readmissions. Likewise, no statistically significant differences were observed (p = .056).  

Table 1 Baseline characteristics of the sample at readmission and at index  

 Medication-

unrelated (n=80) 

Medication-related  

(n=9) 

p-

value 

At readmission    

Age in years, median (IQR) 46.0 (35.3-50.8) 42.0 (30.5-58.0) .984 

BMI in kg/m2, median (IQR) 36.9 (29.1-40.4) 36.9 (33.3-43.6) .310 

Department, n (%) 

- Non-surgical 

- Surgical 

- Hospital visit  

 

6 (7.5) 

29 (36.3) 

45 (56.3) 

 

0 

3 (33.3) 

6 (66.7) 

1.000 

Length of stay in days, median (IQR)  1.0 (1.0-2.0) 1.0 (1.0-3.5) .830 

Number of medications before readmission,  

median (IQR) 

4.0 (3.0-6.0) 5.0 (3.5-6.5) .591 

At index    

Female sex, n (%) 67 (83.8) 7 (77.8) .664 

Age in years, median (IQR) 46.0 (35.0-49.8) 42.0 (29.5-57.0) .989 

BMI in kg/m2, median (IQR) 42.2 (39.6-44.8) 41.3 (40.1-48.6) .995 

Preoperative comorbidities, n (%): 

 Asthma 

 Hypertension 

 Hypothyroidism 

 Musculoskeletal complaints 

 Obstructive sleep apnoea 

 

9 (11.3) 

19 (23.8) 

8 (10.0) 

27 (33.8) 

50 (62.5) 

 

0 

3 (33.3) 

2 (22.2) 

3 (33.3) 

5 (55.6) 

 

.590 

.684 

.266 

1.000 

.727 

Charlson Comorbidity Index (CCI) score, n (%): 

- 0 (none) 

- 1-2 (mild) 

- 3-4 (moderate)  

 

56 (70.0) 

20 (25.0) 

4 (5.0) 

 

6 (66.7) 

2 (22.2) 

1 (11.1) 

.555 

Number of medications before bariatric surgery, 

median (IQR) 

2.0 (1.0-5.0) 3.0 (1.5-5.5) .625 

Number of medications after bariatric surgery, 

median (IQR)  

5.0 (3.0-7.0)  4.0 (3.5-7.5) .962 

Medication reconciliation at discharge, n (%) 61 (76.3) 5 (55.6) .229 

Type of bariatric surgery, n (%): 

- RYGB 

- SG 

 

56 (70.0) 

24 (30.0) 

 

3 (33.3) 

6 (66.7) 

.056 

 

Surgery year, n (%) 

- 2018 

- 2019 

- 2020 

 

34 (42.5) 

32 (40.0) 

14 (17.5) 

 

6 (66.7) 

3 (33.3) 

0 

.362 

IQR = Interquartile range, BMI = Body Mass Index 
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Types of medications and medication errors in potentially preventable MRRs 

Four types of medication were associated with the potentially preventable MRRs, namely opioids, 

antibiotics and the combination of beta blocking agents with antidepressants.  

66.7% (n= 2) of the cases were identified as resulting from required additional measures not taken, hence, 

leading to a preventable readmission. 33.3% (n= 1) of the cases was deemed preventable, because the 

readmission was caused by an adverse interaction between medications, which was a repeat of a previous 

adverse reaction associated with the same type of medication combination.    

Relationship between time to readmission and type of readmission 

Figure 2 shows a Kaplan Meier curve, representing the fraction of patients who are readmitted within the 

two-year follow-up period. The median survival is 7.0 months (95% CI: 0.0-15.8) and 4.0 months (95% CI: 

1.3-6.6), for medication-related and medication-unrelated readmissions, respectively. Within the first 

month, 40% (n= 32) of the medication-unrelated readmissions had occurred, compared to the 11.1% (n= 1) 

in the opposite group. When comparing both curves, the log rank test presented a p-value of .830, showing 

no statistically significant differences between the distributions of time to readmission in both groups.  

Figure 2 Kaplan-Meier survival curves over 24 months in medication-related and medication-unrelated readmissions.  
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DISCUSSION 

The findings of this interim analysis depict that 10.1% of unplanned hospital readmissions after primary 

bariatric surgery were medication-related, of which 33.3% potentially preventable. This study demonstrated 

no correlations between surgical procedures, surgical years and the prevalence of MRRs. Likewise, the data 

suggested no associations between time to readmission and the type of readmission. Medication errors 

associated with preventable MRRs were due to the required additional measures not, or inadequately, taken 

(66.7%) or due to a known history of a previous reaction or allergy (33.3%).  

To our knowledge, this study is the first to establish the prevalence of MRRs and the percentage of 

preventable readmissions after bariatric surgery. The discovery that 33.3% of MRRs were potentially 

preventable, suggests that at least a fraction of the bariatric patients could benefit from additional 

interventions to reduce MRRs. Furthermore, the results suggest that the risk of MRRs is not significantly 

influenced by the surgery year, type of bariatric procedure, or the time passed since the surgery. However, 

when observing these results, a considerably lower prevalence of unplanned readmissions was found in 

2020 compared to prior years, which could be due to the COVID-19 pandemic. Another plausible 

explanation exists within our inclusion criteria, in which we only included readmissions up to August 31, 

2020, rather than the entire year. Both explanations are not mutually exclusive. Interestingly, and just shy 

from significance (p= .056), there appears to be a trend towards a higher prevalence of MRRs in patients 

who underwent SG compared to RYGB. Moreover, the median survival of medication-unrelated 

readmissions (4.0 months (95% CI: 1.3-6.6)) vs. MRRs (7.0 months (95% CI: 0.0-15.8)) seems to suggest 

that it takes less time for 50% of the medication-unrelated readmissions to occur, compared to 50% of the 

MRRs. However, due to the wide range of the confidence interval in the median survival of MRRs, the 

result must be considered with some uncertainty. Lastly, medication errors could have been prevented if 

more attention was invested in the medical history of the patient and the adequate measures that had to be 

taken. It would be interesting to see if future research could reproduce our current findings.   

A prevalence of 10.1% is relatively low compared to frequencies of 16% reported by Uitvlugt et al. or the 

median of 21% (IQR 14-23%) in a systematic review by El Morabet et al. (11,12). These studies explored 

the prevalence of MRRs in generally older populations. In our study, the median age at readmission was 

42.0 years (IQR 30.5-58.0) in the MRR-group and 46.0 years (IQR 35.3-50.8) in the medication-unrelated 

group. This is quite a difference compared to the mean of 69.5 years (SD 13.7) or the median of 76 years 

(IQR 57–82) as reported by Uitvlugt et al. and El Morabet et al., respectively (11,12). This could explain 

the differences in prevalence rates, as we know from earlier reports that higher age is a risk factor for 

medication-related hospital admissions (19). Besides the sample demographics, the two-fold difference 

between our study and El Morabet et al. could be explained by other differences in methodology. To 

illustrate, the majority (33.0%) of included studies in El Morabet et al. have reported to use the Naranjo 

algorithm, with no mentions of the adjusted version of the Kramer algorithm. The former is believed to 

have a lower positive agreement between experts when assessing for causality, albeit investigated in a 

geriatric population, making these studies more prone to unreliable results (21). Furthermore, the review 

did not discriminate between planned or unplanned readmissions, while in our study, the former was 

removed from the sample population. Uitvlugt et al., on the contrary, utilised the same algorithm to assess 

for causality in unplanned readmissions. The main differences lay in the in- and exclusion criteria, namely 

the follow-up duration of two years vs. 30 days, exclusion vs. inclusion of repeated readmissions and 

inclusion vs. exclusion of hospital visits in our study compared to Uitvlugt et al., respectively. 
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Our reported preventability rate of 33.3% is comparable to the 40% of Uitvlugt et al., but nowhere near the 

median of 69% (IQR 19-84%), established by El Morabet et al. (11,12). A striking feature is the high 

variability in which the rates are expressed in the review. This is likely due to a diversity of methods used 

to assess for preventability, for which the algorithm of Schumock and Thornton only accounted 22%.  

To prevent MRRs in the future, a possible course of action could be the implementation of medication 

reviews led by clinical pharmacists. Unlike medication reconciliations, medication reviews are not part of 

the standard procedure after bariatric surgery or in general in The Netherlands (22). Medication reviews 

can lead to the identification of medication-related problems (23). Depending on when the review is 

performed, it has the potential to resolve these problems before a patient experiences harm, thereby 

preventing medication errors. A study by Hellström et al. demonstrated that medication reconciliation and 

reviews performed by clinical pharmacists lead to significant reductions of unplanned MRRs among elderly 

patients (24). This claim is further supported by a meta-analysis in which pharmacist-led medication 

reviews were reported to significantly lower the prevalence of MRRs (25). However, this conclusion was 

based on two included studies. Although our study population does not completely match the description 

of the geriatric population, it could be argued that bariatric patients who are at high risk for preventable 

MRRs may benefit from this added intervention. Future research should focus on characterising this at-risk 

population and establish the time frame in which medication reviews should be conducted to be beneficial.  

Strengths and limitations 

As mentioned before, and to the best of our understanding, this study is the first to provide data on MRRs 

after primary bariatric surgery. Given the growing need for weight loss surgery, it is essential to gain new 

insights into this topic. New insights may establish foundations for future research, which can eventually 

lead to improved outcomes for patients after bariatric surgery.    

Another strength of our study lies within the prolonged follow-up period of two years, which allowed us to 

study long-term outcomes of bariatric surgery. Within this period, delayed effects of bariatric surgery on 

the prevalence of MRRs could be captured, that would otherwise be missed in shorter follow-up studies.  

However, the findings of this study must be seen in light of some potential limitations. The foremost being 

the small sample size (n= 89) included within this interim analysis. The presumable small power and 

precision of the study limit the generalisability of our findings. Therefore, caution is advised when 

interpreting current results, as they should be considered alongside other available literature.  

The second limitation is the inclusion of only first-time readmissions after bariatric surgery, which excluded 

26% (n= 249) of all unplanned readmissions. It could be challenged that every readmission is unique, which 

would mean that time should be irrelevant when investigating the prevalence of medication-related 

readmissions. However, previous studies show that within 30 and 180-day readmissions, ‘complication of 

the procedure’ was the most common reason for readmission (10,26). One could hypothesise that in case 

of repeated readmissions, the first readmission is more likely to be surgery-related, while subsequent 

readmissions are more likely to be medication related.  Our established prevalence of MRRs could therefore 

be inaccurate, when considering the neglected repeated readmissions. 

The third limitation is that this was a single centre study. The dataset we obtained does not necessarily 

contain all readmissions of the patients included but is limited to the readmissions to the St. Antonius 

hospital. It is conceivable that patients who do not associate their medication-related complaints with the 
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bariatric procedure might visit another hospital, one more convenient, thus possibly leading to an 

underestimation of the prevalence of MRRs. 

The last limitations lie within the performed study procedures, in which a pharmacy student was the 

researcher screening all unplanned readmissions using the DRA-adjudication guide, before presenting 

pADEs for assessments. Despite the documented agreement of 81% between trained pharmacy students 

and expert panel, MRRs can still be missed when pADEs go unnoticed (15). Moreover, the assessments of 

causality and preventability were performed by one clinical pharmacist, rather than by a multidisciplinary 

panel consisting of a clinical pharmacist and physician. Although originally planned, this panel could not 

be realised due to time constraints on the researchers. We acknowledge that these limitations could 

introduce misclassification and observer bias, potentially leading to unreliable data.   

Recommendations 

We invite future studies to investigate the prevalence of medication-related readmissions after bariatric 

surgery using an improved study design, including repeated readmissions and a bigger sample size. 

Additionally, the identification of potential adverse drug events should be executed by a medical expert, 

with two independent assessors evaluating the causality and preventability. Furthermore, it would be 

interesting to examine risk factors for preventable medication-related readmissions after bariatric surgery, 

to provide targeted care for at-risk patients.   

CONCLUSION 

Our study suggests that 10.1% of the unplanned readmissions after primary bariatric surgery were 

medication-related, of which 33.3% considered potentially preventable. To reduce the number of 

preventable medication-related readmissions in the future, additional interventions such as medication 

reviews could be considered for high-risk patients. Further research on medication-related readmissions 

after bariatric surgery, with bigger sample sizes, are needed to support our findings and to establish what 

subset of bariatric patients may benefit from additional preventative measures. 
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Appendix A. Adjusted trigger tool for medication-related readmissions after bariatric surgery [14]  
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(Continued) 
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Hypothyroidism 
(TSH < 0.35 mU/L or 
T3 < 1.1 nmol/L or 

Free T4 < 9.0 pmol/L) 

Underuse of any of the following drugs? 

 Levothyroxine 

 Liothyronine 

 
 

 
Hypomagnesemia 
(Mg < 0.7 mmol/L) 

Use of any of the following drugs? 

 Diuretics 

 Antibiotics: aminoglycosides, amfotericine-B, foscarnet, pentamidine 

 Immunosuppressants: cyclosporine, tacrolimus, sirolimus 

 Cisplatin 

 Proton pump inhibitors 

 
Hypocalcemia 

(Ca < 2.1 mmol/L) 

Underuse of any of the following drugs? 

 Vitamin D suppletion 

Use of any of the following drugs?  

  
  

Diuretics  

Corticosteroids  

 Can be caused by:  

Anemia (Hb deficiency) Iron, vitamin B12 and/or folic acid deficiency  

(age and sex dependent)  
 

 
Ferritin < 25 µg/L (m) 

< 20 µg/L (f) 

Underuse of any of the following drugs? 

 Iron suppletion 

 Multivitamin suppletion 

 
Transferrin < 2.0 g/L 

Underuse of any of the following drugs?  

 Iron suppletion 

 Multivitamin suppletion 

 
Vitamin B12 < 140 

pmol/L 

Underuse of any of the following drugs?  

  Multivitamin suppletion  

 

 
Folic acid < 7 nmol/L 

Underuse of any of the following drugs?  

  Multivitamin suppletion  
Use of any of the following drugs? 

  Anti-epileptics: phenytoin, carbamazepine or barbiturates  

 Use of any of the following drugs?  

Vitamin B1 > 227 nmol/L   Multivitamin suppletion 
  

 Use of any of the following drugs?  

Vitamin B6 > 131 nmol/L   Multivitamin suppletion 
  

 
Vitamin-D deficiency 

< 50 nmol/L 

Underuse of any of the follow drugs? 

 Vitamin D/calcium suppletion 

 Multivitamin suppletion 
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Appendix B. Adjusted version of the algorithm of Kramer [16,17] 

 

  

Score < 0: Causality is unlikely 

Score 0-3: Causality is possible 

Score ≥ 4: Causality is probable 

 



  

 19 

Appendix C. Adjusted version of the algorithm of Schumock and Thornton and adapted by Lghoul 

[18,19] 

 

 

 


