Clinical research

Standardised electronic algorithms for monitoring
prophylaxis of postoperative nausea and vomiting

Hans-Jorg Gillmann, Sascha Wasilenko, Jonathan Ziiger, Antje Petersen, Anna Klemann,
Andreas Leffler, Thomas Stueber

Department of Anaesthesiology and Intensive Care Medicine, Hannover Medical Corresponding author:
School, Hannover, Germany Hans-Jorg Gillmann MD
Department of
Submitted: 23 January 2017 Anaesthesiology and
Accepted: 28 March 2017 Intensive Care Medicine
Hannover Medical School
Arch Med Sci 2019; 15, 2: 408-415 Carl-Neuberg-Str. 1
DOI: https://doi.org/10.5114/aoms.2019.83293 30625 Hannover
Copyright © 2019 Termedia & Banach Germany

Phone: +49 511 532 2447
Fax: +49 511 532 3498
Abstract E-mail: gillmann.hans-joerg@

Introduction: Despite comprehensive guidelines with high-grade evidence, mh-hannoverde

postoperative nausea and vomiting (PONV) remains a frequent problem in
anaesthesia care. Anaesthesia information management systems (AIMS)
may aid clinicians in PONV prevention, but their benefit is critically depen-
dent on the details of implementation into practice. This study aimed to
examine strengths and weaknesses of the local AIMS-based algorithm in
prevention of PONV.

Material and methods: This retrospective study was conducted in the
post-anaesthesia care unit (PACU) of a university hospital and included 10 604
patients aged 18 or older who were followed up in the PACU (intracranial,
obstetrical or cardiothoracic surgery excluded) from March 2013 until March
2014. The PONV incidence in PACU and AIMS data validity were analysed.
Results: Adherence to PONV guideline recommendations was considerably
low, with only 5749 (54%) of the patients receiving correct PONV prophylax-
is. Two thousand seven hundred sixty-six (26%) of the patients received an
insufficient PONV prophylaxis, which was associated with an excess PONV
incidence (11% vs. 4% with correct prophylaxis, p < 0.001) in the PACU.
Two thousand four hundred forty-nine (23%) of all patients were discharged
from the PACU with an insufficient PONV prophylaxis despite perioperative
digital PONV prevention algorithms.

Conclusions: Adherence to PONV prophylaxis guidelines in the era of AIMS
software and decision support is still remarkably low. The AIMS data useful-
ness depends on the user, the type of data input and the configuration of
the software. Adherence to correct PONV prophylaxis should be re-evaluated
systematically before discharge from PACU.

Key words: postoperative nausea and vomiting, patient safety,
documentation, anaesthesiology, perioperative management, anaesthesia
information management systems.

Introduction

Postoperative nausea and vomiting (PONV) is a highly relevant prob-
lem in anaesthesia care, being associated with patient discomfort and
a significant economic impact such as prolonged length of stay in the
post-anaesthesia care unit (PACU). Due to intensive research, prophylaxis
and management of PONV were translated into comprehensive guide-
lines with high-grade evidence [1]. However, adherence to guidelines in
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perioperative care still seems to be rather poor
[1-4]. Prophylaxis of PONV in everyday patient
care is guided by well-known risk scores, though
only a minority of patients receive an adequate
PONV prophylaxis [5-9]. Translation of those clini-
cal guidelines into standard operating procedures
(SOP) and usage of an anaesthesia information
management systems (AIMS) may aid clinicians in
awareness of PONV risk and prevention, but their
benefit is critically dependent on the details of im-
plementation into practice [10-14].

In our tertiary referral hospital, anaesthetists
are guided in PONV prophylaxis via a SOP that
adopts current guideline recommendations and
translates them into a feasible algorithm for
patient care. When starting the AIMS for intra-
operative data documentation, anaesthetists
are offered a set of commonly used anaesthe-
sia-specific medications for induction, antibiotic
and PONV prophylaxis, which are tailored to the
individual anaesthesia workplace. Anaesthetists
may adopt these suggested medications, but are
free to use and document any other medication
they consider appropriate for the management of
the patient.

In this study we retrospectively investigated
the quality of PONV prophylaxis and therapy that
is achieved with our current action bundle and an-
alysed the potential requirement for change such
as implementation of warning messages, aiming at
best achievable perioperative guideline adherence.

Material and methods
Study design and population

The study was conducted retrospectively in
compliance with the principles of the Declara-
tion of Helsinki and the World Medical Associa-
tion and after approval of the Ethics Committee
of Hannover Medical School, Hannover, Germa-
ny (Chairperson Prof H.D. Troger; approval num-
ber 1915-2013; 2013-Jul-24). Hannover Medical
School is a tertiary referral hospital with approxi-
mately 30 000 anaesthesia procedures performed
within the Department of Anaesthesiology and
Intensive Care each year. The study interval was
set from March 2013 (i.e. the beginning of insti-
tution-wide digital anaesthesia documentation)
until March 2014 at Hannover Medical School. We
retrospectively included all digitally documented
anaesthesia procedures that involved patients
aged 18 or older and were followed up in one of
our PACUs. Patients who were transferred to an in-
tensive care unit postoperatively and patients un-
dergoing intracranial, obstetrical or cardiothoracic
surgery were excluded from the study, because
the assigning surgical departments use different
documentation systems for medical data.

Data collection

In 2010, ANDOKlive (DATAPEC GmbH, Pliezhaus-
en, Germany) was launched as the AIMS within
the Department of Anaesthesiology and Intensive
Care Medicine at Hannover Medical School. Digital
documentation with ANDOKlive comprises anaes-
thetic patient data from the premedication visit
until discharge from the PACU.

The mandatory fields for the premedication vis-
it data are patient identification data, dropdown
lists/shortlists for urgency of surgery, planned type
of anaesthesia, planned surgery, ASA classifica-
tion, metabolic equivalent tasks and the El-Gan-
zouri airway risk index items [15]. Existence of
cardiovascular diseases, known allergies or long-
term medication are also mandatory data (yes/no)
with voluntary subgroup data fields. At the end of
the premedication visit, date, time and duration of
the premedication visit have to be documented.
Patient identity data, gender and age are import-
ed from the hospital medical information system
(MIS) and do not require input by the anaesthe-
tist. History of PONV or motion sickness as well as
smoking status are represented by non-mandatory
data fields. The default value for “history of PONV
or motion sickness” was “absent”, and the default
value for “history of smoking” was “non-smoking”.

Data were anonymised during extraction from
the MIS database with retraceability of data via
a unique internal ANDOKlive patient number that
is different from patient identity numbers in the
MIS system. From the intraoperative data, the
first documented vital signs after presence of the
anaesthetist in charge were obtained as well as
intraoperative medication including dosage and
time of administration (referenced to the begin-
ning and/or the end of anaesthesia), durations
of anaesthesia induction, surgery and reversal of
anaesthesia as well as airway and anaesthesia
techniques. From the PACU data, duration of at-
tendance, first measures of vitals signs as well as
the applied medication including dosage and time
of administration (referenced to the beginning of
the PACU time) were taken.

Study endpoints and main outcome
measures

The primary endpoint of postoperative nausea
and/or vomiting was reached if a patient was ad-
ministered antiemetic medication (dexametha-
sone, 5-HT, serotonin receptor antagonists, drop-
eridol or dimenhydrinate) while being monitored
in the PACU. Adequacy of PONV prophylaxis was
evaluated with respect to the individual Apfel score
and SOP of the Department of Anaesthesiology
and Intensive Care Medicine that adopted 2011
recommendations for PONV prophylaxis [1, 5].
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The Apfel score was calculated automatically
based on the input of the Apfel score items dur-
ing the premedication visit. Management of gen-
eral anaesthesia as total intravenous anaesthesia
(TIVA) was counted as a substitute for one an-
tiemetic drug. For patients with an Apfel score of
0 or 1, no definite antiemetic prophylaxis is ad-
vised within the SOP. In this subgroup of pa-
tients, total intravenous anaesthesia (TIVA) was
not counted as a prophylactic approach (patients
with or without TIVA were considered as treated
adequately). Administration of a prophylactic an-
tiemetic drug in patients with an Apfel score of
0 or 1 was counted as an overshooting prophylax-
is. Patients with an Apfel score of 2 or more should
have received “Apfel score minus one” prophylac-
tic drugs (TIVA counting as one prophylactic drug).
Dexamethasone (4 to 8 mg) or methylpredniso-
lone (40 mg) was considered as “administered
correctly” if given within 30 min after anaesthesia
induction and before the beginning of surgery.
5-HT, antagonists (granisetron 0.35 to 3 mg, on-
dansetron 4 mg), droperidol (0.625 to 1.25 mg)
and dimenhydrinate (0.5 to 1.5 mg/kg) were con-
sidered as “administered correctly” if given 60 min
before the end of surgery.

Statistical analysis

Descriptive data are presented as median and
interquartile range (IQR). Data are compared with
nonparametric testing using the Kruskal-Wallis H
test for multiple groups and the Mann-Whitney
U test for comparison of two groups. Univariate and
multivariate logistic regression are used to analyse
risk prediction of PONV and association of PONV
prophylaxis management with the occurrence of
PONV. Data are presented as odds ratios (OR) with
their respective 95% confidence interval (Cl).

Because the Apfel score items “history of PONV
or motion sickness” and “history of smoking”
were non-mandatory data fields with “absent”
as the set default values, we performed a data
plausibility analysis of the item “history of smok-
ing”. For plausibility analysis of the data item
“smoking history” we also adopted the concept
of the “Fragility Index” published by Walsh et al.
for randomized controlled trial results [16]. The
Fragility Index is defined as the smallest number
of patients that have to change the group in a di-
chotomous classification, until a formerly signif-
icant p-value (< 0.05) exceeds 0.05. The smaller
the Fragility Index is, the more fragile is a reported
significant result. Area under the receiver operat-
ing characteristic (ROC) curve (AUC) was calculat-
ed (including binomial exact 95% Cl) and used to
derive the optimal risk predictive cutoffs for single
risk factors with the DeLong method as well as to
compare areas under the ROC curve [17].

None of the included cases was excluded be-
cause of missing or invalid data. Statistical anal-
yses were calculated with SPSS 20.0 (SPSS, Chi-
cago, IL) and MedCalc 14.10.2 (MedCalc Software,
Ostende, Belgium).

Results
Patient characteristics

Twelve thousand seventy-eight anaesthesia pro-
cedures were retrieved from the database in the ini-
tial query. One thousand four hundred seventy-four
procedures with patients younger than 18 years
were excluded from further analysis. This resulted
in the final dataset of 10 604 anaesthesia proce-
dures that were analysed within this study. Patients
underwent a broad spectrum of surgery, including
8159 procedures assigned to general and visceral
surgery (9%), gynaecological surgery (18%), ear,
nose and throat surgery (19%), ophthalmological
surgery (10%), oral and maxillofacial surgery (4%),
trauma surgery (10%) and urology surgery (7%).
Baseline characteristics of the patients are shown
in Table I. Five hundred eighty-nine (6%) of all pa-
tients suffered from PONV in the PACU, and PONV
occurred at a median time of 35 min (IQR = 53 min)
after admission. PONV in the PACU was associated
with a longer stay (median: 122 min (IQR = 100 min)
vs. 65 min (IQR = 51 min); p < 0.001). At admission
to the PACU, patients developing a PONV presented
with a higher pain score (NRS, numeric rating scale
with 0 no pain, and 10 maximal pain) with a me-
dian of 5 (IQR = 5) versus 2 (IQR = 5) for patients
without PONV (p < 0.001). The cumulative dose of
piritramide for treatment of postoperative pain in
the PACU (median: 9 mg (IQR = 10 mg) vs. 8 mg
(IQR = 6 mg); p < 0.001), the heart rate (median:
86 bpm (IQR = 24 bpm) vs. 80 bpm (IQR = 22 bpm);
p < 0.001) and the mean arterial pressure (medi-
an: 99 mm Hg (IQR 21 mm Hg) vs. 95 mm Hg (IQR
21 mm Hg); p < 0.001) at PACU admission were
significantly higher in patients developing PONV.
However, these differences probably lack clinical
relevance.

Completeness and plausibility of electronic
health records

In 446 (4%) patients, BMI was indeterminable
because of missing data for body weight (12 (< 1%)
cases), height (192 (2%) cases) or both values (242
(2%) cases). Three cases showed implausible data
for body height (over 250 cm), likely caused due
to additional erroneous digits during data input
(e.g. “1852” instead of “185” cm). A preoperative
haemoglobin level was available in 6499 (61%) of
the patients at premedication visit. There were no
missing values for gender, age, or the medical his-
tory items.
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Table 1. Baseline characteristics of patients

Quantitative parameters Total No PONV PONV P-value
(n = 10604) (n = 10015) (n = 589) OR (95% Cl)
Median (IQR) Median (IQR) Median (IQR)
Age [years] 52 (29) 53 (30) 48 (28) < 0.001
0.99 (0.98-0.99)
Weight [kg] 75 (23) 75 (23) 73 (24) 0.021
1.00 (0.99-1.00)
Height [cm] 170 (14) 170 (14) 168 (12) < 0.001
0.98 (0.98-0.99)
BMI [kg/m?] 25.5 (6.5) 25.5 (6.5) 25.2 (7.6) 0.865
1.00 (0.99-1.01)
Haemoglobin preop. [g/dl] 13.5 (2.4) 13.5 (2.5) 13.3 (1.9) 0.155
0.98 (0.93-1.03)
Qualitative parameters Total No PONV PONV P-value
(n = 10604) (n = 10015) (n = 589) OR (95% Cl)
% (n) % (n) % (n)
Age < 52 years (cutoff) 48 (5124) 48 (4775) 59 (349) < 0.001
1.60 (1.35-1.89)
BMI > 30 kg/m? 20 (2068) 19 (1932) 23 (136) 0.019
1.27 (1.04-1.55)
Apfel score items:
Gender male 44 (4693) 45 (4528) 28 (165) < 0.001
0.47 (0.39-0.57)
Non-smoking 79 (8401) 79 (7904) 84 (497) 0.002
1.44 (1.15-1.81)
History of PONV/ 15 (1560) 14 (1404) 27 (156) < 0.001
motion sickness 2.21(1.83-2.68)
Post-op opioids 38 (4035) 37 (3658) 64 (377) < 0.001
3.09 (2.60-3.67)
Medical history:
Art. hypertension 33 (3489) 33 (3315) 30 (174) 0.074
0.85 (0.71-1.02)
CAD or Ml 12 (1298) 12 (1236) 11 (62) 0.191
0.84 (0.64-1.09)
CKD 5(515) 5 (486) 5(29) 0.938
1.02 (0.69-1.49)
Diabetes mellitus: 9 (993) 9 (945) 8 (48) 0.259
0.85 (0.63-1.15)
NIDDM 5 (549) 5 (516) 6 (33)
IDDM 4 (444) 4 (429) 3 (15)
Heart failure 11 (1176) 11 (1120) 10 (56) 0.208
0.83 (0.63-1.11)

BMI — body mass index, CAD — coronary artery disease, Ml — myocardial infarction, CKD — chronic kidney disease, NIDDM — non-insulin-
dependent diabetes mellitus, IDDM — insulin-dependent diabetes mellitus. p-value: Mann-Whitney U test for the criterion present versus
not present. OR — odds ratio (OR with respective 95% confidence interval (Cl)) for PONV, comparing the criterion present versus not present.

Data analysis suggested that smoking (as
a risk-predictive item of the Apfel score) was as-
sociated with a reduced risk of coronary artery
disease, congestive heart failure, chronic kidney
disease and diabetes (Figure 1). Additionally,
smoking was associated with a reduced proba-
bility of missing body weight or height measure-
ments. While a reasonable correlation coefficient
was found for a history of diabetes (r = 0.55;

p < 0.001), arterial hypertension (r = 0.74; p < 0.001)
and chronic kidney disease (r = 0.48; p < 0.001)
with the sum of the documented pre-existing dis-
eases, smoking did not show a clinically relevant
correlation coefficient (r = -0.084; p < 0.001). We
calculated Fragility Indices for the risk association
of smoking with cardiovascular diseases (Table I1).
The results showed that 10 to 228 cases attribut-
ed to this counterintuitive risk association for
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Figure 1. Data plausibility analysis. Body mass index (BMI), history of diabetes, chronic kidney disease (CKD) and
smoking are plotted as risk factors for the anamnestic items listed on the left side. The boxes depict odds ratios
(OR) with their respective 95% confidence interval, the y-axes below the subheadings cross the x-axis each at 1.
Boxes right of the y-axis show an increased OR (> 1), boxes left of the y-axis show a decreased OR (< 1). Boxes
crossing the y-axis imply an OR that is not significantly different from 1. A BMI > 30 kg/m? and a history of dia-
betes or CKD were shown to be associated with increased incidences of cardiovascular diseases (CAD, CHF, CKD),
as expected. In contrast, data analysis suggested that a history of smoking was associated with a decreased inci-
dence of CAD, CHF or CKD, diabetes (grey box) and with a decreased probability of missing weight/height values.
The pattern of associations between smoking and cardiovascular diseases was different from the other depicted
cardiovascular risk factors (diabetes and CKD), suggesting underreporting of smoking at the premedication visit

CAD — coronary artery disease, CHF — congestive heart failure, CKD — chronic kidney disease, PONV — postoperative nausea or

vomiting.

Table II. Fragility Index values for “smoking” as

a risk factor for cardiovascular diseases

Parameter Fragility Index
n (%)
Art. hypertension 228 (10)
BMI > 30 kg/m? 41 (2)
Coronary artery disease 10 (1)
Congestive heart failure 23 (2)
Chronic kidney disease 31 (6)
Diabetes 21 (2)

The Fragility Index represents the number of patients that would
have to be changed from “not smoking” to “smoking” in order
to receive a p > 0.05 for smoking as a risk-reducing factor for the
respective diseases. Smoking as a risk-reducing factor for these
diseases is implausible.

smoking, raising the question of underreporting
of smoking within the premedication visit reports.

PONV - risk factor analysis

Female gender, non-smoking, a history of PONV
or motion sickness and postoperative administra-
tion of opioids were each significantly associated
with the occurrence of PONV in the PACU (Table I).
PONV incidence was not significantly associated
with the gender of the anaesthetist in charge of
premedication (p = 0.507) or anaesthesia (p =
0.126). The probability of PONV increased linearly
from 1% at Apfel score O, to 15% at Apfel score 4.
ROC analysis showed moderate accuracy for the
Apfel score in risk prediction of PONV (AUC = 0.67;
95% Cl: 0.66—0.68). Younger patient age as a con-
tinuous factor was associated with an increased

incidence of PONV (Table I). The factor “younger
age” with its best risk predictive cutoff at < 52
years was associated with an increased probabili-
ty of PONV (OR = 1.6; 95% Cl: 1.3-1.9), but did not
significantly increase the AUC of the Apfel score
(AUC = 0.68; 95% Cl: 0.67-0.69; p = 0.30). PONV
incidence was significantly different among the
surgical departments (general and visceral sur-
gery (8%), gynaecological surgery (6%), ear, nose
and throat surgery (5%), ophthalmological surgery
(3%), oral and maxillofacial surgery (4%), trauma
surgery (9%) and urology surgery (3%); p < 0.001).

PONV — adherence to standard operation
procedure (SOP)

Five thousand seven hundred forty-nine (54%)
of the patients received a PONV prophylaxis that
followed the recommendations of the SOP while
2766 (26%) of the patients received an insufficient
prophylaxis until the end of anaesthesia. Adher-
ence to PONV prophylaxis varied among the sur-
gical departments between 41% (gynaecological
and ophthalmological surgery) and 73% (urology
surgery). Comparing the different surgical depart-
ments, frequency of insufficient PONV prophylaxis
correlated with mean PONV incidence (r = 0.805;
p = 0.016). Insufficient PONV prophylaxis was as-
sociated with a PONV incidence of 11% versus 4%
with correct prophylaxis (Figure 2). In comparison
with correct prophylaxis, insufficient PONV pro-
phylaxis represented a significant risk factor for
the occurrence of PONV in the PACU (OR = 3.6;
95% Cl: 3.0-4.3; p < 0.001). Two thousand eighty-
nine (20%) of the patients received overshooting
PONV prophylaxis, with 707 of these patients
classified with an Apfel score of 0 or 1 (Figure 3).
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Figure 2. Probability of PONV increased with insuf-
ficient prophylaxis. PONV prophylaxis was grouped
into overshooting, correct or insufficient with re-
spect to adherence to the PONV SOP (Kruskal-Wal-
lis p < 0.001). While overshooting prophylaxis did
not further reduce PONV probability compared to
a correct prophylaxis (3.1% vs. 3.6%; p = 0.296),
patients with insufficient prophylaxis showed
a significantly increased PONV incidence compared
to a correct prophylaxis (11.5% vs. 3.6%; p < 0.001)

There was a significant trend to a higher incidence
of insufficient prophylaxis with increasing Apfel
score (p < 0.001) with 1585 patients with an Apfel
score of 3 or 4 receiving insufficient prophylaxis.

Analysis of decision triggers for insufficient
PONV prophylaxis

Prevalence of pre-existing diseases as decision
triggers for balanced versus total intravenous
anaesthesia did not differ clinically relevantly be-
tween patients with insufficient and correct PONV
prophylaxis (mean prevalence: arterial hyperten-
sion 35% versus 34% (p = 0.49), coronary artery
disease 11% versus 14% (p = 0.005), chronic kid-
ney disease 6% versus 5% (p = 0.46), heart failure
12% versus 12% (p = 0.71)). Two hundred thirty-
three patients with insufficient PONV prophylax-
is were known to suffer from diabetes (a relative
contraindication for dexamethasone), while 2211
non-diabetic patients with insufficient PONV pro-
phylaxis would have been potentially eligible for
administration of dexamethasone. Within the
subgroup of patients with a single missed prophy-
lactic measure, 1846 (83%) patients would have
been eligible for dexamethasone, 1437 (65%) for
a TIVA, 2039 (92%) for a 5-HT, antagonist and
2215 (99%) for droperidol (Figure 4).

PONV — management in the PACU

Four hundred ninety-two (84%) patients with
PONV needed a single medication for symptom
release, and 97 (16%) were treated with up to
four sequential antiemetic substances. Forty-five
(9%) of the patients who suffered from PONV in

80

60

40

20

Number of patients (%)
o

-40
-60
-80 | | | | |
0 1 2 3 4
Apfel score

Figure 3. Probability of non-adherence to SOP dif-
fered with the Apfel score. Patients are grouped by
their respective Apfel score. Whites bars represent
patients with overshooting and grey bars with in-
sufficient PONV prophylaxis. Patients with correct
PONV prophylaxis are not shown. Patients with
an Apfel score of 3 or more received insufficient
PONV prophylaxis in more than 50% of cases (Kru-
skal-Wallis p < 0.001)

Percentage

1 2 3
Missed prophylaxis measures (n)

M Droperidol
ETIVA

O 5HT3 antagonist
M Dexamethasone

Figure 4. Number of missing PONV prophylaxis
measures. Relative frequency of the number of
missed PONV prophylaxis measures is shown. The
height of the bar for an individual medication/
measure represents the relative relevance of the
medication/measure in comparison to the others
for achieving correct prophylaxis

the PACU received a drug that had already been
administered prior to admission to the PACU, and
thus according to the guidelines should not have
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been used for therapy again. Two thousand four
hundred forty-nine (23%) of all patients were dis-
charged from the PACU with an insufficient PONV
prophylaxis.

Discussion

This study shows that adherence to PONV
prophylaxis, despite the use of AIMS software and
decision support for the suggested antiemetic
drugs, was sufficient in only 54% of all anaesthe-
sia procedures. Patients were discharged from the
PACU with insufficient PONV prophylaxis in 23% of
all cases. The current bundle of actions for PONV
prophylaxis was associated with an overshooting
antiemetic prophylaxis in patients with a low risk
for PONV (Apfel score 0 or 1), and a trend to in-
sufficient prophylaxis in patients at highest risk
(Apfel Score 3 or 4) for PONV. More than 90% of
the patients with insufficient antiemetic prophy-
laxis could have reached the aims of the SOP and
current guidelines with administration of a 5-HT,
antagonist or droperidol at the end of surgery. The
patients’ history of smoking habits was recorded
as a voluntary data field during the premedication
visit and analysis of these data suggested under-
reporting of smoking. If the history of smoking is
included in PONV risk prediction, data acquisition
has to be changed from voluntary to mandatory
entry and without setting a default value.

Data quality of AIMS is generally thought to
be higher than with paper-based documentation,
but critically depends on the user, the type of data
input and the configuration of the software [10,
18-22]. Translation of guidelines into local stand-
ard operating procedures and standardised digital
algorithms may improve guideline adherence, but
depends on the design and complexity of the al-
gorithms and the validity of included patient data
[12-14, 23].

The PONV incidence of 5% in our study was
considerably lower than to be expected from pre-
vious studies [1, 14]. Because we did not record
PONV after discharge from the PACU, the entire in-
cidence in our study collective is likely higher than
reported. However, compliance with PONV proph-
ylaxis guidelines in our study was low, as already
reported before [1].

Timing for individualised insufficient PONV
prophylaxis warning messages might be placed
better at the end of surgery than during induction
of anaesthesia, because induction is known to be
associated with reduced vigilance of anaesthetists
for monitoring data [24]. We suggest re-evaluat-
ing adherence to correct PONV prophylaxis at the
end of the PACU stay with an electronic reminder
because of the relevant number of patients who
were discharged with insufficient PONV prophy-
laxis and therefore were prone to develop nausea

and vomiting on the peripheral ward [25]. While
improvement of PONV guideline adherence is like-
ly to be achieved with extended and automatic
perioperative patient data analysis, external evi-
dence regarding PONV prophylaxis always has to
be weighed against consideration of the patients’
expectations and individual clinical findings [26].
At discharge from PACU, patients and caregivers
can seek consent on whether the patient is re-
luctant or willing to receive several intravenous
anti-emetics on the basis of individual PONV risk
and personal preferences. An electronic reminder
at discharge could trigger this personalised PONV
prophylaxis approach.

This study was conducted in a retrospective
manner and therefore is limited to associative
relationships of the examined factors with PONV.
PONV in itself was not explicitly documented by
the staff in the PACU, although this data field ex-
isted for documentation. Therefore, PONV as the
primary endpoint of the study has indirectly been
defined by the need for antiemetic medication in
the PACU. For a future prospective approach, the
occurrence of PONV in itself has to be changed
into a mandatory data field without a set default
value. We only measured the incidence of PONV in
the PACU. This underestimates the true incidence
caused by PONV events in the peripheral ward.
We accepted this limitation, because digital data
acquisition ends with discharge from PACU and
the feasibility of standardised digital recommen-
dations for the improvement of PONV prophylaxis
was the targeted aim of our study. We evaluat-
ed opioid therapy in the PACU for this study, but
did not estimate opioid dosage and timing dur-
ing anaesthesia, which also might be related to
PONV occurrence due to altered demand of post-
operative analgesics. History of smoking and past
PONV or motion sickness were non-mandatory
data fields within the premedication visit data ac-
quisition. While there was some evidence for un-
derreporting of smoking, data analysis for history
of PONV or motion sickness was not feasible in
the same manner. Because a positive history of
smoking and PONV or motion sickness influenced
PONV incidence in opposite directions, we con-
sider it unlikely that Apfel scores were calculated
with a systematic error. Nonetheless, future stud-
ies should change these two Apfel score items
into mandatory data fields. Additional mandatory
data fields for the premedication visit will increase
data concordance, but also increase the duration
of premedication visit documentation. Therefore,
careful consideration and data analysis prior to
the change of data fields from voluntary to man-
datory are necessary.

In conclusion, PONV remains a frequent post-
operative complication despite evidence-based
guidelines. Even with the implementation of elec-
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tronically assisted advice for PONV management,
patients seem to be exposed to insufficient PONV
prophylaxis. Though rarely seen, anti-emetic sub-
stances expose patients to potential adverse
events, and both patients and doctors should
seek consent on the risks and benefits of individ-
ual PONV prophylaxis beyond guideline evidence.
If PONV risk factors are assessed using voluntary
data fields during preoperative assessment, risk
factors are likely to be underreported. Adherence
to correct PONV prophylaxis should be re-evaluat-
ed systematically before discharge from the PACU,
because many patients do not receive sufficient
PONV prophylaxis during surgery or postoperative
recovery.
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