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Abstract

Aims

The primary aims were to determine the rate of potential drug-drug interactions (pDDIs) in

patients with nasally placed feeding tubes (NPFT) and the factors significantly associated

with pDDIs. The secondary aim was to assess the change in pDDIs for patients between

admission and discharge.

Material and methods

This multicentre study applied a cross-sectional design and was conducted in six Brazilian

hospitals, from October 2016 to July 2018. Data from patients with NPFT were collected

through electronic forms. All regular medications prescribed were recorded. Medications

were classified according to the World Health Organization (WHO) Anatomical Therapeutic

Chemical code. Drug-drug interaction screening software was used to screen patients’ med-

ications for pDDIs. Negative binomial regression was used to account for the over dispersed

nature of the pDDI count. Since the number of pDDIs was closely related to the number of

prescribed medications, we modelled the rate of pDDIs with the count of pDDIs as the

numerator and the number of prescribed medications as the denominator; six variables

were considered for inclusion: time (admission or discharge), patient age, patient gender,

age-adjusted Charlson Comorbidity Index (CCI) score, type of prescription (electronic or

handwritten) and patient care complexity. To account for correlation within the two time

points (admission and discharge) for each patient a generalised estimating equations

approach was used to adjust the standard error estimates. To test the change in pDDI rate

between admission and discharge a full model of six variables was fitted to generate an

adjusted estimate.
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Results

In this study, 327 patients were included. At least one pDDI was found in more than 91% of

patients on admission and discharge and most of these pDDIs were classified as major

severity. Three factors were significantly associated with the rate of pDDIs per medication:

patient age, patient care complexity and prescription type (handwritten vs electronic). There

was no evidence of a difference in pDDI rate between admission and discharge.

Conclusion

Patients with a NPFT are at high risk of pDDIs. Drug interaction screening tools and comput-

erized clinical decision support systems could be effective risk mitigation strategies for this

patient group.

Introduction

Many patients receive enteral nutrition, liquid and medications through short-term enteral

access devices. The number of patients with a nasally placed feeding tube (NPFT) in hospitals

and at home is increasing worldwide due to the increasing number of older adults with Alzhei-

mer disease or other dementias, patients with poor swallowing reflexes and nutritional status,

and the shift in care provision from acute to community settings [1–3]. However, the majority

of tube-fed patients are on medications that require special precautions, thus posing pharma-

ceutical challenges in the delivery of medications usually delivered by the oral route [4]. For

instance, patients using more than five drugs have greater chance of having their NPFT

exchanged due to clogging [5]. In addition, most of these patients suffer from various comor-

bidities and the complex polypharmacotherapy used to treat their chronic diseases makes

patients with NPFT vulnerable to drug-drug interactions (DDIs) (typically defined as a change

in the effect of a drug when it is taken together with another drug and may involve an increase

in the action of either drug, a decrease in drug efficacy, a delay in drug absorption rate, or an

unexpected harmful side effect) [6].

DDIs in susceptible hospitalized patients are one of the major causes of preventable adverse

drug events caused by drugs [7]. DDIs account for up to 5% of hospital admissions per year,

can lead to an increase in the length of hospital stay, and result in higher costs associated with

healthcare [8].

The prevalence of potential drug-drug interactions (pDDIs) in general inpatients has been

reported to be between 16.3% and 71.1%, with a mean range of 0.3 to 4.5 per patient [9]. Drug

regimen changes during hospital admission or discharge have also been associated with an

increased number of pDDIs [10,11], exposing patients to significant risks.

The consequences of a DDI are an important safety concern. Identifying patients with

pDDIs might optimise the allocation of targeted care and improve patient outcomes.

Several single-centre studies have identified the prevalence of pDDIs in general inpatients,

however, there are no studies reporting on pDDIs rates among patients with NPFT across mul-

tiple hospital sites and at a national level. Furthermore, previous studies have not evaluated the

use of risk-adjustment measures that would allow adjustment for confounders for the occur-

rence of pDDIs on admission and discharge.

The primary aims of this study were to determine the rate of pDDIs in patients with NPFT

and the factors significantly associated with pDDIs, with potential factors including regimen
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change (admission or discharge), patient age, patient gender, age-adjusted Charlson Comor-

bidity Index (CCI) score, type of prescription (electronic or handwritten) and patient care

complexity. The secondary aim was to assess the change in pDDI rate for patients between

admission and discharge, adjusted for other potentially confounding factors.

Materials and methods

Study design

This paper is part of a broader research project on feeding tube-related incidents. This was a

multicentre study with a cross-sectional design.

Setting

Six centres across Brazil participated in this study; the centres included a mix of community

and university hospitals, hospitals with and without residency programs, and public and pri-

vate hospitals; they also varied in size. The hospitals were as follows: Acre Hospital of Clinics—

HCA (Acre), General Hospital of Fortaleza—HGF (Ceará), Hospital of Clinics of the Medical

School of Ribeirão Preto of the University of São Paulo—HCFMRP-USP (São Paulo), Américo

Brasiliense State Hospital—HEAB (São Paulo), São Vicente de Paulo Hospital—HSVP (Minas

Gerais), and Santa Cruz Hospital—HSCRGS (Rio Grande do Sul). The medical wards of these

hospitals were chosen for this study because many adult patients in these wards have chronic

conditions and require enteral nutrition and medications through NPFT.

Three of the hospitals use an electronic system for prescribing, however the systems do not

include any decision support for DDIs (e.g. DDI alerts). Monitoring of patients’ profiles for

pDDIs is not part of routine clinical practice in the study hospitals.

Participants

The inclusion criteria were patients older than 18 years; who were admitted to an internal

medical ward with a nasally placed gastric tube or small-bowel feeding tube (or patients who

required the insertion of these tubes during hospitalization); and patients that were hospital-

ized for at least 24 hours. Patients meeting the above inclusion criteria who were re-admitted

during the study period were only counted for their first admission.

Sample size was determined by stratified random sampling with proportional allocation by

strata, where each stratum was formed by the units of each hospital. Adopting the parameters

of relative error of 20%, level of significance of 5% and the total population of 4,573 patients

with a short-term NPFT in a period of six months, a total sample size of 281 patients was

calculated.

Instruments

Data collection tools were composed of electronic forms which were developed by the research

team, and assessed for face and content validity by a panel of experts. The forms were devel-

oped in the Portuguese language using an online platform (Survey Monkey). The experts were

selected through an analysis of existing curricula in the database of the Brazilian National

Council for Scientific and Technological Development (CNPq) and were invited to provide

their expertise on the design of the forms. Links to the electronic forms were made available to

experts to obtain consensus and to determine the final content of the forms. The modified

forms were pilot tested prior to being finalized. This involved the forms being applied to five

hospitalized patients from the first day of use of NPFT until patient discharge.
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Database used for pDDI detection and data collection

Data were collected from October 2016 to July 2018. All regular medications prescribed were

recorded within the first 24 hours after admission and within 24 hours before discharge,

regardless of whether medications were administered or not. When a patient was prescribed a

drug in different dosing regimens (e.g. rapid- and moderate-acting insulin), the agent was

counted only once [12]. We excluded medications given topically (such as enemas, eye drops,

creams, gels, moisturizers, nicotine, nystatin) and contrast prescriptions (i.e. contrast for cere-

bral angiography).

Potential interactions between drugs and enteral nutrition or foods were not assessed,

because they were beyond the scope of this study. Drugs which were prescribed more than

once for the same patient were counted only once. A drug-drug interaction screening software

[13] was used to screen patients’ profiles for pDDIs because it is a highly reliable software for

detecting DDIs, which possesses sufficient sensitivity (� 83%) and specificity (� 90%) [14]. In

addition, this software is available in the journal portal of the Coordination of Improvement of

Higher-Level Personnel—CAPES, Brazil, and thus it is easily accessed by hospital staff.

All drugs in a patient’s medication profile were entered one by one into the DDI screening

software. The software displays all interacting combination(s) present in the medication pro-

file. It also provides information about the mechanism and potential adverse outcomes of an

interaction [15]. All identified pDDIs were categorized on the basis of their levels of onset

(immediate, rapid, delayed, and unknown), severity (contraindicated, major, moderate, minor

and unknown), and documentation (excellent, good, fair, and unknown), as described by the

software [16].

The primary reason for hospital admission was coded according to the World Health Orga-

nization (WHO) International Classification of Diseases, 10th revision (ICD-10). Severity of

comorbid diseases was evaluated using the CCI [17]. It measures the severity of the patient,

regardless of the main diagnosis, and it is able to predict the one-year mortality of patients.

The final score is the result of the sum of the weights assigned to the comorbidities recorded as

secondary diagnoses; the higher the score, the greater the risk of the patient dying. In our

study, the CCI was adjusted according to the patient’s age, so that, from the age of 50, a point

was added to the final score for every decade of life [17]. Based on the final age-adjusted CCI

score, patients were divided into three groups: mild risk of death (with CCI scores of 1–2);

moderate risk of death (with CCI scores of 3–4); and severe risk of death (with CCI

scores� 5) [18].

Patient care complexity was assessed by an experienced nurse, using the Patient Classifica-

tion System (PCS) [19]. The PCS is recommended by the Federal Nursing Council, Brazil [20],

and it was developed to classify patients according to the degree of dependence on nursing

care. This instrument has nine critical indicators: mental state, oxygenation, vital signs, mobil-

ity, ambulation, feeding, body care, elimination and therapeutics. Therefore, the scores are dis-

tributed in five categories that correspond to the complexity of nursing assistance: minimum

care (scores of 9–14), intermediate care (scores of 15–20), high-dependency care (scores of 21–

26), semi-intensive care (scores of 27–31), and intensive care (scores > 31) [19].

Data analysis

Patient-related data were downloaded from the Survey Monkey platform into a computer file

by the principal investigator. Data were analysed using the Statistical Package for the Social

Program Sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, USA) and version 9.4 of the

SAS system for Windows (SAS Institute Inc., Cary, NC, USA). For data analyses, medications

were also classified according to the WHO Anatomical Therapeutic Chemical (ATC) code.
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Since the number of pDDIs was closely related to the number of prescribed medications,

we modelled the rate of pDDIs with the count of pDDIs as the numerator and the number of

prescribed medications as the denominator. This quantifies the pDDI risk independent of the

number of prescribed medications and was done through negative binomial regression to

account for the over dispersed nature of the pDDI count. Six variables were considered for

inclusion: time (admission or discharge), patient age, patient gender, age-adjusted CCI score,

type of prescription (electronic or handwritten) and patient care complexity. All variables

were initially included and were subsequently removed one by one using a backwards change-

in-estimates approach [21]. Any variable removal causing less than a 20% change in all

remaining estimates was deleted. To account for correlation within the two time points for

each patient a generalised estimating equations approach was used to adjust the standard error

estimates. Of the 654 data points (two per patient), 9 were omitted from the model due to

missing covariate values. A plot of deviance residuals against predicted values indicated

approximate symmetry around zero. The ratio of deviance to degrees of freedom was not sig-

nificantly different from one (p = 0.96).

To test the change in pDDI rate between admission and discharge a full model of all six var-

iables was fitted to generate an adjusted estimate. Again, the rate was modelled with negative

binomial regression, but this time a random intercepts approach was used to generate a subject

specific estimate of the change over time.

Ethics

The study was approved by the Research Ethics Committee of the University of São Paulo at

Ribeirão Preto College of Nursing, according to Resolution No. 466/2012, of the National

Council of Ethics in Research of the Brazilian Ministry of Health, which addresses research

ethics with humans (CAAE: 56166016.1001.5393) and written informed consent was obtained

from each patient, or their guardian, prior to enrolment in the study.

Results

327 patients with NPFT were included in the analyses. From those, 183 (56.0%) were admitted

withouth a NPFT and 144 (44.0%) were admitted with a NPFT. The patient sample consisted

mostly of males (176, 53.8%), was elderly (aged 60 years or more), with a mean length of hospi-

tal stay of 18 days. The main reasons for hospitalization were “IX Diseases of the circulatory

system” (76, 23.2%), “II Neoplasm” (53, 16.2%), and “X Diseases of the respiratory system”

(40, 12.2%). The most common comorbidity was peripheral vascular disease (81, 24.8%), fol-

lowed by cerebrovascular disease (57, 17.4%), diabetes without complication (40, 12.2%) and

metastatic solid tumour (35, 10.7%). Most patients had at least one comorbidity (122, 67.9%),

were at severe risk of death (141, 43.1%), with a mean age-adjusted CCI score of 4.25 (± 2.77),

and were highly dependent on nurse care (115, 35.4%) (Table 1) (S1 Table).

The mean number of medications prescribed, per patient, using the electronic system was

higher on admission (mean 9.86 medications, SD 3.56) and discharge (mean 10.10 medica-

tions, SD 3.73), when compared to handwritten prescriptions (mean 7.36 medications, SD

3.50 and mean 6.40 medications, SD 4.08, respectively).

Patients had 2,057 pDDIs on admission (mean 6 pDDIs, SD 5.51) and 2,232 pDDIs on dis-

charge (mean 7 pDDIs, SD 6.57). At least one pDDI was found in 307 (93.9%) patients on

admission and in 299 (91.4%) patients on discharge. We identified 581 and 632 different drug

pairs on admission and discharge respectively (Table 2) (S2 Table).

In 71 patients (21.7%), the number of pDDIs remained the same on admission and dis-

charge; 122 (37.3%) patients experienced fewer pDDIs on discharge compared to admission,
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while the remaining patients (134, 41%) had more pDDIs on discharge than admission,

although 106 (79.1%) of these patients had more medications prescribed on discharge.

The onset of the pDDIs was classified as delayed in 341 (16.6%) on admission and in 395

(17.7%) on discharge. In relation to the severity of pDDIs, more than 63% were classified as

major, both on admission (1,309, 63.7%) and discharge (1,427, 63.9%). With respect to docu-

mentation, the majority of pDDIs identified during both admission and discharge were con-

sidered fair (Table 3) (S2 Table).

The rate of pDDIs per medication was lower for older age groups compared to those aged

less than 55, with patients aged 65 or older being significantly lower (rate ratios [RR] 0.78 or

0.80) (Table 4) (S3 Table). The rate was higher for patients with a non-zero (�1) age-adjusted

CCI score, but this was not significant, although the variable overall met the inclusion criteria

for the model. Where health facilities used an electronic prescribing system, the rate of pDDIs

was 62% higher on average than handwritten prescribing systems (RR 1.62, 95% CI 1.38, 1.90).

Compared to patients requiring minimal care, the pDDI rate was significantly higher for all

Table 1. Patient characteristics (N = 327).

Variables N patients %

Patient Age

<55 92 28.1

55 −<65 58 17.7

65 −<75 89 27.2

�75 88 26.9

Gender

Male 176 53.8

Female 151 46.2

The three-primary reason for hospital admission—ICD-10

IX Diseases of the circulatory system 76 23.2

II Neoplasms 53 16.2

X Diseases of the respiratory system 40 12.2

The four most frequent comorbiditiesa

Peripheral vascular disease 81 24.8

Cerebrovascular disease 57 17.4

Diabetes without complication 40 12.2

Metastatic solid tumor 35 10.7

Age-Adjusted Charlson Comorbidity Index (CCI)

Severe risk of death (with CCI scores� 5) 141 43.1

Moderate risk of death (with CCI scores of 3–4) 92 28.1

Mild risk of death (with CCI scores of 1–2) 64 19.6

No risk of death (with CCI score equal to 0) 29 8.9

Patient Care Complexity

High-dependency (scores of 21–26) 115 35.2

Intermediate (scores of 15–20) 86 26.3

Minimum (scores of 9–14) 53 16.2

Semi-intensive (scores of 27–31) 52 15.9

Intensive (scores > 31) 14 4.3

SD, standard deviation; ICD-10, International Classification of Diseases, 10th revision; CCI, Charlson Comorbidity

Index.
aPatients could have more than one comorbidity.

https://doi.org/10.1371/journal.pone.0220248.t001
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other levels of patient complexity, with the highest for high-dependency care (RR 1.44, 95% CI

1.18, 1.75).

The crude rate of pDDIs per prescribed medication was 0.68 on admission and 0.73 on dis-

charge. The number of prescribed medications was very similar on admission and discharge,

with means of 9.31 and 9.29, respectively. The mean difference between numbers of medica-

tions on admission and discharge was -0.02. The adjusted estimate of the difference in rate of

pDDIs showed that the rate was 5% higher on discharge compared to admission (rate ratio

1.05, 95% CI 0.98, 1.12), but this was not a significant difference (p = 0.14).

Discussion

The occurrence of pDDIs in patients with NPFT found in this study was much higher (more

than 90% of patients) than those in other studies for patients from internal medical wards

(from 34.4% to 78.2%), both on admission and discharge [11,15,22–26]. In our study, over

60% of all pDDIs were classified as major severity, which is higher than in other studies of

both inpatients [22,23,26] and outpatients [27]. All patients require close surveillance for

pDDIs, especially those patients with NPFT. In this study, patients with NPFT were taking a

large number of medications on admission and discharge, with a mean of 9.31 and 9.29,

respectively. These results are higher than those found in previous studies conducted in gen-

eral medicine wards (4–7 medications) [22–26,28], thus healthcare professionals should be

aware of this risk and use effective risk mitigation strategies for this patient group in order to

improve patient outcomes.

DDIs, when they occur, can lead to increased hospital stay and to increased overall health

care costs, thus they should be checked in patients with NPFT, as this can be effective in reduc-

ing adverse drug events and in improving patient outcomes.

Table 2. Characteristics of potential drug-drug interactions (pDDIs) on admission (N = 2,057) and discharge (N = 2,232).

Characteristics Admission Discharge

n % n %

Patients with� 1 pDDIs 307 93.9 299 91.4

pDDI per patient—median ± SD (range) 6 ± 5.51 (0–26) - 7 ± 6.57 (0–34) -

Time of Onset of pDDIs

Not Specified 1.604 78 1,733 77.6

Delayed 341 16.6 395 17.7

Rapid 110 5.3 104 4.7

Unknown 1 0 0 0

Severity of pDDIs

Major 1,309 63.7 1,427 63.9

Moderate 574 27.9 611 27.4

Contraindicated 108 5.2 131 5.9

Minor 64 3.1 63 2.8

Unknown 1 0 0 0

Documentation of pDDIs

Fair 1,251 60.8 1,406 63

Good 506 24.6 520 23.3

Excellent 298 14.5 306 13.7

Unknown 1 0 0 0

SD, standard deviation

https://doi.org/10.1371/journal.pone.0220248.t002
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We found that the risk of pDDI per medication approximately decreased with age. Model-

ling the pDDI count, as done in some other studies, showed a similar result [22]. The variable

"age" is used in several risk stratification tools, but results from previous studies showed that its

impact on increased risk for pDDIs is still unclear. For instance, studies conducted in an emer-

gency department in the Caribbean [29] and internal medicine wards in hospitals in Pakistan

[15] and South India [22] showed that older patients (age of 60 years or more) were more likely

to have pDDIs. While, a study conducted in the internal medicine ward of Tikur Anbessa spe-

cialized hospital found no association between patient age and exposure to pDDIs [26]. Thus,

a plausible explanation for our result could be the influence of other risk factors that may

increase younger patients’ exposure to pDDI, including drug class prescribed, multiple pre-

scribers, the primary reason for hospital admission, and severity of comorbidities [30–32].

However, true causes of this phenomenon remain to be elucidated by future, targeted

research.

In our study, we found no strong evidence that the age-adjusted CCI score categories affect

the rate of pDDI, and this effect persisted when CCI was included as binary (0 vs. 1 or more)

or continuous. However, it met the inclusion criteria of the model, indicating that it is a con-

founder of other variables. Previous studies have showed that the CCI score is a risk factor of

pDDIs [32, 33], but applying their analysis methods to our data the CCI effect remained non-

significant.

Compared to patients requiring minimal care, the pDDI rate was significantly higher for all

other levels of patient care complexity, with the highest rate observed for high-dependency or

intensive care patients. These patient groups had more prescribed medications and greater

Table 3. The ten most common pDDIs in patients with NPFT on admission (N = 2,056) and discharge

(N = 2,232).

Drug-Drug Combination Severity Documentation Frequency

n %

Admission (N = 2,056)

Dipyrone - - Heparin Sodium Major Fair 83 4

Dipyrone - - Enoxaparin Sodium Major Good 82 4

Aspirin - - Dipyrone Major Excellent 66 3.2

Bromopride - - Tramadol Hydrochloride Major Fair 44 2.1

Insulin Human Regular - - Metoclopramide Major Fair 41 2

Dipyrone - - Furosemide Major Good 36 1.7

Aspirin - - Heparin Sodium Major Fair 30 1.5

Dipyrone - - Losartan Potassium Moderate Excellent 29 1.4

Aspirin - - Insulin Human Regular Moderate Fair 25 1.2

Morphine Sulfate - - Ondansetron Major Fair 24 1.2

Discharge (N = 2,232)

Dipyrone - - Heparin Sodium Major Fair 78 3.5

Dipyrone - - Enoxaparin Sodium Major Good 62 2.8

Aspirin - - Dipyrone Major Excellent 48 2.1

Dipyrone - - Furosemide Major Good 40 1.8

Bromopride - - Morphine Sulfate Major Fair 38 1.7

Insulin Human Regular - - Metoclopramide Major Fair 35 1.6

Dipyrone - - Sertraline Hydrochloride Major Excellent 34 1.5

Bromopride - - Tramadol Hydrochloride Major Fair 33 1.5

Morphine Sulfate - - Ondansetron Major Fair 26 1.2

Aspirin - - Heparin Sodium Major Fair 25 1.1

https://doi.org/10.1371/journal.pone.0220248.t003
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pDDI risk per medication, making them considerably more vulnerable to the occurrence of

any pDDI. We found no studies correlating the Brazilian system used to classify patients

according to the degree of dependence on nursing with risk of pDDIs; however, previous stud-

ies have shown that critical care patients are at increased risk of pDDIs because they present

with severe and life-threatening illnesses. Most of them suffer from various comorbidities, and

they usually receive complex pharmacotherapy which increases the risk of DDIs [32,34–36].

Where health facilities used an electronic prescribing system, the rate of pDDIs per pre-

scribed medication was 62% higher on average than handwritten prescribing systems. In addi-

tion, the electronic system had both more medications prescribed per patient and more pDDIs

per medication, representing an even higher risk of patient experiencing any pDDI. The num-

ber of medications prescribed tends to be lower in handwritten systems (5.23–8.2 medications)

[37–39] compared to facilities using electronic prescribing systems (8.9–10 medications)

[12,40], as was the case in our study. Thus, the increased number of medications in electronic

system combined with the increased risk of pDDI per medication indicates an area of concern

for such systems as contributors to pDDI risk. Experts call attention to the importance of the

implementation of electronic prescribing systems with computerized alerts for this purpose

[41–43]. However, these alerts can be disruptive and can become sources of annoyance and

frustration when used instinctively, resulting in automation bias and leading to decision

errors [9]. Opportunities to improve DDI alerting include using differential displays based on

severity, establishing improved lists of clinically significant DDIs, and thoroughly reviewing

organizational implementation decisions regarding DDIs. Alerts properly developed and

implemented have the potential to prevent adverse drug events and improve patient safety,

Table 4. Estimated ratios of pDDI rate per prescribed medication in patients with NPFT, from a negative bino-

mial regression model.

Variable N patientsa Rate ratio (95% CI) p-value

Patient age

<55 (reference) 92 1

55 −<65 58 0.91 (0.76, 1.10) 0.35

65 −<75 89 0.78 (0.65, 0.94) 0.01

�75 88 0.80 (0.66, 0.96) 0.02

Age-adjusted CCI

0 (reference) 29 1

1–2 66 1.15 (0.91, 1.46) 0.23

3–4 90 1.18 (0.90, 1.55) 0.22

�5 141 1.18 (0.91, 1.52) 0.22

Prescription type

Handwritten (reference) 72 1

Electronic 255 1.62 (1.38, 1.90) <0.001

Patient care complexity

Minimal care (reference) 53 1

Intermediate Care 86 1.28 (1.04, 1.57) 0.02

Semi-intensive care 52 1.40 (1.12, 1.74) 0.003

Intensive Care 14 1.40 (1.09, 1.80) 0.01

High-dependency care 115 1.44 (1.18, 1.75) <0.001

CI, confidence interval; CCI, Charlson Comorbidity Index.
aFor age-adjusted CCI score and patient care complexity, counts do not sum to the total of 327 patients due to

missing values for 1 and 2 patients, respectively.

https://doi.org/10.1371/journal.pone.0220248.t004
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thus, institutions should carefully review their DDIs alerting approaches and a national and

international alerting strategy for DDIs should be considered [7,44,45].

The adjusted rate of pDDIs per prescribed medication was non-significantly higher at dis-

charge compared to admission. Few studies have compared the occurrence of pDDIs at these

two time points (admission and discharge), but those that have, showed an increase in the pro-

portion of patients with any pDDI on discharge [11,46]. However, these effects were related to

a corresponding increase in the number of prescribed medications on discharge, and it is not

clear that there was an increase in the risk of pDDI per medication in both time points.

It is expected that patients’ drug regimens change during hospitalisation particularly when

they are seriously ill or are deteriorating [38]. However, patients’ exposure to pDDIs on dis-

charge raises a safety concern. A previous study of DDIs in a cohort of hospitalized elderly

patients in Milan, Italy, found a significant association with mortality at 3 months after dis-

charge in patients with at least two potentially severe DDIs during hospitalization [47]. A ret-

rospective study of 1,487 adult patients admitted to a general hospital in the North-eastern

region, Brazil, suggested an association between prior drug interactions and risk of hospital

readmission [48].

In medical practice, it is quite common to intentionally use drug combinations that may

interact because the risk-benefit may be positive to treat patients with complex healthcare

needs. Therefore, the decisions taken by doctors to minimize pDDIs’ impact on their patients

should be determined on an individual basis, and this requires careful evaluation of the

risk-benefit ratio between treatment discontinuation vs. continuation but with close monitor-

ing [49].

Potential DDIs in patients with NPFT may be due to the reduced formulary of medications

available that are suitable to be used with NPFT, as is the case in many Brazilian hospitals.

Thus, it can be difficult for prescribers to find a non-interacting drug for administration to a

patient with NPFT. Prescribers may consider other form selection and routes, such as endove-

nous, transdermal, rectal or topical [50], although not all drugs are available via these routes.

Despite there are pDDIs, this risk may be clinically necessary in order to treat the patient’s

clinical conditions, for example, there may be a pDDI with a medication and an antibiotic for

pneumonia. However, the risk of not treating pneumonia outweighs the risk of the pDDI.

Physicians, pharmacists, and nurses should be aware of possible factors that may increase the

risk for DDIs in hospitalized patients. The results of this study show that patients with NPFT

need an individualized and more rigorous evaluation of their drug therapy, especially patients

that require intensive care. Thus, appropriate patient monitoring and clinical management

procedures are essential for minimizing and preventing potential adverse outcomes [34],

including periodic evaluation of the patients’ drug regimens, dose adjustments and dosing

changes, control of the drugs’ serum levels, and monitoring of patients’ clinical conditions

[51,52].

Limitations and strengths

All drugs prescribed on admission and discharge were included in the analysis, whether they

were administered or not, which may have increased the rate of pDDIs. Although dose may

impact interactions, duplicated agents were excluded from our analyses. However, our find-

ings provide a baseline rate of pDDIs and useful information on factors related to pDDIs in

hospitalized medical ward patients with NPFT. To our knowledge, this is the first large scale

study in Brazil and in Latin America documenting the prevalence of pDDIs in internal medi-

cine wards. It is also the first study to examine DDIs in patients with NPFT and to analyse

pDDIs as a rate per prescribed medication.
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Conclusion

More than 90% of patients with NPFT are exposed to at least one pDDI during their hospital

stay and most of them are severe. In addition, the average number of pDDIs per patient was

high. Factors associated with risk of pDDI per prescribed medication comprised age, high care

complexity and the use of electronic prescribing systems in care facilities. There was no evidence

of a difference in rate of pDDIs per prescribed medication between admission and discharge.

Drug interaction screening tools and computerized clinical decision support systems can be

effective risk mitigation strategies for potentially relevant DDIs in patients with NPFT. How-

ever, it is equally important to empower front-line healthcare professionals to monitor for

pDDIs, especially pharmacists and nurses, to raise awareness and prevent harm to patients

who are at risk of pDDIs. Future work is needed to determine the real harm pDDIs inflict on

patients.
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11. Fokter N, Možina M, Brvar M. Potential drug-drug interactions and admissions due to drug-drug interac-

tions in patients treated in medical departments. Wien Klin Wochenschr. 2010 Feb; 122(3):81–8.

12. Stoll P, Kopittke L. Potential drug-drug interactions in hospitalized patients undergoing systemic chemo-

therapy: a prospective cohort study. Int J Clin Pharm. 2015 Jun; 37(3):475–84. https://doi.org/10.1007/

s11096-015-0083-6 PMID: 25711852

13. Thomson Reuters (Healthcare). Micromedex Drug-Reax® System [database on CD-ROM]. Volume

148. Greenwood Village, Colo: Thomson Reuters (Healthcare) Inc. 2011.

14. Vonbach P, Dubied A, Krahenbuhl S, Beer JH. Evaluation of frequently used drug interaction screening

programs. Pharm World Sci. 2008 Aug; 30(4):367–74. https://doi.org/10.1007/s11096-008-9191-x

PMID: 18415695

15. Ismail M, Iqbal Z, Khattak MB, Khan MI, Arsalan H, Javaid A, et al. Potential drug-drug interactions in

internal medicine wards in hospital setting in Pakistan. Int J Clin Pharm. 2013 Jun; 35(3):455–62.

https://doi.org/10.1007/s11096-013-9764-1 PMID: 23483444

16. Thomson Reuters (Healthcare). IBM Micromedex® user guide. Copyright IBM Corporation; 2018.

17. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity

in longitudinal studies: development and validation. J Chronic Dis. 1987; 40(5):373–83. PMID:

3558716

Nasally placed feeding tube & potential drug-drug interactions

PLOS ONE | https://doi.org/10.1371/journal.pone.0220248 July 31, 2019 12 / 14

https://doi.org/10.3390/nu7042524
http://www.ncbi.nlm.nih.gov/pubmed/25856223
https://doi.org/10.1001/jama.290.1.73
http://www.ncbi.nlm.nih.gov/pubmed/12837714
https://doi.org/10.1177/0148607116673053
http://www.ncbi.nlm.nih.gov/pubmed/27815525
https://doi.org/10.1093/ageing/afq037
https://doi.org/10.1093/ageing/afq037
http://www.ncbi.nlm.nih.gov/pubmed/20444806
https://doi.org/10.1007/s11096-008-9268-6
http://www.ncbi.nlm.nih.gov/pubmed/19031008
https://doi.org/10.1038/srep17357
https://doi.org/10.1038/srep17357
http://www.ncbi.nlm.nih.gov/pubmed/26612138
https://doi.org/10.1093/jamia/ocw114
http://www.ncbi.nlm.nih.gov/pubmed/27570216
https://doi.org/10.1007/s00228-017-2357-5
http://www.ncbi.nlm.nih.gov/pubmed/29058038
https://doi.org/10.1007/s11096-015-0083-6
https://doi.org/10.1007/s11096-015-0083-6
http://www.ncbi.nlm.nih.gov/pubmed/25711852
https://doi.org/10.1007/s11096-008-9191-x
http://www.ncbi.nlm.nih.gov/pubmed/18415695
https://doi.org/10.1007/s11096-013-9764-1
http://www.ncbi.nlm.nih.gov/pubmed/23483444
http://www.ncbi.nlm.nih.gov/pubmed/3558716
https://doi.org/10.1371/journal.pone.0220248


18. Huang YQ, Gou R, Diao YS, Yin QH, Fan WX, Liang YP, et al. Charlson comorbidity index helps predict

the risk of mortality for patients with type 2 diabetic nephropathy. J Zhejiang Univ Sci B. 2014 Jan;

15(1):58–66. https://doi.org/10.1631/jzus.B1300109 PMID: 24390745

19. Fugulin F. [Sizing of nursing personnel: evaluation of the staff of hospitalization units of a teaching hos-

pital] [dissertation]. São Paulo (SP): School of Nursing, University of São Paulo; 2002. Portuguese.

20. Federal Nursing Council. [Resolution COFEN n˚293/2004]. Rio de Janeiro (RJ): COFEN; 2004.

Portuguese.

21. Greenland S. Modeling and variable selection in epidemiologic analysis. Am J Public Health. 1989 Mar;

79(3):340–9. https://doi.org/10.2105/ajph.79.3.340 PMID: 2916724

22. Ahmad A, Khan MU, Haque I, Ivan R, Dasari R, Revanker M, et al. Evaluation of potential drug—drug

interactions in general medicine ward of teaching hospital in southern India. J Clin Diag Res. 2015 Feb;

9(2):FC10–FC3.

23. Bhagavathula AS, Berhanie A, Tigistu H, Abraham Y, Getachew Y, Khan TM, et al. Prevalence of

potential drug–drug interactions among internal medicine ward in University of Gondar Teaching Hospi-

tal, Ethiopia. Asian Pac J Trop Biomed. 2014 May; 4(Suppl 1):S204–S8. https://doi.org/10.12980/

APJTB.4.2014C1172 PMID: 25183081

24. Bucşa C, Farcaş A, Cazacu I, Leucuta D, Achimas-Cadariu A, Mogosan C, et al. How many potential

drug–drug interactions cause adverse drug reactions in hospitalized patients? Eur J Intern Med. 2013

Jan; 24(1):27–33. https://doi.org/10.1016/j.ejim.2012.09.011 PMID: 23041466

25. Egger SS, Drewe J, Schlienger RG. Potential drug-drug interactions in the medication of medical

patients at hospital discharge. Eur J Clin Pharmacol. 2003 Mar; 58(11):773–8. https://doi.org/10.1007/

s00228-002-0557-z PMID: 12634985

26. Tesfaye ZT, Nedi T. Potential drug-drug interactions in inpatients treated at the Internal Medicine ward

of Tikur Anbessa Specialized Hospital. Drug Healthc Patient Saf. 2017 Aug 14; 9:71–6. https://doi.org/

10.2147/DHPS.S126336 PMID: 28860861

27. Jazbar J, Locatelli I, Horvat N, Kos M. Clinically relevant potential drug–drug interactions among outpa-

tients: a nationwide database study. Res Social Adm Pharm. 2018 Jun; 14(6):572–80. https://doi.org/

10.1016/j.sapharm.2017.07.004 PMID: 28716467

28. Yasu T, Koinuma M, Hayashi D, Horii T, Yashiro Y, Furuya J, et al. Association between polypharmacy

and clinical ward pharmacy services in hospitals in Tokyo. Geriatrics & Gerontology International. 2018

Jan; 18(1):187–8.

29. Dookeeram D, Bidaisee S, Paul JF, Nunes P, Robertson P, Maharaj VR, et al. Polypharmacy and

potential drug–drug interactions in emergency department patients in the Caribbean. Int J Clin Pharm.

2017 Oct; 39(5):1119–27. https://doi.org/10.1007/s11096-017-0520-9 PMID: 28795285

30. Saleem A, Masood I, Khan TM. Clinical relevancy and determinants of potential drug-drug interactions

in chronic kidney disease patients: results from a retrospective analysis. Integr Pharm Res Pract. 2017

Feb 17; 6:71–7. https://doi.org/10.2147/IPRP.S128816 PMID: 29354553

31. Khandeparkar A, Rataboli PV. A study of harmful drug-drug interactions due to polypharmacy in hospi-

talized patients in Goa Medical College. Perspec Clin Res. 2017 Oct-Dec; 8(4):180–6.

32. Jankovic SM, Pejcic AV, Milosavljevic MN, Opancina VD, Pesic NV, Nedeljkovic TT, et al. Risk factors

for potential drug-drug interactions in intensive care unit patients. J Crit Care. 2018 Feb; 43:1–6. https://

doi.org/10.1016/j.jcrc.2017.08.021 PMID: 28822348

33. Bajracharya N, Swaroop AM, Rajalekshmi SG, Viswam SK, Maheswari E. Incidence of drug-drug inter-

actions among patients admitted to the department of general medicine in a tertiary care hospital. J

Young Pharm. 2018 Oct; 10(4):450–5.

34. Ismail M, Khan F, Noor S, Haider I, Haq IU, Ali Z, et al. Potential drug-drug interactions in medical inten-

sive care unit of a tertiary care hospital in Pakistan. Int J Clin Pharm. 2016 Oct; 38(5):1052–6. https://

doi.org/10.1007/s11096-016-0340-3 PMID: 27365090

35. Singh S, K S. A prospective observational study to evaluate potential drug-drug interactions in patients

admitted in intensive care unit, at BRIMS tertiary care hospital in Bidar, India. Int J Basic Clin Pharma-

col. 2018 Apr; 7(4):655–9.

36. Shakeel F, Khan JA, Aamir M, Hannan PA, Zehra S, Ullah I. Risk of potential drug-drug interactions in

the cardiac intensive care units. A comparative analysis between 2 tertiary care hospitals. Saudi Med J.

2018 Dec; 39(12):1207–12. https://doi.org/10.15537/smj.2018.12.23430 PMID: 30520502

37. Foroughinia F, Tazarehie SR, Petramfar P. Detecting and managing drug-related problems in the

neurology ward of a tertiary care teaching hospital in Iran: a clinical pharmacist’s intervention. J

Res Pharm Pract. 2016 Oct-Dec; 5(4):285–9. https://doi.org/10.4103/2279-042X.192455 PMID:

27843966

Nasally placed feeding tube & potential drug-drug interactions

PLOS ONE | https://doi.org/10.1371/journal.pone.0220248 July 31, 2019 13 / 14

https://doi.org/10.1631/jzus.B1300109
http://www.ncbi.nlm.nih.gov/pubmed/24390745
https://doi.org/10.2105/ajph.79.3.340
http://www.ncbi.nlm.nih.gov/pubmed/2916724
https://doi.org/10.12980/APJTB.4.2014C1172
https://doi.org/10.12980/APJTB.4.2014C1172
http://www.ncbi.nlm.nih.gov/pubmed/25183081
https://doi.org/10.1016/j.ejim.2012.09.011
http://www.ncbi.nlm.nih.gov/pubmed/23041466
https://doi.org/10.1007/s00228-002-0557-z
https://doi.org/10.1007/s00228-002-0557-z
http://www.ncbi.nlm.nih.gov/pubmed/12634985
https://doi.org/10.2147/DHPS.S126336
https://doi.org/10.2147/DHPS.S126336
http://www.ncbi.nlm.nih.gov/pubmed/28860861
https://doi.org/10.1016/j.sapharm.2017.07.004
https://doi.org/10.1016/j.sapharm.2017.07.004
http://www.ncbi.nlm.nih.gov/pubmed/28716467
https://doi.org/10.1007/s11096-017-0520-9
http://www.ncbi.nlm.nih.gov/pubmed/28795285
https://doi.org/10.2147/IPRP.S128816
http://www.ncbi.nlm.nih.gov/pubmed/29354553
https://doi.org/10.1016/j.jcrc.2017.08.021
https://doi.org/10.1016/j.jcrc.2017.08.021
http://www.ncbi.nlm.nih.gov/pubmed/28822348
https://doi.org/10.1007/s11096-016-0340-3
https://doi.org/10.1007/s11096-016-0340-3
http://www.ncbi.nlm.nih.gov/pubmed/27365090
https://doi.org/10.15537/smj.2018.12.23430
http://www.ncbi.nlm.nih.gov/pubmed/30520502
https://doi.org/10.4103/2279-042X.192455
http://www.ncbi.nlm.nih.gov/pubmed/27843966
https://doi.org/10.1371/journal.pone.0220248


38. Viktil KK, Blix HS, Eek AK, Davies MN, Moger TA, Reikvam A. How are drug regimen changes during

hospitalisation handled after discharge: a cohort study. BMJ Open. 2012 Nov 19; 2(6):e001461. https://

doi.org/10.1136/bmjopen-2012-001461 PMID: 23166124

39. Kovacevic M, Vezmar Kovacevic S, Miljkovic B, Radovanovic S, Stevanovic P. The prevalence and pre-

ventability of potentially relevant drug-drug interactions in patients admitted for cardiovascular diseases:

a cross-sectional study. Int J Clin Pract. 2017 Oct; 71(10).

40. Onatade R, Auyeung V, Scutt G, Fernando J. Potentially inappropriate prescribing in patients on

admission and discharge from an older peoples’ unit of an acute UK hospital. Drugs Aging. 2013 Sep;

30(9):729–37. https://doi.org/10.1007/s40266-013-0097-5 PMID: 23780641

41. Westbrook JI, Baysari MT, Li L, Burke R, Richardson KL, Day RO. The safety of electronic prescribing:

manifestations, mechanisms, and rates of system-related errors associated with two commercial sys-

tems in hospitals. J Am Med Inform Assoc. 2013 Nov-Dec; 20(6):1159–67. https://doi.org/10.1136/

amiajnl-2013-001745 PMID: 23721982

42. Nuckols TK, Smith-Spangler C, Morton SC, Asch SM, Patel VM, Anderson LJ, et al. The effectiveness

of computerized order entry at reducing preventable adverse drug events and medication errors in hos-

pital settings: a systematic review and meta-analysis. Syst Rev. 2014 Jun 4; 3:56. https://doi.org/10.

1186/2046-4053-3-56 PMID: 24894078

43. Radley DC, Wasserman MR, Olsho LE, Shoemaker SJ, Spranca MD, Bradshaw B. Reduction in medi-

cation errors in hospitals due to adoption of computerized provider order entry systems. J Am Med

Inform Assoc. 2013 May 1; 20(3):470–6. https://doi.org/10.1136/amiajnl-2012-001241 PMID:

23425440

44. Hurkens KPGM, Wit HAJMD, Janknegt R, Verhey F, Schols J, Magdelijns F, et al. Assessing the

strengths and weaknesses of a computer assisted medication review in hospitalized patients. Interna-

tional Journal of Hospital Pharmacy. 2017; 2(6):1–12.

45. Wit HA, Hurkens KP, Gonzalvo CM, Smid M, Sipers W, Winkens B, et al. The support of medication

reviews in hospitalised patients using a clinical decision support system. SpringerPlus. 2016; 5(1):871.

https://doi.org/10.1186/s40064-016-2376-1 PMID: 27386320

46. Straubhaar B, Krahenbuhl S, Schlienger RG. The prevalence of potential drug-drug interactions in

patients with heart failure at hospital discharge. Drug Saf. 2006; 29(1):79–90. https://doi.org/10.2165/

00002018-200629010-00006 PMID: 16454536

47. Pasina L, Djade CD, Nobili A, Tettamanti M, Franchi C, Salerno F, et al. Drug-drug interactions in a

cohort of hospitalized elderly patients. Pharmacoepidemiol Drug Saf. 2013 Oct; 22(10):1054–60.

https://doi.org/10.1002/pds.3510 PMID: 24038765

48. Moura CS, Tavares LS, Acurcio Fde A. [Hospital readmissions related to drug interactions: a retrospec-

tive study in a hospital setting]. Rev Saude Publica. 2012 Dec; 46(6):1082–9. Portuguese. https://doi.

org/10.1590/s0034-89102013005000001 PMID: 23358622

49. Boullata JI, Carrera AL, Harvey L, Escuro AA, Hudson L, Mays A, et al. ASPEN Safe Practices for

Enteral Nutrition Therapy [Formula: see text]. JPEN J Parenter Enteral Nutr. 2017 Jan; 41(1):15–103.

https://doi.org/10.1177/0148607116673053 PMID: 27815525

50. White R. Introduction. In: White R, Bradnam V, editors. Handbook of drug administration via enteral

feeding tubes. 3rd ed. London: Pharmaceutical Press; 2015. pp. 1–3.

51. Gujjarlamudi HB. Polytherapy and drug interactions in elderly. J Midlife Health. 2016 Jul-Sep; 7(3):105–

7. https://doi.org/10.4103/0976-7800.191021 PMID: 27721636

52. Santos TRA, Silveira EA, Pereira LV, Provin MP, Lima DM, Amaral RG. Potential drug-drug interactions

in older adults: a population-based study. Geriatr Gerontol Int. 2017 Dec; 17(12):2336–46. https://doi.

org/10.1111/ggi.13070 PMID: 28635169

Nasally placed feeding tube & potential drug-drug interactions

PLOS ONE | https://doi.org/10.1371/journal.pone.0220248 July 31, 2019 14 / 14

https://doi.org/10.1136/bmjopen-2012-001461
https://doi.org/10.1136/bmjopen-2012-001461
http://www.ncbi.nlm.nih.gov/pubmed/23166124
https://doi.org/10.1007/s40266-013-0097-5
http://www.ncbi.nlm.nih.gov/pubmed/23780641
https://doi.org/10.1136/amiajnl-2013-001745
https://doi.org/10.1136/amiajnl-2013-001745
http://www.ncbi.nlm.nih.gov/pubmed/23721982
https://doi.org/10.1186/2046-4053-3-56
https://doi.org/10.1186/2046-4053-3-56
http://www.ncbi.nlm.nih.gov/pubmed/24894078
https://doi.org/10.1136/amiajnl-2012-001241
http://www.ncbi.nlm.nih.gov/pubmed/23425440
https://doi.org/10.1186/s40064-016-2376-1
http://www.ncbi.nlm.nih.gov/pubmed/27386320
https://doi.org/10.2165/00002018-200629010-00006
https://doi.org/10.2165/00002018-200629010-00006
http://www.ncbi.nlm.nih.gov/pubmed/16454536
https://doi.org/10.1002/pds.3510
http://www.ncbi.nlm.nih.gov/pubmed/24038765
https://doi.org/10.1590/s0034-89102013005000001
https://doi.org/10.1590/s0034-89102013005000001
http://www.ncbi.nlm.nih.gov/pubmed/23358622
https://doi.org/10.1177/0148607116673053
http://www.ncbi.nlm.nih.gov/pubmed/27815525
https://doi.org/10.4103/0976-7800.191021
http://www.ncbi.nlm.nih.gov/pubmed/27721636
https://doi.org/10.1111/ggi.13070
https://doi.org/10.1111/ggi.13070
http://www.ncbi.nlm.nih.gov/pubmed/28635169
https://doi.org/10.1371/journal.pone.0220248

