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Abstract

Background: Elderly, patients with chronic kidney disease (CKD) and patients with heart failure who continue using
renin-angiotensin-aldosterone-system (RAAS) inhibitors, diuretics, or non-steroidal-anti-inflammatory drugs (NSAIDs)
during times of fluid loss have a high risk of developing complications like acute kidney injury (AKI). The aim of this
study was to assess how often advice to discontinue high-risk medication was offered to high-risk patients
consulting the general practitioner (GP) with increased fluid loss. Furthermore, we assessed the number and nature
of the complications that occurred after GP consultation.

Methods: We performed a cross-sectional study with patients from seven Dutch general practices participating in
the Family Medicine Network between 1 and 6-2013 and 1-7-2018. We included patients who used RAAS-inhibitors,
diuretics, or NSAIDs, and had at least one of the following risk factors: age ≥ 70 years, CKD, or heart failure. From
this population, we selected patients with a ‘dehydration-risk’ episode (vomiting, diarrhoea, fever, chills, or
gastrointestinal infection). We manually checked their electronic patient files and assessed the percentage of
episodes in which advice to discontinue the high-risk medication was offered and whether a complication occurred
in 3 months after the ‘dehydration-risk’ episode.

Results: We included 3607 high-risk patients from a total of 44.675 patients (8.1%). We found that patients were
advised to discontinue the high-risk medication in 38 (4.6%) of 816 ‘dehydration-risk’ episodes. In 59 of 816
episodes (7.1%) complications (mainly AKI) occurred.

Conclusions: Dutch GPs do not frequently advise high-risk patients to discontinue high-risk medication during
‘dehydration-risk’ episodes. Complications occur frequently. Timely discontinuation of high-risk medication
needs attention.
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Introduction
Dehydration is a widespread and significant problem, that
is more prevalent in infants, elderly and athletes [1–3]. In
healthy patients, dehydration can be resolved quickly by
oral rehydration. However, in some cases, dehydration can
lead to intravascular volume depletion, which can cause

severe complications such as acute kidney injury (AKI) or
hypotension [4, 5].
Patients with pre-existent chronic kidney disease (CKD),

heart failure, and elderly patients have an increased risk of
these complications [6], especially when suffering from
concurrent illnesses that cause fluid loss such as vomiting,
diarrhoea and fever [7]. In these groups, volume regula-
tion and water and sodium homeostasis is impaired.
When patients also use drugs that inhibit the renin-

angiotensin-aldosterone-system (RAAS -inhibitors), non-
steroidal anti-inflammatory drugs (NSAIDs), or diuretics,
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this risk is even higher [6, 8]. In patients who use RAAS-
inhibitors, water and sodium retention is impaired, causing
a decrease in blood pressure and renal blood flow. RAAS-
inhibitors and NSAIDs also impair glomerular haemo-
dynamics, leading to a diminished glomerular filtration
pressure and renal function [9–12]. Patients who use di-
uretics, have a higher risk of suffering from pre-renal acute
kidney injury [13]. This is due to the fact that diuretics de-
crease extracellular volume by increasing diuresis. A mild
concurrent illness with additional fluid loss such as a period
of fever, or vomiting can trigger AKI in these patients.
This ‘cocktail’ of dangerous factors (fragile patients

using RAAS-inhibitors, NSAIDS or diuretics combined
with dehydration) has been described in multiple case
reports [6, 14, 15], and retrospective studies [16–18]. In
almost all of these cases, this cocktail ultimately led to
severe reversible kidney injury or severe hypotension
with haemodynamic collapse. The main causes of dehy-
dration were vomiting and diarrhoea.Guidelines recom-
mend to (consider to) temporarily discontinue high-risk
medication in patients at risk for dehydration to prevent
complications [4, 19, 20].
The extent and impact of these situations in general

practice is unknown. In this research we aimed to deter-
mine the number of patients at risk in general practice,
guideline adherence and the incidence of complications.

Methods
Design and setting
We performed a cross-sectional study using data from
the Family Medicine Network (FaMe-Network). FaMe-
Network is a primary care registration network, affiliated
to the Primary Care department of the Radboud Univer-
sity Medical Centre in Nijmegen, the Netherlands [21].
In 2018, this database consists of approximately 32,000
patients from 26 GPs in seven different general practices
throughout the Netherlands [22]. The GPs register all
encounters with their patients uniformly using the Inter-
national Classification of Primary Care (ICPC). For each
episode of care, defined as ‘all provided care for a spe-
cific health problem or illness in an individual during a
set time period’, all interventions are registered, includ-
ing history, physical examination, diagnostic tests, med-
ical advice, referrals and medical correspondence from
hospitals. Drug prescriptions are coded with the Ana-
tomical Therapeutical Chemical (ATC) classification. All
diagnostic tests are registered using the diagnostic assay
coding table from the Dutch College of General Practi-
tioners [23]. All encounters between GPs and their patients
are coded with a diagnosis code (i.e. ‘gastroenteritis’) and a
reason for encounter code (RFE) (i.e. ‘vomiting’). The RFE
is defined as the first complaint(s), symptom(s), or re-
quest(s) the patient mentions when consulting the GP.

Patient inclusion
Patients enlisted in the general practices between 1 and
6-2013 and 1-7-2018 were eligible for inclusion. Based
on previous studies, we defined a ‘total population at
risk’: elderly, patients suffering from heart failure, and
patients with chronic kidney disease [6, 16, 24]. We in-
cluded all patients aged ≥70, suffering from heart failure
(ICPC2-K77), and/or CKD (ICPC2-U99, and/or having
an eGFR /creatinin clearance of < 60ml/min for at least
90 days) [24], and who all used high-risk medication (di-
uretics (ATC C03*) and/or NSAIDs (ATC M01A*) and/
or RAAS-inhibitors (ATC C09*)). We named this group
the ‘total population at risk’. [6, 16, 25]
From the total population at risk, we included patients

with an encounter (consultation, house visit, consult-
ation by phone) coded with either one of the following
RFEs or diagnoses: chills (ICPC2-A02), fever (ICPC2-
A03), vomiting (ICPC2 -D10), diarrhoea (ICPC 2-D11),
gastrointestinal infection (ICPC2-D70) and gastroenter-
itis (ICPC2-D73). These encounters had to take place
while the patients used the high-risk medication. We
named these encounters ‘dehydration-risk’ encounters.
A ‘dehydration-risk’ episode was defined as one or more
related encounters of one patient about a ‘dehydration-
risk’ problem in a set time period.

Data extraction
Subsequently, for all included patients, we obtained the
electronic patient files. In these files, we manually checked
the free text, medical correspondence from the hospital
(which is included in the general practice database) and
lab results in the ‘dehydration-risk’ encounters. For these
‘dehydration-risk’ encounters we answered the following
questions:- Was the patient advised to temporarily discon-
tinue or adjust the dosage of the high-risk medication? -
Was this advice offered in the first encounter of an epi-
sode or in one of the possible follow-up encounters of this
episode?- Did a complication occur in the subsequent 3
months after the first encounter of an episode?
A complication was defined as a secondary disease or

condition (e.g. AKI or hypotension) that developed in
the course of the initial complaint (e.g. gastroenteritis).
AKI was defined as a rapid fall in glomerular filtration
rate, clinically manifest as an abrupt increase of creatin-
ine serum levels 1.5 times baseline levels which (presum-
ably) occurred in the prior 7 days or an increase of
serum creatinine levels of ≥26.5 μmol in the prior 48 h
[26]. Hypotension was defined as a decrease in systolic
or diastolic blood pressure of ≥20mmHg.
The assessment if an event should be labeled as a

complication was done by SJF. In doubt, SJF and AAU
decided in mutual consultation whether or not the event
should be labeled as a complication.
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Outcome measures
Our outcome measures were [1] the percentage of patients
with high risk of suffering from complications due to a
combination of medication use (RAAS-inhibitor and/or di-
uretic and/or NSAID) and risk factors (age and/or presence
of CKD and/or presence of heart failure) [2]; The percent-
age of high-risk patients who visit the GP with a ‘dehydra-
tion-risk’ episode [3]; The percentage of ‘dehydration-risk’
episodes in which high-risk patients were advised to tem-
porarily discontinue their medication [27]; The amount of
times a complication occurred in the subsequent 3 months
after the initial encounter.

Statistical analysis
All statistical analyses were performed using SPSS version
25 software. We carried out simple descriptive statistics to
identify the population and episode characteristics, the ad-
vice rate and the complication rate in the population.

Results
Patient characteristics
We found 3607 patients from a total of 44.675 different
patients (8.1%) who had a high risk of suffering from
complications due to a combination of medication use
and the presence of the risk factors age, heart failure, or
CKD. When adjusted to the time period the patients
were registered in the practices, we included 22.6 pa-
tients per 1000 patient-years in the ‘total population at
risk’. Table 1 shows the characteristics of these patients.
From this total population at risk, 581 patients (with a
total of 859 episodes) contacted the GP with ‘dehydra-
tion-risk’ episodes. After manually checking the free text
in these episodes, we excluded 21 episodes with chronic,
non-acute complaints, and 22 episodes with incorrectly
labeled RFE’s or diagnoses (e.g. episodes labeled with
‘vomiting’, while there was no vomiting, only heartburn).
In total, we excluded 19 patients (43 episodes). The final

study population comprised of 562 patients with 816 ‘de-
hydration-risk’ episodes (see Fig. 1). Table 2 shows the
characteristics of these episodes. When translating our
results to a standard practice of 2095 patients [28], a
general practice has on average 167 high risk patients
and there will be eight ‘dehydration-risk’ episodes each
year.

Advice rate
The GP advised to discontinue or adjust the dosage of
the high-risk medication in 38 episodes (4.6%). In 28 ep-
isodes, this advice was offered in the first encounter of
an episode. In the remaining 10 episodes, the advice was
offered in one of the follow-up encounters of an episode
in which the situation had worsened or remained the
same.
In 37 episodes, the GP referred a patient to the hos-

pital (4.5%). In 24 episodes this referral was made in the
first encounter of an episode and in 13 episodes in one
of the follow-up encounters. In the hospital, the high-
risk medication was always temporarily discontinued. In
one episode, a patient had already discontinued his diur-
etic before consulting the GP. In two episodes advice
was offered in the first encounter and in one of the
follow-up encounters the patient was referred to the
hospital because of aggravation of clinical signs. In total,
in 743 of 816 episodes (91%) neither advice to discon-
tinue or adjust the dosage of the high-risk medication
was offered nor a referral to the hospital was made.

Complication rate
During 58 of the 816 episodes a total of 59 complica-
tions occurred. Figure 2 shows that in 34 (4.2%) epi-
sodes, a complication had already occurred before or
during the first encounter of the episode. In 19 episodes
(AKI (n = 14), hypotension (n = 5)), the GP referred dir-
ectly to the hospital. In eight episodes, the GP advised
the patient to discontinue the high-risk medication. In
seven episodes, the GP applied a wait-and-see policy.
In 25 of 816 episodes (3.1%), a complication occurred

in the subsequent 3 months after a patient had con-
tacted the GP. AKI (n = 15), hypotension (n = 7) and
electrolyte disorder (n = 3). In 24 of these 25 episodes,
the complication occurred in one of the 791 patients
thought to be clinically well during the first contact. In
one of these 25 episodes, a patient had two complica-
tions; one before or during the first encounter and one
after the first encounter. In 22 of these 25 (88%) epi-
sodes the GP had not given prior advice, regarding the
discontinuation or adjustment of the medication. In
three episodes, the patients had been advised to discon-
tinue their high-risk medication, but despite this advice
AKI (n = 2) or hypotension (n = 1) occurred. In 7 of
these 25 complications, a hospital referral was needed.

Table 1 Patient characteristics of the total population at risk

Gender (women) 2000 (55.4%)a

Medication usedb

RAAS-inhibitors 2301 (63.8%)

Diuretics 2005 (55.6%)

NSAIDs 1677 (46.5%)

Combination of all drugs 451 (12.5%)

Risk factorsb

Chronic kidney disease 1142 (31.7%)

Heart Failure 665 (18.4%)

Age≥ 70 3331 (92.3%)

All risk factors 286 (7.9%)
aAll values are counts (%)
bPatients could use more than one drug and could have more than one
risk factor
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In one episode, a complication occurred as a result of
adjusting the dosage of the high-risk drug furosemide
during a period of diarrhoea. In the days that followed,
this patient suffered from dyspnoea and edema which
was attributed to decompensatio cordis due to the ad-
justment of the furosemide dosage.

Discussion
Summary of all findings
Approximately 22.6 patients per 1000 patient-years have
a high risk of suffering from complications due to a
combination of risk factors (age > 70 years, CKD, heart
failure) and medication use. In 91% of the 816 analysed
‘dehydration-risk’ episodes, GPs neither advised to adjust
the dosage of the high-risk medication nor referred to
the hospital.We observed a total of 59 complications in
816 episodes (7.1%). In 34 episodes (4.1%), complications
occurred before or during the first encounter with the
GP. (AKI (n = 14), hypotension (n = 20)). In 25 episodes
(3.1%), complications occurred after the patient had
already contacted the GP (AKI (n = 15), hypotension
(n = 7), electrolyte disorder (n = 3)). In 22 of these 25
complications the GP had not given prior advice to dis-
continue medication.

Comparison with literature
The prevalence of patients with a high risk of suffering
from complications due to a combination of risk factors,
medication use and concurrent illness in a general prac-
tice has been poorly investigated so far. Scherpbier et al.
estimated that in a standard general practice in the
Netherlands, approximately 40 patients have CKD and
use RAAS-inhibitors at the same time [6]. Our estima-
tions correspond with these findings: we estimated that
in a standard practice 167 patients have at least one of
the risk factors (age ≥ 70 years, heart failure, or CKD)
and simultaneously use a RAAS-inhibitor, NSAID, or di-
uretic [29]. In total, 41 of those patients suffer from
CKD while using RAAS-inhibitors.
The occurrence of complications due to the ‘cocktail’

of dangerous factors like age, medication use, and con-
current illness has been described frequently in case re-
ports [6, 14, 15]. However, the number of complications
in general practice remained unclear. In the cohort study
performed by Stirling et al. [15] 2398 admissions in a
UK hospital were included. Of this cohort, 30 high-risk
patients suffered from AKI while using RAAS-inhibitors,
six (20%) of these patients were volume depleted due to
gastrointestinal complaints. In these six patients, the
volume depletion in combination with using RAAS-

Fig. 1 Flowchart of the inclusion process of the final study population
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inhibitors was the probable cause of AKI. These num-
bers indicate that a significant part of the patients that
suffer from AKI use RAAS-inhibitors and are volume
depleted. Our study confirms this with a complication
rate of 7.1% of all episodes with patients that use RAAS-
inhibitors, diuretics, or NSAIDs while being volume
depleted.

Strengths and limitations
The strengths of this study are the relatively long obser-
vational period of 5 years and the quality of registration
in the FaMe-Network, which is high due to intensive
education and training of the participating GPs and doc-
tor’s assistants. Furthermore, we manually checked the
medical records in which all notes, lab results, drug pre-
scriptions and medical correspondence are available.
This gave us a more detailed view of what happened to
the patients instead of only relying on the coded infor-
mation registered in the FaMe-Network. This study also
has limitations. Because of the small numbers of patients
in the medication-discontinuation group, we could not
statistically compare outcome measures between the
group of patients with ‘dehydration-risk’episodes’ who

continued their medication and the group who discon-
tinued their medication. Furthermore, in some cases, it
was hard to establish whether or not a complication had
occurred, or advice was offered. This was due to the fact
that some notes by the GP or doctor’s assistants were
very brief. For example, if blood pressure was not mea-
sured, it was unknown whether hypotension occurred.
Moreover, it is possible that patients experience only few
symptoms, that improve over time, and therefore do not
encounter their GP. Another limitation is the small
amount of practices analysed, which lowers the general-
isability. The prevalence of patients with CKD and the
percentage of elderly (≥70 years) in the included prac-
tices is significantly lower (1.5 and 8.5% respectively)
than in the overall Dutch population (12 and 23%
respectively) [20, 28]. Therefore, we expect even more
high-risk patients and more complications in general
Dutch population.

Implications for future research
An important subject for future research is to analyse
the cause of the current low advice rate. This low advice
rate could be explained by an insufficient awareness of
the GP regarding the risks of continuing high-risk medi-
cation during fluid loss. Another explanation could be
that GPs fear complications due to the discontinuation
of high-risk medication or that GPs consciously decide
not to discontinue medication because of results of
physical investigation.

Clinical impact
We calculated that, in a standard Dutch General prac-
tice, approximately eight high-risk patients each year
contact the GP for a complaint in which – according to
the guidelines - the GP should advise the patient to
(temporarily) discontinue their high-risk medication in
order to prevent complications. Currently, in 91% of all
episodes neither advice is offered, nor a referral is made.
We do not know in what percentage the GP did con-
sider offering the advice, but consciously decided to con-
tinue medication. In the free text, we found 10 episodes
in which the GP noted the reason for continuing the
high-risk medication. It is possible that GPs made this
consideration more often, but did not write this down in
the medical record.
The overall complication rate of 7.1% means that in

every 14 ‘dehydration-risk’ episodes in high-risk patients
one complication occurs (58 complications in 816 epi-
sodes, so 1 complication in 14 episodes). We believe this
is a significant amount with a high clinical importance.
A part of these complications could possibly have been
prevented when the GPs advise their patients to tempor-
arily discontinue high-risk medication during times of
fluid loss and a part of these complications could have

Table 2 Contact characteristics for all episodes

Characteristics All episodes (n = 816)

Number of individual patients 562a

Age of patients at first contact of episode 79.4 (47–100)b

Gender of patients c(women) 333 (59.3%)

Medication used during first contact of episodesd

RAAS-inhibitors 590 (72.3%)

Diuretics 471 (57.7%)

NSAIDs 99 (12.1%)

Combination of all drugs 19 (2.3%)

Most frequent RFEs

Diarrhoea (D11) 312 (38.2%)

Fever (A03) 245 (30%)

Vomiting (D10) 156 (19.1%)

Most frequent diagnoses

Diarrhoea (D11) 173 (21.2%)

Gastroenteritis (D73) 133 (16.3%)

Fever (A03) 87 (10.7%)

Risk factors of patients during first contact of episoded

Chronic kidney disease 281 (34.4%)

Heart Failure 239 (29.3%)

Age≥ 70 728 (89.2%)

All risk factors 100 (12.3%)
aAll values are counts (%), unless otherwise specified
bmean (range)
cAs proportion of all individual patients (n = 562)
dPatients could use more than one drug and could have more than one
risk factor
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been prevented by clear patient instructions at the mo-
ment of the first prescription of the high-risk medication.
Therefore, we recommend education in this field for

GPs and their assistants and clear instructions for patients
when to temporarily discontinue high-risk medication.

Conclusion
Dutch GPs do not frequently advise high-risk patients to
discontinue high-risk medication during ‘dehydration-risk’
episodes. Unfortunately, complications such as acute kid-
ney injury do occur. Timely discontinuation of high-risk
medication needs more attention in general practice in
order to prevent drug-related complications.
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