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ABSTRACT

INTRODUCTION: In 2008, the North Denmark Region
implemented the electronic prehospital patient medical
record (PPR), amPHI, in the region's prehospital emergency
medical service. In 2015, a new nationwide version was
implemented. Our aim was to investigate the completeness
and correctness of registrations of vital sign data in the PPR
after the initial introduction and after the implementation of
the new PPR version.

METHODS: This was a descriptive registry-based study
including patients to whom an ambulance was dispatched
after an emergency call in the North Denmark Region in the
periods 2007-2014 and 2016-2017. We examined vital sign
data defined as blood pressure (BP), heart rate (HR), blood
oxygen saturation (Sp0,), respiratory rate (RR), Glasgow Coma
Scale (GCS) score and numeric rating scale (NRS) for pain.
We defined incorrect vital sign values according to clinical
plausibility. We used a trend analysis and Pearson's .
RESULTS: We included 253,169 PPRs. The proportion of PPR
with registration of vital signs from 2007-2014 compared
with 2016-2017 was BP: 73-86%, 81-82%; HR: 76-88%, 82-
83%; Sp0.: 72-85%, 82-83%; RR: 34-82%, 77-79%; GCS score:
54-92%, 81-84%; NRS for pain: 0-16%, 24-26%. The increase
from 2007-2014 and 2016-2017 was significant as were the
differences between 2014 and 2016. We found few defined
outliers (0.5%).

CONCLUSIONS: The completeness of registration increased
gradually but decreased slightly after implementation of the
new version. A high completeness combined with few
implausible outliers and concordance indicate correctness
of the vital sign registrations.

FUNDING: none.

TRIAL REGISTRATION: Approval for the use of data was
given by the medical director of the Emergency Medical
Services, the North Denmark Region.

Implementation of electronic medical records is under-
way in various acute settings around the world, initially
in emergency departments, but also in the prehospital
emergency medical services [1-3]. Implementing and
adopting new technologies and procedures can be chal-
lenging [4], especially beyond hospitals, such as on the
scene of an incident or in ambulances during transport.
These circumstances may further complicate the gath-
ering of accurate and complete data. Patient outcome
depends on an accurate and comprehensive under-

ABBREVIATIONS

BP = blood pressure

Cl = confidence interval

etC0, = end-tidal carbon dioxide

GCS = Glasgow Coma Scale

HR = heart rate

NRS = numeric rating scale

PPR = prehospital patient medical record
RR = respiratory rate

Sp0; = blood oxygenation saturation

standing of the patient’s condition and a thorough
handover at hospital where reliable information is
essential [5, 6].

As the first region in Denmark, the North Denmark
Region implemented an electronic prehospital patient
medical record (PPR), in its ambulances in 2006. More
recently, in 2015 a newer version of the PPR was imple-
mented nationwide. The PPR encompasses the patient
care pathway, from the scene of an accident or the pa-
tient’s home to hospital admission or patient release on
scene. Information about the patient’s condition is con-
tinuously recorded, and the PPR allows real-time regis-
tration of measurements, treatment and medication
[71. As such, the PPR provides unique opportunities to
investigate clinical patient data gathered in the prehos-
pital setting. Nevertheless, knowledge on the quality of
this data is crucial.

METHODS

The aim of the study was to investigate PPR vital sign
data quality in terms of data completeness and correct-
ness during two implementation stages.

This was a descriptive registry-based study. The
study included all prehospital medical records of pa-
tients who received ambulance care following an emer-
gency call in the North Denmark Region from 2007 to
2017.

To measure correctness of the vital signs, a gold
standard would be to compare vital sign data with the
patient’s state. Because of the large study population
and the registry-based design, we chose to evaluate us-
ing the surrogate measures of plausibility and concord-
ance, as done previously [8]. Plausibility can be de-
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FIGURE 1 / Proportion of ambulance runs with registration of vital signs from 2007-
2014 and 2016-2017. Results presented as percentage of ambulance 112-runs (patients),
that had a registration of a vital sign (%). The proportions are depicted without clinically im-
plausible outliers..
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fined as an estimate of how reasonable the data are in
respect to general medical knowledge. This includes
looking for vital sign data that fall beyond biologically
plausible ranges [9].

Concordance relates to whether there is an agree-
ment between datasets that describe the same phenom-
enon [9]. By evaluating plausibility and concordance,
we were able to assess the correctness of vital sign data.

Setting
The North Denmark Region currently counts approxi-
mately 589,000 inhabitants [10].

The PPR is present in all emergency response ve-
hicles as an application on a custom tablet computer.
This enables prehospital emergency professionals, such
as paramedics and anaesthesiologists, to make entries
while in the ambulance or on scene [7]. From 2007 to
2015, an initial version of the PPR was used in the
North Denmark Region (amPHI 2 (am is short for am-
bulance, and PHI stands for amphitheatre — where
everybody can see what is happening)). During 2015,
the PPR was implemented as an updated version in all
Danish regions (amPHI 3). Vital signs are monitored on
a combined monitor and defibrillator in the ambu-
lances (2007-2015 LIFEPAK 12, and since April 2015
the LIFEPAK 15).

Materials
We investigated the proportion of registered vital signs

in 2007-2014 following the initial implementation
stage of the PPR in 2006, and in 2016 to 2017 follow-
ing the implementation of a new version of the PPR in
2015.

We defined vital signs as: systolic blood pressure
(BP), heart rate (HR), blood oxygen saturation (SpO,),
respiratory rate (RR), the Glasgow Coma Scale (GCS)
score and a numeric rating scale (NRS) pain score.

The ambulance personnel had regional guidelines
on how to register the vital signs [11, 12]. The LIFEPAK
monitor registers non-invasive BP, SpO, and HR, which
are automatically and wirelessly transferred to the PPR
by the push of a “transfer” button [13]. In LIFEPAK 12,
RR was mainly entered manually. In case of intubation
and capnography with end-tidal carbon dioxide
(etCO,) measurement, the RR was registered automat-
ically. After introduction of LIFEPAK 15, it has become
possible to monitor etCO, by a special nasal catheter,
which also enables automatic measurement of the RR.
RR was only measured when clinically relevant. The
GCS and NRS scores were recorded manually. The use
of NRS was only mandatory if the patient was given an-
algesics [12].

All vital signs data were extracted from the regional
PPR database.

Statistical analysis
We included the first registered measurement of each
of the six vital signs for every patient in the analysis.

Each vital sign was summarised as the median with
relevant percentiles, interquartile range 25-75% or as
the mean value with a 95% confidence interval (CI).

Completeness was calculated for each vital sign as
the measured vital signs divided by the number of am-
bulance runs, annually. A general linear model regres-
sion with cluster-robust variance estimation was used
to assess the change in successive registrations from
2007 to 2014. Pearson’s x> was used to estimate the
change in registration between the two years 2014 and
2016, as well as between 2016 and 2017.

Concordance was evaluated by plotting the data
and comparing the dataset from the old version of the
PPR and the new version for each vital sign.

We made a sensitivity analysis on data where we ex-
cluded clinically implausible values. Clinically implaus-
ible values for blood pressure were defined as: 1) sys-
tolic BP > 300 mmHg, 2) no diastolic BP available, 3)
the diastolic BP higher than the systolic BP and 4) the
difference between the diastolic and systolic BP being
20 mmHg or less in cases where the systolic BP was >
100 mmHg). In these cases, systolic BP was excluded
from the sensitivity analysis. HR was set to > 300 beats
per minute and RR to > 100 breaths per minute. The
other vital signs had well-defined cut-points; SpO,
>100%, the GCS score >15 and the NRS score >10.
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Statistical analyses were performed with STATA
version 15. The significance level was set to p < 0.05.

Trial registration: not relevant.

RESULTS

In the two periods 2007-2014 and 2016-2017, there
were 253,169 dispatched ambulances following a call
to the emergency number. The PPR registration and the
completeness of vital signs increased annually and sig-
nificantly from 2007 to 2014 (linear regression, p <
0.000) (Figure 1). Likewise, from 2016 to 2017 (Pear-
son’s ¥, p < 0.000). There was a significant decrease in
registrations in 2016 following the new PPR version in
2015 (Pearson’s ¥, p < 0.000). NRS scores were the
only exception as these increased significantly through-
out the entire study period (Pearson’s ¥, p < 0.000).
Overall, concordance was good as vital sign data
showed similarities in the distributions between the
periods with different versions of the PPR.

The proportion of patients with no vital signs meas-
ured was nearly halved from 2007 to 2014. A decline,
although to a lesser degree, was also seen from 2016 to
2017 (Table 1).

RR was predominantly measured as number of
breaths per minute, dividable by two throughout the
study period (Figure 2).

The mean and median vital sign values during both
periods were within the normal clinical range (Table
2). Less than 0.5% of the vital signs were determined as
outliers according to our cut-points, and there was no
significant difference in analysis between values with
and without the clinically implausible outliers.
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TABLE 1 / Number of vital signs measured on each patient.

Patients, n (%)

Vital signs, n® 2007 2014 2016

0 3,333 (18) 1,440 (5) 3,336 (11)
1 978 (5) 1,154 (4) 992 (3)
2 599(3 ) 858 (3) 1,137 (4)
3 3,676 (20) 775 (3) 1,420 (4)
4 5,719 (31) 2,810 (10) 3,232 (10)
5 4,276 (23) 17,271 (60) 15,025 (47)
6 16 (0) 4,387 (15) 6,512 (21)

a) Numbers are without clinically implausible outliers, 0 representing that no vital signs where measured,

the ambulance 112-run can only be included in 1 of the categories 0-6.

DISCUSSION
The study included 253,169 ambulance runs and found
that the completeness of registration of vital signs in
the PPR improved gradually during the years after the
initial implementation, reaching shares up to approxi-
mately 90% in 2014. The implementation of a new ver-
sion was followed by a significant decrease, except in
the NRS score. The decrease in the registration share in
2016 did not decline to the initial level and improved
again the following year. Overall, we found a decline in
the number of patients who had no vital signs meas-
ured. We found only few clinically implausible values
(0.5%). The decline in registration that was found in
2016 could be attributed to the implementation of the
new version of the PPR.

The highest and most steady completeness was ob-
served for the automatically measured signs: BP, HR
and SpO, with values ranging from 72% to 88%.

FIGURE 2 / The percentual distribution of respiratory rates as the number of breaths per minute, grouped into the two periods 2007-2014 (8 ) and 2016-
2017 (W ). The proportions are depicted without clinically implausible outliers.
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TABLE 2 [ Mean (95% confidence interval), median (interquartile range: 25%-75%) and minimum-maximum values for each vital sign.

2007-2014 2016-2017
n mean (95% CI) median (IQR) min.-max.? n mean (95% CI) median (IQR) min.-max.’

Vital signs - all values

Systolic BP 155,686 141.4(141.3-141.6) - 0-1,336 52,789 144.6 (144.4-144.9) mmHg - 0-267
mmHg

Heart rate 160,101 92.3(92.2-92.5) beats/ - 0-289 53,213 89.5(89.3-89.7) beats/ - 0-240
min. min.

Sp0;, 154,387 - 98 (95-99)% 0-1,922 53,028 - 97 (94-98)% 0-100

RR 129,584 - 18 (16-20) breaths/ ~ 0-161,632 50,661 - 18 (16-20) 0-161,020

min. breaths/min.

NRS pain score 20,545 - 6 (3-8) points 1-10 16,269 - 5 (2-8) points 0-3,605

Vital signs without clinically implausible outliers

Systolic BP 154,950 141.5(141.4-141.7) = 7-290 52,737 144.6 (144.4-144.9) mmHg 31-267
mmHg

Heart rate 160,101 92.3(92.2-92.5) beats/ - 0-289 53,213 89.5(89.3-89.7) beats/ 0-240
min. min.

Sp0, 154,385 = 98 (95-99)% 0-100 53,028 - 97 (94-98)% 0-100

RR 129,463 = 18 (16-20) breaths/ ~ 0-100 50,645 = 18 (16-20) 0-100

min. breaths/min.
NRS pain score 20,545 - 6 (3-8) points 1-10 16,198 - 5 (2-8) points 0-10

amPHI = ambulance-amphitheatre; BP = blood pressure; Cl = confidence interval; IQR = interquartile range; NRS = numeric rating scale; RR = respiratory rate; Sp0, = blood oxygen saturation.

a) Values registered in amPHI.

Registration of GCS gradually improved, as did RR and
NRS scores, even though these scores had the lowest
degree of completeness. Both NRS and RR were only
registered in the ambulances when clinically relevant,
which may have contributed to the low proportions re-
corded. RR was frequently scored on even numbers,
which could indicate that the RR is counted and then
multiplied. RR registration was performed in 82% of

the ambulance runs in 2014, decreasing to 77% in

2016 despite implementation of a new monitor that au-
tomatically measures the RR, supplementing the man-
ual count. However, the automatically measured res-

piratory rate is available only when the patient is

equipped with a nasal catheter that measures etCO,.

Study strengths and limitations
The major strength of the study was the large study

population, which covers all emergency patients who
called an ambulance in a free-access healthcare system.
Together with the long study period, this ensured that
the PPR covered all age groups and all types of emer-
gencies and patients and allowed us to elucidate the
trend over time. The automatic transferral of BP, HR and
SpO, was a major strength compared with manual regis-
tration. However, the transferral still required the push
of a “transfer” button. Especially in the early years after
introducing the PPR, ambulance personnel may have
forgotten to press the button, which may have led to an
underestimation of the number of measured vital signs.

The few implausible clinical outliers that were

found may be underestimated as we only defined up-
per limits for HR and SpO, but no lower limits. We
chose this because we did not want to exclude meas-

urements in critical illness including cardiac arrest,
where vital signs are zero or extremely low. Although
the readings from some of the technical equipment be-

come unreliable below certain values, we cannot estab-

lish with certainty if a low value is due to technical is-

sues, or if it was, indeed, as low as displayed. It is
known that blood pressure measurements and the ac-
curacy of these measurements can be affected during
transport [14]. Thus, we defined several criteria for the
BP measurements to be excluded in the secondary ana-
lysis. However, this had almost no effect on the mean
values. Audit of medical records of individual patients
are needed to further clarify this. The high limits de-

fined for both pulse and RR were set as our study popu-
lation included children.

We only included the patients’ first registered vital
sign measurements in the analysis as our aim was to in-
vestigate vital signs data completeness. Furthermore,
this represents the patient’s condition as met by the am-
bulance personnel shortly after the ambulance arrived.

The main limitation of the study is the missing
registrations of vital signs, and we cannot tell whether
these were missing in minor injuries or illnesses or in
critically ill patients where registration was not priori-
tised.

Finally, results comparing the two study periods in-
clude two different versions of the PPR, which probably
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explains why there was a decrease in registration com-
pleteness for both time periods.

Comparison with other studies

In this study of registration completeness of vital signs
in the PPR, we found a gradual increase following both
implementation stages.

Excluding the NRS score and RR, registration com-
pleteness was high (above 80%) at the end of both pe-
riods. This high rate could be attributed to the elec-
tronic PPR. A previous study by Skytteberg et al
investigated the effects on data quality of vital signs by
the use of three different documentation types in
Swedish emergency departments [15]. They found that
departments using electronic documentation, or a mix
of electronic and paper-based documentation, had a
higher completeness (lowest 62%) than those using
only paper-based documentation (highest 2%) [15].

We found the proportion of patients with no meas-
ured vital signs to be 5% in 2014 and 9% in 2017.
Laudermilch et al found that trauma patients missing
one or more measurement of HR, BP and RR had an in-
creased risk of death with an odds ratio of 2.15 (95%
CI: 1.13-4.10), indicating that the cause of non-regis-
tration may be the critically injured or ill patients [6].
The same assumption could be applied to the patients
missing vital signs in our study.

The low registration of RR has been found in other
studies as well. In 2003, Hgyer et al examined vital par-
ameters in a mixed emergency department population
and found RR to be the parameter that had the lowest
registration share with only 55% [16]. Nonetheless, RR
is important as shown by Seymour et al who examined
out-of-hospital clinical predictors for critical illness
during hospitalisation for non-trauma patients. They
found that patients experiencing critical illness pre-
sented with an abnormal respiratory rate, and the risk
of critical disease increased with an elevated RR [17].

The low registration rate for the NRS score in our
study (25% in 2016) is probably due to the score only
being applicable if patients are in pain and are given
analgesics. On the other hand, pain might be an under-
estimated problem, as indicated by Friesgaard et al,
who showed that only 27% of patients with a hip frac-
ture were treated with intravenous fentanyl in the pre-
hospital setting [18].

Future perspectives

We found that the completeness of prehospital vital
sign registration improved over the years, and less than
10% had no vital signs measured at the end of both pe-
riods, i.e. 2014 and 2017. Data correctness, in the form
of very few implausible outliers, as well as concordance
were high throughout the entire study period. How-
ever, we observed considerable variation and a de-
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crease in performance following the implementation of
the new version of the PPR. We recommend continuous
monitoring of data completeness and regular feedback
to the ambulance personnel to stimulate improved reg-
istration. Vital signs data of good quality support pa-
tient care and treatment when the patients reach hospi-
tal, and may contribute to an improved outcome. Audit
of selected patient cases may be useful as a method to
evaluate the validity of the data, especially when study-
ing selected patient groups such as critically ill patients.

CONCLUSIONS

It took years to improve the completeness of registra-
tion of vital signs after the initial implementation of a
PPR in the ambulances in the North Denmark Region.
Implementation of a new version led to a slight decline
in completeness, but this improved the following years.
The high registration completeness, the few clinically
implausible outliers and concordance indicate correct-
ness of the registered vital signs from the PPR in the
ambulances.
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