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Background: Postoperative delirium frequently occurs in the elderly after hip fracture surgery and is associated with poor outcomes. 
Our aim was to identify a correlation between the atropinic burden (AB) due to drugs with clinical antimuscarinic effect and the 
occurrence of postoperative delirium.
Methods: We carried out a prospective, monocentric, observational study including 67 patients over 65 years of age who underwent 
hip fracture surgery. The addition of the anticholinergic weight of each drug was calculated at different time points to distinguish the 
prehospital, intra- and postoperative part of the AB. A multivariate analysis was carried out to identify the explanatory variables 
associated with postoperative delirium.
Results: Patients were 78 [71–86] years old. The time from admission to surgery was 12 [12–24] hours. The ADL and CIRS scores 
were 6 [5.5–6] and 6 [4–9], respectively. The total (prehospital plus intraoperative plus postoperative) AB was 5 [3–9]. The incidence 
of postoperative delirium was 54% (36/67). The demographic characteristics were comparable between delirium and no delirium 
groups. Univariate analysis showed statistically significant differences between no delirium and delirium groups concerning the 
number of prehospital atropinic drugs, prehospital AB, the number of postoperative atropinic drugs, postoperative AB, in-hospital AB 
and the MMSE calculated on postoperative day 5. Using multivariate analysis, postoperative AB, but not pre- and in-hospital ABs, 
was associated with postoperative delirium with an odds ratio of 1.84 (95% CI: 1.25–2.72; p = 0.002). A postoperative AB > 2 was 
associated with a postoperative delirium with an area under ROC curve of 0.73 (95% CI: 0.61–0.83; p = 0.0001).
Conclusion: Contrary to a prior exposure to atropinic drugs, a postoperative atropinic burden >2 was associated with postoperative 
delirium in elderly patients with hip fracture. Postoperative administration of (new) antimuscarinic drugs is a precipitating factor of 
delirium that could be avoided.
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Introduction
Postoperative Delirium
Delirium is defined by the DSM-V as a disorder of attention and consciousness that develops over a short period of time, 
fluctuates throughout the day and is accompanied by cognitive changes (eg, memory). These disorders are caused as 
a direct consequence of a medical context. Thus, the diagnosis of delirium identifies the constellation of clinical signs of 
an acute and polymorphic brain dysfunction with a mandatory component: a disturbance in attention.1 Interestingly, this 
acute multifactorial and multidimensional impairment of consciousness is an independent predictor of long-term 
cognitive decline and mortality. Currently, the diagnosis of delirium is based on clinical screening tools like the 
Confusion Assessment Method (CAM).2,3 In elderly and vulnerable patients, the frequent combination of precipitating 
(trauma, pain, inflammation, infection, physical restraints, acute urine retention) and predisposing factors (pre-existing 
cognitive impairment, co-morbidities, sensory disturbances) explains the high incidence of delirium.4 Thus, postoperative 
delirium is reported to occur in up to 50% of surgical elderly patients over the age of 65.5 The incidence of delirium may 
be as high as 61% in hip fractured patients.6

Atropinic Burden
Acetylcholine, a neurotransmitter acting on the muscarinic and nicotinic receptors of the central and peripheral nervous 
system, is involved in various cognitive functions (eg, attention, memory). The atropinic effect of anticholinergic drugs 
may be desirable for some conditions (eg, Parkinson’s disease) but can also be the result of side effects by acting on the 
muscarinic receptors (eg, codeine, serotonergic antidepressants, bronchodilators or H1 anti-histaminic drugs).7 The 
atropinic activity can then cause central (eg, irritability, confusion, hallucination, cognitive impairment) and peripheral 
(eg, accommodation disorders, constipation, urinary retention) adverse effects.7 It is worth noting that these drugs are 
frequently prescribed: 50% of patients over 65 years of age take at least one drug with atropinic effect.8 Even if each 
substance has its own atropinic effect, the effects add up when several of them are combined, making multi-medicated 
elderly patients particularly at risk. The atropinic burden (AB) is the sum of the atropinic weight of each drug to which 
the subject is concomitantly exposed.9 Exposure to atropinic drugs is thought to increase the risk of falls and mortality 
and to reduce cognitive performance in elderly subjects.8,11–13 An association between a high atropine load and the 
occurrence of delirium has been demonstrated in medical patients hospitalised in a geriatric setting.14 The concepts of 
“atropine weight” and “atropine burden” are based on two assumptions. The first hypothesis is that the power of the 
atropine effect varies between different drugs with properties of antimuscarinics. The second is that the combination of 
several drugs having atropine effects results in a summation of these effects.

Objective of the Study
The aim of this study was to demonstrate an association between AB and occurrence of postoperative delirium in hip 
fractured patients. We hypothesize that the frequent prescription of drugs with antimuscarinic effects in this context 
would favor the occurrence of postoperative delirium.

Materials and Method
Study Design
This prospective, observational, single-center study was conducted at the Toulouse University Hospital in the orthopaedic 
and trauma surgery department between from May 2018 to May 2019. The study was performed in compliance with the 
Code of Ethics of the World Medical Association (Declaration of Helsinki), approved by the Comité de Protection de la 
Personne (CPP Ile de France V on 7th November 2017 #2017-A01847-46). According to French Legislation, and given it 
was an observational study, oral informed consent was obtained from the study participants.

Inclusion and Non-Inclusion Criteria
All patients over 65 years of age who were to undergo urgent surgery of hip fracture were eligible. The patient’s pre- 
operative cognitive status was to allow for the collection of written consent. Patients who had delirium at baseline or 
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cognitive impairment/dementia were not included in the study. Patients with preoperative delirium (positive CAM), 
a history of severe or moderate head injury (GCS < 13) in the previous 3 months, or a fracture requiring revision surgery 
(eg, hip fracture on arthroplasty) were not included in the study.

Atropinic Burden
The atropinic burden (AB) was the addition of the “atropine weight”/anticholinergic weight of each drug to which the 
subject is concomitantly exposed. The anticholinergic weight was calculated from the Durán et al9 and Laroche et al15 

lists (to include drugs marketed in France not present in the list of Durán). As an example, for the post-operative period, 
if the patients received a single dose of morphine vs several doses, this was considered equivalent that is to say the 
patient was exposed to the atropinic weight of morphine.

The primary objective of the study was to assess the correlation between the overall AB during hospitalization and the 
incidence of delirium during the first 7 days postoperatively. The overall AB was defined as the sum of the prehospital 
(ie, present on admission), intraoperative and postoperative atropinic burdens.

Secondary objectives were to assess the correlation between in-hospital AB (defined as overall AB minus prehospital 
AB) and the occurrence of delirium. All the components of the overall AB were also analyzed (prehospital, in-hospital, 
intraoperative and postoperative AB). The occurrence of postoperative cognitive impairment was assessed by Mini 
Mental State Examination (MMSE) on postoperative day 5.16,17

Sample Size
Given the incidence of postoperative delirium in the literature (26–61% after hip fracture surgery6) and the number of 
explanatory variables we wished to include in the model (notably overall AB, in-hospital AB and CIRS-G), 60 patients 
seemed necessary to demonstrate a correlation between overall AB and the occurrence of postoperative delirium with 
a first-species risk α set at 0.05 and a ß risk at 0.20. In regression analysis, there should be at least 10 observations per 
variable.

Data Collection
Patient demographics (age, sex, weight, height, education level, ASA score, comorbidities) were collected and aggre-
gated into a geriatric score (Cumulative Illness Rating Scale Geriatric, CIRS-G).18 The cognitive state of the patients was 
assessed by the MMSE.16 The MMSE was carried out preoperatively and then repeated on postoperative day 5 or at the 
patient’s discharge. The pre-existing state of autonomy was assessed by collecting ADL (activities of daily living) and 
IADL (instrumental activities of daily living) scores at inclusion.19,20 Factors predisposing to delirium (deafness, chronic 
alcohol abuse, uncorrected visual impairment, previous delirium, use of benzodiazepines or related drugs) were system-
atically investigated. The patients’ usual treatments (including self-medication) and hospital treatments were collected. 
The occurrence of delirium was detected by the CAM,3 performed at least 3 times daily until postoperative day 7 or until 
discharge. Additional CAM could be performed by nurses or physician if necessary. CAM was performed by trained 
assessors. Other factors favoring confusion classically described in the geriatric context (hydroelectrolytic disorders, 
hyperthermia, anemia, fecal impaction, acute retention of urine) were systematically sought. Medical complications were 
collected. Length of hospital stay, post-interventional complications, time between surgery and the first rise, and 
indwelling bladder catheterization were also collected.

Statistical Analysis
Qualitative data were expressed as numbers (%). Quantitative data were expressed as median [25th–75th percentile] or 
mean (± standard deviation) as appropriate. Categorical variables were compared using Fisher’s exact test or the Chi2 

test. Quantitative variables were compared using the non-parametric Mann–Whitney U-test. Multivariate analysis 
(stepwise logistic regression) was performed to identify explanatory variables for the occurrence of postoperative 
delirium. ABs with a statistical significance in univariate analysis were included in the multivariate analysis, as well 
as the CIRS-G frailty score. To test the ability of ABs to predict delirium, areas under the ROC curves [area under the 
curve (AUC) = 0.5: no better than chance, no prediction possible; AUC = 1.0: best possible prediction] were calculated 
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and compared using the Hanley–McNeil test. Statistical analysis was performed using MedCalc software (version 12.6.1, 
MedCalc Software Bvba, Ostend, Belgium; 2013). A p-value <0.05 was considered statistically significant.

Results
Sixty-seven patients meeting the eligibility criteria were included. Thirty-six patients (54%) developed postoperative 
delirium. Delirium occurred 2 [1–4] days after surgery. Nineteen patients were not included in the study because they had 
exclusion criterion (eg, pre-operative dementia or cognitive impairment…). Clinical, demographic and geriatric char-
acteristics of the patients are available in Table 1. The characteristics of the ABs and their comparison between delirium 
and no delirium groups are available in Table 2. The characteristics of the patients’ perioperative course are reported in 
Table 3.

The two drugs’ classes with antimuscarinic effects administered were in order of frequency: i) opioid analgesics and 
related (morphine, oxycodone), and ii) bronchodilators (tiotropium, ipratropium). Other atropinic drugs were domper-
idone, metoclopramide, trimebutine, hydroxyzine, amitriptyline, prostigmine/atropine.

Among the postoperative complications, we noted a severe pulmonary embolism that occurred postoperatively and 
required transfer to the intensive care unit, followed by, in order of frequency, blood transfusion for anaemia, acute urine 
retention, faecal impaction, hyperthermia and acute functional renal failure.

Table 1 Clinical, Demographic and Geriatric Characteristics of Patients

Overall Population 
(n=67)

No Delirium Group 
(n=31)

Delirium Group 
(n=36)

p-value

Age (years) 78 [71–86] 81 [73.7–85.7] 77 [69–86] 0.22

Sex: male 24 (36%) 9 (29%) 15 (42%) 0.32

BMI (Kg.m−2) 24.2 [21.2–27.7] 23.9 [21.3–26.3] 24.5 [20.9–27.8] 0.69

ASA classification 0.05

1 2 (3%) 1 (3%) 1 (3%)

2 35 (52%) 20 (65%) 15 (42%)
3 28 (42%) 10 (32%) 18 (50%)

4 2 (3%) 0 (0%) 2 (5%)

CIRS 6 [4–9] 7 [4–9] 6 [4–8.5] 0.30

ADL 6 [5.5–6] 6 [5.1–6] 6 [6–6] 0.12
IADL 5 [4–8] 5 [3.2–8] 5 [4.5–8] 0.58

Men (/5) 5 [3.5–5] 4 [2–5] 5 [4–5] 0.26

Women (/8) 7 [5–8] 7 [4–8] 7 [5.7–8] 0.52

MMSE

At admission 27 [22–29] 25 [22–28] 28 [22.5–30] 0.1
At day 5 after surgery 22.5 [20–26] 24.5 [22–27] 20 [15–24] 0.004

Patients who lost 2 MMSE points between 
admission and day 5

41 (61.2%) 16 (51.6%) 25 (69.4%) 0.14

Level of education 0.98

Not graduate 23 (34%) 9 (29%) 14 (39%)

Graduate 23 (34%) 14 (45%) 9 (25%)
Post graduate 21 (32%) 8 (26%) 13 (36%)

Note: Data are expressed as median [IQR] or n (%). 
Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists; CIRS-G, Cumulative Illness Rating Scale Geriatric; ADL, activities of daily living; IADL, 
instrumental activities of daily living; MMSE, Mini Mental State Examination.
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Table 2 Atropinic Burden

Overall Population 
(n=67)

No Delirium Group 
(n=31)

Delirium Group 
(n=36)

p-value

Number of prehospital atropinic drugs 0 [0–1] 1 [0–1.75] 0 [0–0.5] 0.003

Number of patients with > 2 prehospital atropinic drugs 5 (7%) 5 (16%) 0 (0%) 0.013

Prehospital atropinic burden 0 [0–1] 1 [0–2.75] 0 [0–0.5] 0.005

Number of intraoperative atropinic drugs 0 [0–1] 0 [0–1] 0.5 [0–1] 0.79

Number of patients with > 2 intraoperative atropinic drugs 0 (0%) 0 (0%) 0 (0%) NA

Intraoperative atropinic burden 1 [0–1] 0 [0–1] 0.5 [0–1] 0.99

Number of postoperative atropinic drugs 2 [1–3] 2 [1–2] 2 [2–3.5] 0.0009

Number of patients with > 2 postoperative atropinic drugs 21 (31%) 4 (13%) 17 (47%) 0.003

Postoperative atropinic burden 2 [1–4] 2 [1–2] 3 [2–5] 0.0008

In-hospital atropinic burden 4 [3–6] 3 [3–4] 5 [2.5–9] 0.0118

Total atropinic burden (ie, pre-hospital + in-hospital) 5 [3–9] 4 [3–6.75] 5 [3–10.5] 0.26

Time from surgery to postoperative delirium (days) - NA 2 [1–3] NA

Note: Data are expressed as median [IQR] or n (%). 
Abbreviation: NA, not applicable.

Table 3 Perioperative Characteristics

Overall Population 
(n=67)

No Delirium Group 
(n=31)

Delirium Group 
(n=36)

p-value

Preoperative creatinine (µmol.L−1) 80 [61.5–106] 77.5 [60–100] 86 [65–150] 0.11

Time from admission to surgery (hours) 12 [12–24] 12 [12–24] 12 [12–24] 1

Duration of surgery (min) 60 [45–70] 60 [45–81] 60 [47–67] 0.52

Minimal value of SBP (mmHg) 90 [80–104] 90 [80–102] 90 [80–107] 0.73

Patients with intraoperative vasopressors 47 (70%) 23 (74%) 24 (67%) 0.60

Anaesthesia 0.61
General anaesthesia 25 (37%) 13 12

Spinal anaesthesia 42 (63%) 18 24

Peripheral regional analgesia 27 (40%) 9 (29%) 18 (50%) 0.13

ICU after surgery 6 (9%) 2 (6%) 4 (11%) 0.68

Discharge 0.55

Long-term care sector 7 (11%) 2 (6%) 5 (14%)

Post-acute and rehabilitation care sector 43 (64%) 20 (65%) 23 (64%)
Home 17 (25%) 9 (29%) 8 (22%)

Length of stay (days) 7 [5.5–11.5] 7 [5–9] 7 [6–16] 0.17

Note: Data are expressed as median [IQR] or n (%). 
Abbreviations: SBP, systolic blood pressure; ICU, intensive care unit.
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When using logistic regression, postoperative AB was independently associated with postoperative delirium with an 
odds ratio [95% CI] of 1.86 [1.25–2.78] (p = 0.002). A postoperative AB > 2 (best-associated criterion) was associated 
with a postoperative delirium with an area under ROC curve of 0.73 (95% CI: 0.61–0.83; p = 0.0001) (Figure 1). 
Prehospital AB, in-hospital AB and CIRS-G included in the multivariate analysis were not identified as independent 
variables associated with postoperative delirium (p = NS).

Discussion
By prospectively analyzing 67 patients admitted for hip fracture, we were able to demonstrate for the first time 
a correlation between the atropinic burden induced by the postoperative prescription of drugs with antimuscarinic effects 
and the occurrence of postoperative delirium. This association represents a precipitating factor that could be avoided by 
limiting their perioperative prescription.

A projection of epidemiological data to 2050 shows that people over 60 years of age will account for 50% of all the 
anaesthesia performed.1 Elderly subjects are at particularly high risk of developing postoperative delirium.10,21 Its 
occurrence is a strong predictor of cognitive impairment and mortality.22 In this context, the identification of preventable 
precipitating factors is of major interest. Several authors estimate that 30 to 40% of postoperative delirium occurring in 
hip fractured patients would be avoidable.23,24

Our results confirm that the in-hospital atropinic burden related to the postoperative delivery of drugs with 
antimuscarinic effects contributes to the occurrence of delirium in a population of elderly patients with hip fracture. 
The high incidence of postoperative delirium observed in our study (54%) is consistent with previously published data.6 

It therefore seems essential to adopt a preventive attitude from the preoperative period including rationalization of drugs 
with an anticholinergic effect. Actually, nearly one-third of patients were given at least 3 drugs with an atropinic effect in 
the postoperative period, mainly opioids or bronchodilators. Decreasing immediate postoperative pain and morphine 
consumption, regional analgesia could be considered as a protective factor for the occurrence of postoperative delirium in 
patients suffering from hip fracture.25 Besides, the French Society of Anaesthesia and Intensive Care strongly 
recommends regional analgesia in hip fractured patients to spare opioids and their adverse effects.24

The major limitation of our study is the difficulty in estimating the atropinic weight of drugs. Several biological 
methods are described in the literature like the serum anticholinergic activity which allows us to classify an antic-
holinergic equivalence level to atropine26 or the in-vitro measurement of the dissociation constant of the drug for 
muscarinic receptors. Although quantitative, these biomarkers do not predict the occurrence of central atropinic side 
effects. In this context, pharmacological scales, which are readily available, seem better suited to the assessment of 
atropinic burden in the elderly. The Durán scale, established and validated from a consensus of 7 atropinic scales, is now 

Figure 1 ROC curves demonstrating the strong ability of postoperative atropinic burden (AB) (blue solid line curve) and the weak ability of Cumulative Illness Rating Scale 
(CIRS) (green-dotted line curve) to predict postoperative delirium. A postoperative AB > 2 and a CIRS ≤ 6 (best-associated criteria) were associated with a postoperative 
delirium with areas under ROC curves of 0.73 (95% CI: 0.61–0.83; p=0.0001) and 0.57 (95% CI: 0.45–0.69; p=0.30) respectively (p=0.04 for pairwise comparison of ROC 
curves).ft.
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widely used.9 However, 3 main limitations to the use of such a scale can be cited. Firstly, the dose of the offending drug 
is not taken into account. Klamer et al tried to counteract this pitfall with the Muscarinic Acetylcholinergic Receptor 
ANTagonist Exposure (MARANTE) scale, which considers the atropinic weight of the drug (defined by Durán), as well 
as the daily dose prescribed.27 By weighting the atropinic weight of a treatment by its dose (0.5 for low doses, 1 for 
medium doses, 1.5 for high doses and 2 for very high or supra-therapeutic doses), this tool could have been of major 
interest but presently only 41 drugs are listed. Secondly, the lack of consideration of blood–brain barrier crossing. Indeed, 
for the biological methods cited above, the passage of the blood–brain barrier is not considered. For example, the high 
atropinic weight of ipratropium according to the Durán scale does not predict its plasmatic passage and therefore the 
brain effects related to its central atropinic activity. This theoretical framework could explain why the prehospital 
atropinic burden was not associated with postoperative delirium in our study. Indeed, we did not distinguish between 
prehospital treatments with antimuscarinic effects, while some are known to have central rather than peripheral effects. 
Similarly, we did not take into account individual variability. For example, acute renal failure, a common situation in 
elderly patients scheduled for hip fracture surgery, could change the pharmacokinetic properties of treatments. Thirdly 
and lastly, some atropinic drugs frequently used in a perioperative setting are not listed at all (eg, nefopam or sufentanil). 
None of the methods of calculating atropinic weight cited seem to stand out. Although designed for the elderly, none of 
the existing pharmacological scales is adapted to the perioperative setting and the specificities of the French pharmaco-
poeia. Further researches are necessary to develop a scale suitable for our clinical practice in anaesthesia and periopera-
tive medicine. Moreover, the study does not allow to distinguish between the direct and indirect central effects of 
anticholinergic therapies. Indeed, the causes may be interrelated. An example could be the occurrence of delirium 
secondary to acute urinary retention induced by the atropinic effect of opioids.

To conclude, we were able to demonstrate a strong correlation between the postoperative atropinic burden of 
antimuscarinic drugs and the occurrence of delirium following hip fracture surgery. Further studies evaluating the 
prognostic impact of avoiding drugs with high atropinic weight are needed to definitely integrate this rule in a bundle 
of care to optimising the perioperative pathway of high-risk patients.
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