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Abstract
Background Vitamin  B12 (VB12) deficiency is a well-described complication post-gastrectomy. It is caused by the loss of 
parietal cell mass leading to megaloblastic anaemia. This closed-loop audit assesses patient understanding of and adherence 
with VB12 supplementation guidelines post-gastrectomy.
Methods A closed-loop audit cycle was performed. After the first cycle, an educational intervention was actioned prior to 
re-audit. One hundred twenty-five patients who underwent gastrectomy between 2010 and 2020 were available for study (86 
total gastrectomies (TG), 39 subtotal gastrectomies (STG)). Twenty-nine patients who had not been adherent with VB12 
supplementation/surveillance were eligible for re-audit.
Results 91.9% (79/86) of TG patients reported adherence in regular parenteral VB12 supplementation. Adherence was sig-
nificantly lower for STG for checking (and/or replacing) their VB12, with only 53.8% (21/39) checking their VB12 levels. 
67/125 (53.6%) of the patients stated that they knew it was important to supplement  B12 post-gastrectomy. 37.8% (43/113) 
of participants could explain why this was important, and 14.4% (18/125) had any knowledge of the complications of VB12 
deficiency. Following re-audit, 5/8 (57.5%) of TG patients who had not been adherent with VB12 supplementation in the 
first cycle were now adherent with VB12 supplementation following our educational intervention. 7/17 (41.2%) of the STG 
group had received VB12 or made arrangements to receive supplemental VB12 if it was indicated.
Conclusion This study demonstrates good adherence in those undergoing TG. Patient understanding correlates with adher-
ence, suggesting that patient education and knowledge reinforcement may be key to adherence with VB12 supplementation. 
A simple educational intervention can improve adherence with VB12 supplementation in patients undergoing gastrectomy.
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Introduction

Vitamin  B12 (VB12) deficiency is a well-described compli-
cation post-gastrectomy [1–4]. Transformation of any part 
of the gastrointestinal (GI) tract can have adverse implica-
tions on nutrient absorption, with the loss of parietal cell 
mass that occurs post-gastrectomy responsible for VB12 
deficiency. The main long-term consequence of VB12 

All abbreviations are explained at first appearance in text.
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complication post-gastrectomy. This study demonstrates good 
adherence in those undergoing TG at our centre. Patient education 
and knowledge play a key role in VB12 adherence.

 * Hugo C. Temperley 
 temperlh@tcd.ie

1 Department of Surgery, Trinity Centre for Health Sciences, 
St. James’s Hospital and Trinity College Dublin, Dublin 8, 
Ireland

2 Department of Surgery, Tallaght University Hospital, 
Dublin 24, Ireland

3 Discipline of Surgery, National University of Ireland, 
Galway, Ireland

4 Department of Clinical Nutrition, St James’s Hospital, 
Dublin, Ireland

5 Department of Surgery, Toronto General Hospital/University 
Health Network, Toronto, ON, Canada

http://orcid.org/0000-0001-9151-3431
http://crossmark.crossref.org/dialog/?doi=10.1007/s11845-022-03124-5&domain=pdf


 Irish Journal of Medical Science (1971 -)

1 3

deficiency is megaloblastic anaemia, which may be compli-
cated by long-term neurological symptoms (paraesthesia, 
vision loss and ataxia) [5].

VB12 is a water-soluble vitamin, and when ingested in its 
free or nonprotein-bound form, will bind to carrier proteins 
known as R-binders (transcobalamin I) secreted by salivary 
glands in the oropharynx, and gastric mucosal cells within 
the stomach [6]. If VB12 is ingested in its protein-bound 
form, it must first undergo proteolytic cleavage in the stom-
ach or duodenum where it will bind to an R-binder before 
entering the duodenum for further cleavage. Upon entry 
into the second segment of the duodenum, the pancreas 
will secrete additional protease which will then degrade the 
R-binders bound to the VB12. It is at this point that VB12 
will bind to or complex with intrinsic factor for the remain-
der of its transition to the ileum of the small intestine for 
absorption [6]. Post-gastrectomy, the physiological absorp-
tion of VB12 is compromised due to a lack of gastric mucosa 
necessary for the absorptive process, with VB12 deficiency 
arising as an inevitable and early metabolic consequence.

The Eastern Cooperative Oncology Group (ECOG) out-
lined that as many as 87% of patients diagnosed with gastric 
cancer suffer from malnutrition [7]. Nutritional deficiencies 
in these patients result from disturbance of the natural ana-
tomical and physiological mechanisms responsible for con-
trolling gastric function [7]. VB12 absorption is reduced 
post-gastrectomy to varying degrees, with greater impair-
ment seen post–total gastrectomy (TG) as compared with 
subtotal gastrectomy (STG) [8]. Hu et al. explored this con-
cept when they retrospectively reviewed the data of 645 gas-
trectomies (TG: 176, STG: 469) and found that 100% of TG 
were VB12 deficient compared with 15.4% of STG [9]. In 
the absence of adequate replacement, VB12 deficiency will 
be present in all TG patients and a subset of STG patients 
[6].

When VB12 deficiency is diagnosed, treatment options 
include a standardised replacement regimen or close moni-
toring of VB12 levels and replacement as required. Approxi-
mately 4 out of every 5 patients will suffer at least one 
symptom of VB12 deficiency following gastrectomy [1], 
including fatigue, cold extremities, paraesthesia, or glossitis 
[3, 4]. However, it can often be challenging to differentiate 
symptomatic VB12 deficiency from the expected sequelae 
of gastric cancer surgery. Fatigue is a common symptom 
following gastrectomy regardless of VB12 status, and thus, 
some patients experiencing fatigue may not attribute their 
symptoms to VB12 deficiency [10, 11].

It is well documented that gastric (and oesophageal) 
surgical cancer patients are at great risk of malnutrition 
[12–14]. However, there is inconsistent and lacking data 
available on patient understanding and knowledge of the 
role of VB12 in a post-gastrectomy setting. The purpose 
of our study was to comprehensively audit patient VB12 

supplementation adherence and to gain insight into patient 
understanding of the VB12 supplementation guidelines 
post-gastrectomy in our tertiary referral centre. We imple-
mented an intervention, in the form of a patient information 
leaflet, before reauditing these parameters in order to ‘close 
the loop’. Herein, we present the results of this closed-loop 
cycle and discuss the impact of simple interventions which 
may be useful to enhance patient adherence with VB12 
supplementation.

Methods

Study population and setting

This audit was registered with our clinical audit department. 
Thereafter, a closed-loop audit was performed in accordance 
with local guidelines. In total, 125 patients (86 TG and 39 
STG respectively) who attended our centre for gastrectomy 
between the years of 2010 and 2020 were identified. The 
inclusion/exclusion flowchart can be seen in Fig. 1.

• Inclusion criteria included patients who underwent gas-
trectomy between 2010 and 2020.

• Exclusion criteria included patients who were deceased 
or had active disease undergoing treatment with pallia-
tive intent.

Fig. 1  Inclusion/exclusion flowchart. Pt: patient, RIP: dead at time of 
audit



Irish Journal of Medical Science (1971 -) 

1 3

Patients meeting inclusion criteria after exclusion were 
identified from a prospective database held for audit and 
research purposes. Approval for the study was exempted by 
the local research ethics committee, as it was principally an 
audit for assessment of service delivery. A data protection 
impact analysis was undertaken, and the study was completed  
in compliance with General Data Protection Regulation 
(GDPR) legislation. Patient data were collected by reviewing 
electronic hospital records and through telephone surveys. 
Patients were asked standardised questions regarding their 
adherence to VB12 supplementation/surveillance regimens  
as organised by their primary care provider. We also 
assessed patient knowledge of VB12 in general and why it  
was important for them to be replacing VB12. The specific 
questions that the patients were asked as part of our survey 
were drawn up by three consultant upper-gastrointestinal  
(UGI) surgeons (Table  1). These data were collected  
between January and June 2021. To ensure that we followed 
a recognised standard and recommendation, we aligned our 
survey with consensus-based guidelines from the National 
Comprehensive Cancer Network [15], which publishes on  
postoperative nutritional gastrectomy surveillance strategy.

All data was inserted into an Excel spreadsheet (Micro-
soft, Redmond, WA, USA) for statistical analysis. A pre-
determined call format was implemented in the form of a 
survey; if the patient answered, a verbal consent script was 
read and consent gained. Next, we ascertained the patient’s 
knowledge of the importance of VB12 supplementation 
through a survey, using the consensus-based guidelines 
as above (Table 1). The data collected was broadly broken 
down into (1) patient characteristics, (2) whether or not they 
were supplementing or surveillance VB12, and (3) patient 
knowledge and education.

At our tertiary cancer centre, the standard protocol for 
VB12 post-gastrectomy involves verbally communicating 
with patients the importance of VB12, providing VB12 
information in nutritional counselling (verbally and writ-
ten information), including information on the discharge 

summary to the general practitioner (GP), and checking 
adherence at post-operative visits. All patients are seen at 
least once in the first 2 months post-surgery by a registered 
dietician to discuss nutritional issues post-gastrectomy 
including VB12 replacement and monitoring. This routine 
advice on discharge and post-operative visits involves edu-
cating patients on the need for routine replacement with 
intramuscular injections of VB12 in all TG and discussing 
patient choice to have B12 levels monitored and replaced as 
required by the GP or replaced routinely by the GP.

Follow‑up measurements

This was followed by an educational intervention—we 
developed a patient information leaflet entitled “Vitamin 
B12 Supplementation—Information for Patients Following a 
Total or Subtotal Gastrectomy” which was sent to 29 patients 
(8 TG, 21 STG) who had not been adherent with VB12 sup-
plementation/surveillance, in November 2021. This leaflet 
was written up, using evidence-based research [12, 16, 17], 
by the multidisciplinary team including registered dieticians 
and surgeons. Patients were contacted 4 weeks later to assess 
if they had made arrangements to be treated or tested. The 
same call format was followed. All patients confirmed they 
had received the leaflet. These data are displayed in Table 3.

Statistical analyses

Basic descriptive statistics (i.e. Fisher’s exact and unpaired-
samples t tests) were used as appropriate to determine the 
adherence to recommendations as well as the association 
between knowledge and adherence of patients included in 
this study [18, 19]. All tests of significance were two-tailed 
with p < 0.050 indicating statistical significance. Descriptive 
statistics were performed using the Statistical Package for 
Social Sciences (SPSS) version 26 (International Business 
Machines Corporation, Armonk, NY).

Table 1  Questionnaire

GP general practitioner

Questions asked over the phone

1 Do you remember being told when you left hospital that your vitamin  B12 levels 
should be checked/replaced if found to be low by GP?

2 If yes, who was it who told them? e.g. intern, dietician
3 Did you know it was important to check vitamin  B12/replace after gastrectomy?
4 Do you know why it is important to replace vitamin  B12?
5 Do you know what can happen if you’re vitamin  B12 deficient?
6 Did their GP contact them after their surgery to talk about/check vitamin  B12 levels?
7 Do you get vitamin  B12 injections from your GP?
8 If yes, how often do you get them?
9 Do you have any queries or are you unsure of anything?
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Results

Study cohort

In total, 187 patients were eligible for inclusion in the cur-
rent analysis and were assessed. During screening, a fur-
ther 34 patients were excluded (13 were undergoing treat-
ment with palliative intent for recurrent disease and 21 
had died prior to study start). Of these, 81.7% (125/153) 

of the patients answered and consented for inclusion. The 
mean age was 71.34 years (STG: 69.0 (40–87), TG 72.2 
(31–91)). In regard to sex, both STG and TG groups were 
male majority. For STG, 26 were male and 13 female, 
while for TG, 55 were male and 31 female. The mean 
time of surgery to our original phone call was 4.7 years 
(3 months–10 years). Patient characteristics are outlined 
in Tables 2 and 3.

Table 2  Performance of the system to replace or monitor B12 after gastrectomy

STG sub-total gastrectomy, TG total gastrectomy, M male, F female, GP general practitioner, VB12 vitamin  B12, DC discharge

Overall TG STG

Sex (M:F) 81:44 55:31 26:13
Age Mean: 71.34

Range: 31–91
Mean: 72.2
Range: 31–91

Mean: 69.0
Range: 40–87

Operation date (mean) 2015 2015 2015
Time from operation date to phone call Mean: 4.7 years / /
Replacing/checking VB12 100/125 (80%) 79/86 (91.9%)—replacing 21/39 (53.8%)- checking and/or replacing
Interval (months) 3.29 3.04 months (replace) 4.7 month (replace / check)
Was there a DC summary? 94/125 (75.2%) 63/86 (73.2%) 31/39 (79.5%)
Was there advice related to VB12 on the DC 

summary?
58/94 (61.7%) 40/63 (63.5%) 18/31 (58.1%)

Where was it found in the DC summary? ‘Advice to GP’ sec-
tion—42/58 (72.4%)

‘Advice to GP’ sec-
tion—27/40 (67.5%)

‘advice to GP’ section – 15/18 (83.3%)

When leaving the hospital, were they informed 
that VB12 levels should be checked/replaced if 
low by the GP?

Yes: 80/125 (64.0%)
No: 34/125 (27.2%)
Unsure: 11/125 (8.8%)

Yes: 59/86 (68.6%)
No: 18/86 (20.9%)
Unsure: 9/86 (10.5%)

Yes: 21/39 (53.8%)
No: 16/39 (41.0%)
Unsure: 2/39 (5.2%)

Did they know it was important to check VB12/
replace after a gastrectomy?

67/125 (53.6%) 51/86 (59.3%) 16/39 (41.0%)

Did the GP contact them after their surgery to 
talk about/check VB12 levels?

48/125 (38.4%) 39/86 (45.3%) 9/39 (23.1%)

Do they know why it is important that they are 
replacing VB12?

43/113 (37.8%) 34/74 (45.9%) 13/39 (33.3%)

Do they know what can happen if they do not get 
their VB12?

18/125 (14.4%) 14/86 (16.3%) 4/39 (10.0%)

Table 3  Re-audit of patients who were not adherent to VB12 supplementation/monitoring after educational intervention

STG sub-total gastrectomy, TG total gastrectomy, M male, F female, B12 vitamin B12

Re-audit (overall) Re-audit audit (TG) Re-audit (STG)

Surgery (TG:STG) 8:17 8 17
Sex (M:F) 16:9 6:2 11:6
Age 69.3 (40–91) 73.3 (57–91) 66.6 (40–78)
Did you find the leaflet helpful? 23/25 (92%) 8/8 (100%) 13/17 (76.5%)
Now aware of importance of B12? 14/25 (56%) 7/8 (87.5%) 8/17 (47.1%)
Have you received or made arrangements to receive sup-

plemental VB12?
14/25 (56%) 5/8 (57.5%) 7/17 (41.2%)

Have you made arrangements to monitor VB12 levels? 4/25 2/8 (25%) 2/17 (11.7%)
Reasons for not making arrangements 3—no symptoms

2—check levels instead
2—oral B12
1—COVID

1—no symptoms 2—no symptoms
2—check levels instead
2—oral B12
1—COVID
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Initial audit

Overall (TG and STG)

Overall, 75.2% (94/125) of the patients had discharge sum-
maries available on the electronic hospital record, and 61.7% 
(58/94) of these contained advice about VB12. The most com-
mon location where this advice was found was in the ‘advice 
to GP’ section—72.4% (42/58).

80/125 (64.0%) of the patients reported that they were 
‘informed’ verbally on discharge that their VB12 levels should be 
replaced or checked/replaced if low by their GP. Overall, 48/125 
(38.4%) were contacted by their GP after their surgery to talk about 
checking or replacing VB12 levels (TG: 39/86 (45.3%), STG: 9/39 
(23.1%)). 67/125 (53.6%) of the patients stated that they knew the 
importance of VB12 supplementation post-gastrectomy, while 
only 37.8% (47/125) of the participants could explain why this 
was important and 14.4% (18/125) had any knowledge of the com-
plications of VB12 deficiency.

Patients who understood the requirement for B12 replace-
ment were significantly more likely to be adherent than those 
who did not (92.5% (62/67) versus 41.4% (24/58), p < 0.001). 
We found a non-statistically significant association between 
adherence to the VB12 recommendations and the time 
between date surgery and the phone call. The median duration 
of follow-up in the adherent group did not differ significantly 
from that of the non-adherent group (4.36 versus 4.73 years, 
log-rank test, p = 0.23).

TG versus STG

In total, 91.9% (79/86) of our TG patients reported adherence 
in regular parenteral VB12 supplementation. Adherence was 
significantly lower for STG for checking and/or replacing their 
VB12 at 53.8% (21/39, p < 0.001).

The advice section in the discharge summary was not 
completed more frequently in TG versus STG (63.5% versus 
58.1%, Fisher’s exact test, p = 0.824), nor was the recall of 
verbal advice at time of discharge reported as different (TG: 
68.6% (59/86) versus STG, 21/39 (53.8%), p = 0.157). Simi-
larly, it appears that knowledge of the need to replace B12 was 
equivalent: TG 59.3% versus STG 41.0%, p = 0.081. The only 
difference observed was that GPs were more likely to contact 
patients post-TG regarding the need for replacement versus 
post-STG: TG: 39/86 (45.3%), STG: 9/39 (23.1%), p = 0.049. 
These figures are demonstrated in Table 2.

Re‑audit (closed‑loop) data

Overall

Thirty-one patients were eligible to be recontacted for 
reaudit. Two of these patients died before being contacted, 

and therefore, twenty-nine patients were sent the patient 
information leaflet and contacted at 4 weeks (TG: 27.6% 
(8/29) and STG: 72.4% (21/29), 86.2% (25/29)). Of the 
25 contactable, 92% (23/25) reported that they found 
the leaflet helpful and 8% (2/25) stated they had not read 
the leaflet. Fifty-six percent (14/25) reported they were 
now aware of the importance of VB12 supplementation/
surveillance, and of these, 12/14 had received or made 
arrangements to receive VB12 (100% of the TG group 
and 41.2% of the STG group). In total, 56% (14/25) had 
received or made arrangements to receive supplemental 
VB12 and a further 16% (4/25) had made arrangements 
to have their VB12 levels checked. Of those who had not 
made arrangements for supplementation/surveillance, 
the reasons stated for non-adherence were as follows:  
an absence of symptoms, 12% (3/25); regular oral VB12 
supplementation, 8% (2/25); and risk of COVID-19 in the 
community, 4% (1/25). This closed-loop data is displayed  
in Table 3.

Discussion and conclusion

Regular monitoring and supplementation of VB12 levels are 
important post-gastrectomy. This study demonstrates good 
adherence in those undergoing TG. Patient understanding 
correlates with adherence, suggesting that patient educa-
tion and knowledge reinforcement may be key to adherence 
with VB12 supplementation. Improved verbal communica-
tion and education in regard to the importance of taking 
VB12 post-gastrectomy, as an inpatient and when followed 
up in the clinic, are vital in post-gastrectomy patients. Writ-
ten information leaflets for patients undergoing gastrecto-
mies are of benefit. Gastrectomy services should continue 
to improve the inclusion of VB12 advice on discharge 
summaries.

The ‘Nutrition and Survivorship Clinic’ from our ter-
tiary cancer centre, in Oesophageal and Gastric Cancer, 
has demonstrated a high prevalence of iron deficiency, 
iron deficiency anaemia and vitamin D deficiency at 1-year 
post-surgery [12]. Although there is a large amount of data 
available on morbidity, mortality and major complications 
post-gastrectomy, there is inconsistent and often conflicting 
data focusing on postoperative nutrition and patient adher-
ence with their new nutritional regime [14, 20–22]. This 
can in turn affect the overall survival and quality-of-life out-
comes of the patient. The evidence, however, is clear that 
post-TG/STG or post-oesophagectomy patients may have a 
severely compromised nutritional status [14, 23–27]. This 
can be worsened by the addition of more complex regimens 
of chemotherapy and radiotherapy, as for many patients, 
a multimodal therapy is warranted to improve oncologic 
outcomes.
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Adherence amongst this cohort of patients is a key issue. 
According to Nutrition Risk Screening (NRS 2002), when 
oral nutrition support was provided to patients after gas-
tric cancer surgery, the patients’ average daily intake during 
the first 3 months was about a half of the recommended 
requirements. As the patient survival rate and life expec-
tancy increase, the nutritional sequelae and the need to 
monitor become ever more important. The consensus-based 
guidelines from the National Comprehensive Cancer Net-
work [28] suggest monitoring VB12 levels, as well as bone 
health (Ca +  + and vitamin D), in surgically treated patients 
(especially after TG), and treat as indicated.

Our findings show the importance of education in 
ensuring adherence to VB12 supplementation and surveil-
lance, with the highest levels of adherence seen in those 
who understood the importance of VB12. This highlights 
the need for continued patient education following gas-
tric surgery using different approaches, spread over time. 
Furthermore, the requirement for B12 supplementation in 
patients following a STG is variable and not universal as 
it is post-TG. The adherence to supplementation, or level 
checking and supplementation as required, was lower in 
those who had undergone STG in this study, despite similar 
nutritional counselling, and remained lower despite a tar-
geted educational intervention compared to TG. One reason 
may be less clear guidance to primary care providers on the 
potential requirement for supplementation—in this cohort, 
GPs were less likely to contact patients after STG regard-
ing supplementation. This warrants attention during patient 
and provider counselling and further study to understand the 
difference between cohorts. Our centre attempts to improve 
adherence by re-iterating and educating on the importance 
of adherence rates during follow-up clinic visits, to patients 
and, where possible, to family members or supporters of 
patients.

Although, to our knowledge, there are no randomised 
trials to guide a postoperative surveillance strategy in gas-
trectomy patients, we believe that a large-scale retrospec-
tive study from multiple centres would be adequate. This 
was recently performed in post-oesophagectomy patients. 
Murphy et al. [12] established a personalised multidis-
ciplinary survivorship clinic at their centre; mean body 
weight loss at 6 months was 8.5 ± 6.6% and at 12 months, 
8.8 ± 7.3%; and found micronutrient deficiency was pre-
sent in 79.4% of the patients preoperatively and 80.6% 
after 1 year, most commonly iron deficiency (preoperative: 
43.2% and postoperative: 45.9%). Veeralakshmanan et al. 
[13] analysed 63 patients post-oesophagectomy and/or TG/
STG gastrectomy for malignant tumours. The proportion 
of patients with deficiency in ferritin, folate, VB12 and 
vitamin D was 42.86%, 9.52%, 6.35%, and 36.67% respec-
tively. Heneghan et  al. [14] preformed a retrospective 
review on 66 oesophageal or gastric oncologic patients and 

found that malabsorption was evident in 73% of patients. 
With such large numbers of patients nutrient deficient fol-
lowing gastric and oesophageal cancer surgery, there is no 
doubt that further work is needed in nutrition and patient 
education to ensure best patient outcomes.

Our study had several limitations. Firstly, the sample 
size was relatively small, as we are assessing a single cen-
tre’s performance over a limited time frame. Secondly, in 
our study, not all patients had discharge summaries avail-
able on the electronic health record, so we cannot be cer-
tain that they or their GP were aware of the requirement 
for VB12 supplementation. Lastly, a significant propor-
tion of patients in both the original questionnaire (18.3%) 
and at re-audit (13.8%) were not contactable. Nonetheless, 
they were, however, contacted by telephone twice and, if 
not successfully contacted, they were contacted on a third 
occasion 1 week later in a further attempt to complete the 
questionnaire.

We believe our paper could be utilised as an example 
by other hospitals to create evidence-based protocols 
for VB12 supplementation post-gastrectomy, auditing  
against their respective protocols and implementing  
simple measures to improve adherence and patient  
understanding. It emphasises the importance of using 
multiple means of communication over time. The patient 
leaflet designed for the re-audit is now used as protocol  
for micronutrient screening and supplementation in 
post-operative gastrectomy patients, and we recommend 
its use in other cancer tertiary centres. As a result of 
this closed-loop audit, from  1st January 2022, routine 
screening of micronutrients in all patients at 1-year post-
oesophagectomy and gastrectomy will commence. As per 
the protocol for surveillance post-UGI surgery, patients 
will attend in person at the 12-month post-surgery  
time point and virtually at the 15-month time point as 
routine. We were able to improve adherence and patient 
understanding using simple measures, demonstrating 
that patient adherence can be improved through greater 
awareness of VB12.
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