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Background. We recently introduced the efficacy safety score (ESS) as a new “call-out algorithm” for management of postoperative
pain and side effects. In this study, we report the influence of ESS recorded hourly during the first 8 hours after surgery on the
mobility degree, postoperative nonsurgical complications, and length of hospital stay (LOS).Methods. We randomized 1152 surgical
patients into three groups for postoperative observation: (1) ESS group (𝑛 = 409), (2) Verbal Numeric Rate Scale (VNRS) for pain
group (𝑛 = 417), and (3) an ordinary qualitative observation (Control) group (𝑛 = 326). An ESS > 10 or VNRS > 4 at rest or
a nurse’s observation of pain or adverse reaction to analgesic treatment in the Control group served as a “call-out alarm” for an
anaesthesiologist. Results. We found no significant differences in the mobility degree and number of postoperative nonsurgical
complications between the groups. LOSwas significantly shorter with 12.7±6.3 days (mean ± SD) in the ESS group versus 14.2±6.2
days in the Control group (𝑃 < 0.001). Conclusion. Postoperative ESS recording in combination with the possibility to call upon
an anaesthesiologist when exceeding the threshold score might have contributed to the reductions of LOS in this two-centre study.
This trial is registered with NCT02143128.

1. Introduction

The aim of modern management of postoperative pain is
to enable functioning while relieving suffering; it is not
enough to minimize side effects. Still, between 20% and
40% of surgical patients report high levels of postoperative
pain, and almost 25% have experienced adverse effects of

opioid analgesics [1]. Unsatisfying methods for evaluation of
efficacy and side effects of analgesics, irregular recording of
clinical information, and absence of a clearly defined “call-
out algorithm” for nurses might contribute to a postoper-
ative pain treatment suffering from both side effects and
fatalities [1–5]. A large study performed in four New York
hospitals revealed that patients with higher pain scores at
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Table 1: Description of efficacy safety score (ESS).

Score
Mental status
Awake and alert patient 0
Awake patient but influenced by drugs; difficulties in communication 5
Acutely confused, upset/uneasy, hallucinated, or euphoric patient 10
Unresponsive patient 15

∗

Postoperative nausea and vomiting (PONV) status
No postoperative nausea and vomiting 0
Postoperative nausea only 5
Postoperative nausea and vomiting/retching 10
Pain status at rest
No postoperative pain 0
Low-intensity postoperative pain (VNRS 1–3) 1–3
Moderate-intensity postoperative pain (VNRS 4–6) 4–6
Severe-intensity postoperative pain (VNRS 7–10) 7–10
Pain status during mobilization
No postoperative pain 0
Low-intensity postoperative pain (VNRS 1–3) 1–3
Moderate-intensity postoperative pain (VNRS 4–6) 4–6
Severe-intensity postoperative pain (VNRS 7–10) 7–10
General condition status
Patient is stating feeling well 0
Patient has side effects apart from pain and nausea vomiting (e.g., sensation of warmth, flushing, itching,
constipation, and urine retention) 5

Patient has acute severe circulation abnormalities (blood pressure ≤ 80 or ≥200mmHg or mean arterial pressure <
50mmHg and heart rate ≤ 40 or >110) 15

∗

Patient has developed acute severe respiratory abnormalities (unusual respiration or respiration rate < 9 or
>20/min, long pauses in breathing, and shallow breathing) 15

∗

∗Any single score of 15 (on either consciousness, circulation, or respiration) should call for immediate activation of acute assistance with the patient.

rest had significantly longer length of hospital stay (LOS) [6].
According to the latter investigators,moderate-to-severe pain
at rest and reduced mobility after surgery were associated
with increase neither in complications nor in morbidity and
mortality postoperatively. The authors suggest that improved
pain control might reduce LOS [6].

Other investigators recently reported that side effects
of drugs had more than doubled in the hospitals that had
introduced pain management guided by the patients’ own
numerical scale scores [7].These authors suggested that more
than just a one-dimensional numeric assessment of pain
should be surveyed to make postoperative treatment safe and
effective [7]. We developed the efficacy safety score (ESS),
a new “call-out algorithm” for nurses in surgical depart-
ments, and implemented it in clinical practice at Kongsberg
Community Hospital in Norway [8] after reports of fatalities
due to postoperative overdoses of opioids in Norwegian
hospitals [4, 5]. We established ESS after obtaining consensus
in a DELPHI process between 10 international experts [9]
on which parameters should be included in the score. The
final version of ESS consists of the sum of two subjective
parameters (Verbal Numeric Rating Scale at rest and during

mobilization) and four vital parameters (consciousness levels,
postoperative nausea/vomiting, circulation, and respiration
status), as depicted in Table 1 [8]. The mathematical sum
of ESS ≥ 10 is agreed upon by the experts as “the call-out
alarm level” for informing the anaesthetist on duty, while
any single score of 15 (on either consciousness, circulation,
or respiration) is proposed as an alarm limit for immediate
support of the patient [8]. Subsequently, we validated ESS
for score criteria quality [10] and sensitivity for reflections of
the patient’s postoperative status [8]. Many factors like type
of surgery, postoperative pain monitoring, and treatment
can influence LOS [6], but, thus far, the topic has been
undercommunicated. We hypothesized that better control of
postoperative pain treatment and its side effects by monitor-
ing ESSmight influence the degree of mobility andmorbidity
in surgical patients and consequently reduce LOS. Thus, our
aim was to validate the influence of recording ESS and the
application of a “call-out algorithm” on LOS in two university
hospitals in which the routine policy of registration of pain as
“the fifth vital sign” had not been adopted yet. The primary
endpoint of the study was to assess LOS in groups of patients
with different types of clinical data records and “call-out
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Evaluated for eligibility

(n = 1200)

Excluded because of not
meeting the inclusion criteria
(n = 48)

Underwent randomization

(N = 1152)

VNRS group: registration of
VNRS during the first 8 hours
a�er surgery (n = 417)

ESS group: registration of ESS
during the first 8 hours a�er
surgery (n = 409)

Control group: ordinary clinical
registration during the first 8
hours a�er surgery (n = 326)

�e primary outcome: length
of stay (LOS) in the hospitals

�e secondary endpoints:
mobility degree, amounts of
postoperative complications,
28-day survival

Figure 1: Flow chart of the study.

algorithms,” while secondary endpoints were to compare the
degree of mobilization, number of postoperative nonsurgical
complications, and 28-day survival between the groups.

2. Methods

2.1. Ethics. Ethical approval of this clinical trial was provided
by the Ethical Committee of Scientific Research Institute of
Traumatology and Orthopaedics, Astana, Kazakhstan (ref.
2014-002, Chairperson: Professor T. Anashev), on 28 Febru-
ary 2014 and the Ethical Committee of Kuban State Medical
University, Krasnodar, Russia (ref. 2014-027, Chairperson:
Professor E. Bolotova) on 20 March 2014. In both countries,
the study was considered as a quality assessment of efficacy
and safety of pain treatment without any intervention apart
from enforced surveillance. Thus, the project was approved
with no need for informed consent of the patients.

2.2. Settings. The study was performed in the departments of
abdominal surgery, orthopaedics, gynaecology, urology, and
vascular surgery andhigh dependency units (HDU) atAstana
University Hospital, Astana, Kazakhstan, and Krasnodar
University Hospital, Krasnodar, Russia.

2.3. Inclusion Criteria. During the period from 1 March 2014
to 31 May 2015, all surgical patients whom we expected to
need observation in hospital for more than 8 hours postop-
eratively and were able to communicate adequately with the
nursing staff immediately after surgery were considered for
inclusion.

2.4. Exclusion Criteria. We excluded patients below 18 years
of age, patients with poor communication capabilities due
to psychiatric diseases, dotage, and language problems, and
patients who refused to communicate.

2.5. Procedures. Figure 1 depicts a detailed plan of the study.
After inclusion, we randomized patients (by means of sealed
envelopes) into one of three groups: (1) a record of ESS
group (ESS group, Table 1), (2) a record of pain with Ver-
bal Numeric Rate Scale group (VNRS group), in which 0
indicates no pain and 10 indicates “worst imaginable pain,”
and (3) a group in which ordinary clinical documentation
was performed during the first 8 hours after surgery (Control
group). In all groups, we recorded the mobility degree hourly
during the first 8 hours postoperatively and noticed the
degree of mobility from 0 to 3, where 0 indicates lack
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of mobility, 1 indicates mobilization in bed, 2 indicates
mobilization to a chair (bedside), and 3 indicatesmobilization
to standing. Table 1 presents detailed information about ESS
with weighted scores. Based on the results of our study
conducted at Kongsberg Community Hospital, Kongsberg,
Norway, “call-out” alarm for ESS ≥ 10 was established
for consultation by telephone or visit by the responsible
anaesthesiologist or acute pain team on duty [8]. In the
VNRS group, we based “call-out” decision on VNRS > 4
at rest, while in the Control group “call-out” decision was
based on judgement of the patient’s clinical condition by a
nurse. We defined the ordinary evaluation by nurses in the
Control group as the traditional routine clinical observation
and care that were usually applied in these hospitals. Nurses
in surgical departments and high dependency units recorded
all clinical variables and mobility degree, while research
fellows collected all demographic variables. The latter also
registered all postoperative nonsurgical complications, such
as cardiovascular (arrhythmias, ischaemic heart attacks,
cardiac failure, low arterial blood pressure, and deep vein
thrombosis) and pulmonary symptoms (atelectasis, pleural
effusion, pneumonia, and pulmonary embolism) during the
first 8 hours after surgery and contacted all patients or
their relatives by mobile telephone for verification of 28-day
survival. For evaluation of the physiological status of the
patients, we used the American Society of Anaesthesiologists
(ASA) Classification System. In that system, ASA I depicts a
normal healthy patient, ASA II depicts a patient with mild
systemic disease without substantial functional limitations,
ASA III depicts a patient with one or more moderate-to-
severe diseases and substantive functional limitations, ASA
IV depicts a patient with severe systemic disease that is a
constant threat to life, ASAVdepicts amoribund patient who
is not expected to survive without the operation, and ASA VI
depicts a declared brain-dead patient whose organs are being
removed for donor purposes.

2.6. Sample Size Calculation. We planned to recruit 180–200
patients into each group during a period of 12 months in
each of the participating hospitals (total number: 1080–1200
patients) assuming an 18–20% difference in LOS between the
groups for testing of sample size with 80% power and a two-
sided significance level of 5%.

All subjective and objective clinical data were recorded
in an especially designed program for mini iPad. Five mini
iPads in each hospital were used for sampling and registration
of clinical data that were subsequently transferred to the
Structured Query Language (SQL) database using Clouds
technology. Information about the record program with
detailed video instructions is available on the following web
site: http://essdb.no/index.php/en/application-en.

2.7. Statistical Analysis. Statistical data analyses were per-
formed with cluster analyses of intracluster correlation coef-
ficient, one-way ANOVA, and Chi square analyses using
IBM� SPSS� Statistics 21.0. Data distribution was assessed
using Shapiro-Wilk test. We used Kruskal-Wallis One-Way
Analysis of Variance on Ranks to compare the difference
between groups. If 𝐹 value was greater than the critical

value, ANOVA was followed by Dunn’s method for pairwise
multiple comparisons to obtain𝑃 values between groups.The
data are presented as means ± standard deviations (SD) for
age, Body Mass Index (BMI) as numbers and percentages
(𝑛, %) for the ESS values, gender, American Society of
Anaesthesiologists (ASA) physical status classification, and
type of surgery and anaesthesia.The results of hospital length
of stay (LOS) in days are presented as median (solid line),
mean (dashed line), and 10th, 25th, 75th, and 90th percentiles
as vertical boxes with error bars; outliers are presented as
open circles.

Additionally, we retested the “null hypothesis” by remov-
ing patients with extreme values of LOS from the data
analysis. In this analysis, we defined patients with LOS below
the 5th percentile and above the 95th percentile of themedian
as outliers and removed them from the LOS data of each
hospital, the clustered LOS data of both hospitals, and the
LOS data of all patients after laparoscopic cholecystectomy.
Subsequently, we used the Kruskal-Wallis One-Way Analysis
of Variance on Ranks to compare the difference between the
groups. If 𝐹 value was greater than the critical value, ANOVA
was followed by Dunn’s method for pairwise multiple com-
parisons to obtain 𝑃 values between the groups. 𝑃 < 0.05was
regarded as statistically significant.

3. Results

Totally, 1152 patients, 679 from the University Hospital of
Astana and 473 from the University Hospital of Krasnodar,
were included in the study during the period from 3 March
2014 to 26 May 2015. Tables 2 and 3 display basic demo-
graphic, anthropometric, and clinical characteristics of the
three groups of patients studied in each of the hospitals.
As depicted in Table 2, there were no statistically significant
differences between the groups in demographic and clinical
variables, such as age, BMI, gender, ASA classification, and
type of anaesthesia and surgery in patients included in the
study at the University Hospital of Astana. In contrast, we
found significant differences between the groups in such
clinical variables as ASA classification (𝑃 < 0.0001), type of
surgery (𝑃 = 0.0008), and anaesthesia (𝑃 = 0.0034) at the
University Hospital of Krasnodar. As shown in Table 3, 25.5%
of the patients in the Control group were classified as ASA I
versus 4.4% in the ESS group.Moreover, we listed 21.6% of the
patients of the Control group as ASA III versus 39.7% in the
ESS group. Concerning type of surgery, there were differences
between theControl and the ESS groups in endocrine surgery
(4.9% versus 16.0%) as well as in urological (15.6% versus
7.1%) and vascular (7.8% versus 2.7%) surgery, respectively
(Table 3). In the Control group, more patients received spinal
anaesthesia as compared with the ESS group (13.7% versus
3.8%). In the former group, more patients also were given
total intravenous anaesthesia as compared to the ESS group
(4.9% versus 1.6%). Finally, Table 3 also shows that general
anaesthesia with sevoflurane and fentanyl was applied more
often in the ESS group as compared with the Control group
(55.2% versus 37.2%).

We observed no significant differences between the
groups and hospitals concerning the degree of mobilization,

http://essdb.no/index.php/en/application-en
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Table 2: Demographics, anthropometrics, and clinical characteristics of patients (𝑛 = 679) included in the study at the University Hospital
of Astana.

ESS (𝑛 = 228) VNRS (𝑛 = 227) Control (𝑛 = 224) 𝑃 value
Age: mean ± SD 43.4 ± 16.4 42.4 ± 16.4 44.9 ± 15.8 𝑃 = 0.72

∗

BMI: mean ± SD 26.8 ± 6.1 26.3 ± 5.6 27 ± 5.9 𝑃 = 0.39
∗

Gender
Male: 𝑛 (%) 116 (50.8%) 132 (58.1%) 120 (53.6%)

𝑃 = 0.28
∗∗

Female: 𝑛 (%) 112 (49.2%) 95 (41.9%) 104 (46.4%)
ASA classification: 𝑛 (%)

ASA I 5 (2.2%) 6 (2.6%) 5 (2.2%)

𝑃 = 0.43
∗∗

ASA II 145 (63.6%) 131 (57.7%) 126 (56.2%)
ASA III 76 (33.3%) 89 (39.2%) 96 (42.9%)
ASA IV 2 (0.9%) 1 (0.4%) 0

Type of surgery: 𝑛 (%)
Orthopedic 202 (88.6%) 199 (87.6%) 207 (92.4%)

𝑃 = 0.38
∗∗Abdominal 10 (4.3%) 14 (6.2%) 9 (4%)

Vascular 16 (7%) 14 (6.2%) 8 (3.6%)
Type of anaesthesia: 𝑛 (%)

Sevo + fentanyl 74 (32.4%) 81 (35.7%) 79 (35.2%)

𝑃 = 0.79
∗∗

Regional 38 (16.6%) 46 (20.2%) 45 (20%)
SA ± EDA 102 (44.7%)/4 (1.7%) 93 (41%)/4 (1.8%) 89 (39.7%)/6 (2.6%)
TIVA 14 (6.1%) 9 (3.9%) 8 (3.6%)

∗ANOVA; ∗∗Chi square analysis. Sevo: sevoflurane; EDA: epidural anaesthesia; SA: spinal anaesthesia; TIVA: total intravenous anaesthesia.

Table 3: Demographics, anthropometrics, and clinical characteristics of patients (𝑛 = 473) included in the study at the University Hospital
of Krasnodar.

Variables ESS (𝑛 = 181) VNRS (𝑛 = 190) Control (𝑛 = 102) 𝑃 value
Age: mean ± SD 55.2 ± 14.7 55.1 ± 15.6 56 ± 14.9 𝑃 = 0.87

∗

BMI: mean ± SD 28 ± 17 27.8 ± 5.9 25.1 ± 4.5 𝑃 = 0.08
∗

Gender
Male: 𝑛 (%) 69 (38.2%) 69 (36.4%) 49 (48%)

𝑃 = 0.13
∗∗

Female: 𝑛 (%) 112 (61.8%) 121 (63.6%) 53 (51.9%)
ASA classification: 𝑛 (%)

ASA I 8 (4.4%) 11 (5.7%) 26 (25.5%)

𝑃 < 0.0001
∗

ASA II 99 (54.6%) 100 (52.6%) 53 (51.9%)
ASA III 72 (39.7%) 78 (41%) 22 (21.6%)
ASA IV 2 (1.1%) 2 (1%) 1 (0.9%)

Type of surgery: 𝑛 (%)
Abdominal 115 (63.5%) 125 (65.7%) 61 (59.8%)

𝑃 = 0.0008
∗∗

Endocrine 29 (16%) 18 (9.4%) 5 (4.9%)
Gynaecology 19 (10.4%) 9 (4.7%) 12 (11.7%)
Urology 13 (7.1%) 18 (9.4%) 16 (15.6%)
Vascular 5 (2.7%) 20 (10.5%) 8 (7.8%)

Type of anaesthesia: 𝑛 (%)
Sevo + fentanyl 100 (55.2%) 103 (54.2%) 38 (37.2%)

𝑃 = 0.0034
∗∗

Sevo + fentanyl + EDA 77 (42.5%) 68 (35.7%) 45 (44.1%)
SA ± EDA 7 (3.8%)/6 (3.3%) 15 (7.8%)/7 (3.6%) 14 (13.7%)/4 (3.9%)
TIVA 3 (1.6%) 2 (1%) 5 (4.9%)

∗ANOVA; ∗∗Chi square analysis. Sevo: sevoflurane; EDA: epidural anaesthesia; SA: spinal anaesthesia.; TIVA: total intravenous anaesthesia.
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Figure 2: Length of hospital stay (LOS) of patients included in the
study in University Hospital of Astana, Astana, Kazakhstan (𝑛 =
679). Data are presented as vertical boxes with median (solid line),
mean (dashed line), and interquartile range with 10th percentile and
90th percentile error bars. Outliers are presented as open circles.
∗

𝑃 = 0.011 comparing ESS group versus Control group.
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Figure 3: Length of hospital stay (LOS) of patients included in the
study in University Hospital of Krasnodar, Krasnodar, Russia (𝑛 =
473). Data are presented as vertical boxes with median (solid line),
mean (dashed line), and interquartile range with 10th percentile and
90th percentile error bars. In the VNRS group, the 10th percentile
error bar is matching with the lower line of the box. Outliers are
presented as open circles. ∗𝑃 = 0.022 comparing ESS group versus
Control group.

the number of postoperative nonsurgical complications, or
mortality during the 28 days of observation time (data not
presented). As depicted in Figures 2 and 3, in both hospitals,
patients in the ESS group had significantly shorter LOS as
compared to the Control group. Calculation of intracluster
correlation coefficients revealed no significant differences in
clustered data. Therefore, we pooled the results from both
hospitals for further analyses of LOS which demonstrated a
significant intergroup difference in LOS between 12.7 ± 6.3
days in the ESS group and 14.2±6.2 days in the Control group
(𝑃 < 0.001) but not between the ESS and the VNRS group:
13.5 ± 6.2 days (Figure 4).
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Figure 4: Length of hospital stay (LOS) of patients included in the
study from both hospitals (𝑛 = 1152). Data are presented as vertical
boxeswithmedian (solid line),mean (dashed line), and interquartile
range with 10th percentile and 90th percentile error bars. Outliers
are presented as open circles. ∗𝑃 < 0.001 comparing ESS group
versus Control group.

In the ESS group, we found that 120 out of 409 patients
(approximately 29%) were registered with ESS of more than
10 after the first postoperative hour, and therefore a telephone
consultation or visit by the anaesthesiologist on duty was
required according to the “call-out alarm” routine (ESS ≥ 10).
However, the number of patients with ESS above 10 decreased
gradually during the entire postoperative period, and, at 8
hours postoperatively, only 3.6% (𝑛 = 15) of the patients
had ESS ≥ 10. In total, 517 visits were registered during the
first 8 hours of observation in patients with ESS ≥ 10, whereas
4.4% (𝑛 = 23) were caused by “false alarms,” according to the
journal notes of the anaesthesiologists on duty. Correspond-
ingly, in the VNRS and the Control groups, anaesthesiologist
made 678 and 296 visits, respectively, whereas 4.7% (𝑛 = 32)
and 2.3% (𝑛 = 7), respectively, were “false” according to the
visiting anaesthesiologists.

In order to exclude the influence of different types
of surgery, we carried out an analysis of a subgroup of
114 patients who underwent laparoscopic cholecystectomy.
Table 4 displays the demographic and clinical characteristics
of the patients. We did not find any significant differences
between the three groups in such demographic or clinical
characteristics as age (𝑃 = 0.15), gender (𝑃 = 0.61), or
ASA classification (𝑃 = 0.39) (Table 4). Further, there were
no differences between the groups in degree of mobility and
number of postoperative nonsurgical complications (data not
shown). However, as far as LOS after laparoscopic cholecys-
tectomy is concerned (Figure 5), we observed significantly
lower LOS in the ESS group versus the Control group (𝑃 =
0.003) and in the ESS group versus the VNRS group (𝑃 <
0.001).

Record of ESS during the first 8 hours after laparoscopic
cholecystectomy demonstrated that almost 30% (𝑛 = 11) of
the patients (𝑛 = 36) had anESS≥ 10 at 1st postoperative hour,
and according to the “call-out algorithm” they either had a
telephone consultation or were seen by the anaesthesiologists
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Table 4: Pooled demographics, anthropometrics, and clinical characteristics of patients included in the study after laparoscopic
cholecystectomy from the university hospitals of Astana and Krasnodar (𝑛 = 114).

ESS group
(𝑛 = 36)

VNRS group
(𝑛 = 54)

Control group
(𝑛 = 24)

𝑃 value

Age: mean ± SD 51.8 ± 14.9 49.7 ± 13.4 56 ± 12.5 𝑃 = 0.15
∗

BMI: mean ± SD 26.8 ± 4.2 29.2 ± 5.8 27.1 ± 4.5 𝑃 = 0.06
∗

Gender
Male: 𝑛 (%) 10 (27.7%) 11 (20.4%) 5 (20.8%)

𝑃 = 0.61
∗∗

Female: 𝑛 (%) 26 (72.3%) 43 (79.6%) 19 (79.2%)
ASA classification: 𝑛 (%)

ASA I 1 (2.7%) 4 (7.4%) 3 (12.5%)
𝑃 = 0.39

∗∗

ASA II 23 (63.8%) 34 (62.9%) 11 (45.8%)
ASA III 12 (33.3%) 16 (29.6%) 10 (41.6%)

Type of anaesthesia: 𝑛 (%)
Sevo + Fentanyl 36 (100%) 47 (100%) 15 (100%)

∗ANOVA; ∗∗Chi square analysis. Sevo: sevoflurane.
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Figure 5: Length of hospital stay (LOS) of patients included in
the study after laparoscopic cholecystectomy from both hospitals
(𝑛 = 114). Data are presented as vertical boxes with mean (dashed
line) and interquartile range with 10th percentile and 90th percentile
error bars. In the ESS andVNRS groups, the 10th percentile error bar
is matching with the lower lines of the boxes. Outliers are presented
as open circles. #ESS group versus Control group, 𝑃 = 0.003; #ESS
group versus VNRS group, 𝑃 < 0.001.

on duty. At the end of ESS registration 8 hrs postoperatively,
only two patients had an ESS ≥ 10.

In the additional analysis of data from the University
Hospital of Astana, we found totally 54 patients with LOS
values below and above the 5% and 95% range of the median,
respectively. These data were removed from their respective
groups. Thus, we removed 19 patients from the ESS group,
15 patients from the VNRS group, and 20 patients from the
Control group. Actually, the difference in LOS between the
ESS and Control groups remained significant (𝑃 = 0.003
versus 𝑃 = 0.011). Correspondingly, in LOS data collected
at the University Hospital of Krasnodar, we omitted 10,
6, and 7 patients, respectively, from the ESS, VNRS, and
Control groups. Intergroup comparison of LOS revealed that

differences between the ESS and theControl groups remained
significant (𝑃 = 0.002 versus 𝑃 = 0.022) after omitting the
patients with extreme values of LOS. After reanalysing the
data, we also found a significantly lowered LOS in the VNRS
group in comparison with the Control group (𝑃 = 0.012).

In the clustered data from both hospitals, we omitted 27,
36, and 28 patients, respectively, from the ESS, VNRS, and
Control groups. The significant difference between the ESS
and the Control groups (𝑃 < 0.001) was confirmed, and,
additionally, we found a significant difference between the
ESS andVNRS groups (𝑃 = 0.011). Finally, we also confirmed
the significant difference between the ESS and the Control
groups (𝑃 = 0.003) after omitting the patients with extreme
values of LOS after laparoscopic cholecystectomy.

4. Discussion

The main finding of the present two-centre trial was that
the length of stay in hospital was significantly lower in the
ESS group as compared with the Control group, while we
noticed no differences between the VNRS group and the
Control group. Correspondingly, in both hospitals, subgroup
of patientswho underwent laparoscopic cholecystectomyhad
significantly shorter LOS in the ESS group as compared
with the VNRS and the Control groups. Additional statistical
analysis revealed that the differences between the ESS and
the Control groups, separately in each hospital, and in
the clustered data from both hospitals remained significant
after omitting the patients with extreme values of LOS. The
reanalysis of data also confirmed the significant difference
between the ESS and the Control groups in patients after
laparoscopic cholecystectomy.

A policy for routine medical record of pain, as “the
fifth vital sign,” has not yet been adopted by the University
Hospital of Astana in Kazakhstan and University Hospital of
Krasnodar in Russia. So far, the latter institutions make no
routine use of any postoperative pain or quality assessment
score, like the Numeric Rate Scale (NRS) or the Modified
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Early Warning Score (MEWS), which have different objec-
tives [11]. Consequently, there was no ethical problem for
the medical staff of these institutions associated with the
inclusion of patients into the Control group of the present
study. Most advantageously, the trial was uninfluenced by
any other pain score or “call-out algorithm” that could
warn against emerging deterioration of patients’ wellbeing
or general condition. In order to improve the quality of the
recorded data, we developed a special program for iPad with
alarms that both reminded the nursing staff on the time of
data acquisition and alerted the anaesthesiologists on duty
in situations with ESS ≥ 10 or VNRS > 4 at rest. In order
to avoid any bias, nurses not involved in the study collected
the data in this trial. Actually, due to the simplicity in use
and the popularity among the nursing staff, the adminis-
tration of Kongsberg Hospital approved ESS as a method
for assessment of efficacy and safety of pain treatment.
Detailed information about ESS and the special program
for registration on iPad is available on http://esscore.org/
and http://essdb.no/. We primarily tested ESS in a study
that included 207 postoperative patients and validated the
score against quality criteria proposed for measurement
properties of health status questionnaires [10]. Retrospec-
tively, we realize that the latter validation had several biases.
Unfortunately, almost 97% of the patients received total
intravenous and/or spinal/epidural/regional anaesthesia, and
only 3%were anaesthetisedwith inhalational anaesthetics [8].
In contrast, in Krasnodar and Astana, most of the patients
included were anaesthetised with sevoflurane and fentanyl.
However, in spite of differences in type of anaesthesia and
surgery, we found ESS ≥ 10 at 1st hour postoperatively in
29.3% of the patients. This was nearly the same percentage
(29%), at the same time point, as in patients included in
the validation study conducted at Kongsberg Hospital. This
consistency is in agreement with a previously published
clinical study [2] demonstrating that approximately 30% of
all surgical patients suffered severe postoperative pain.

On average, pooled data from the two hospitals showed
that LOS varied between 12 and 14 days in both hospitals.
This is consistent with previously reported health data in
Organisation for Economic Co-operation and Development
(OECD) [12] demonstrating that the average LOS in Russia
is approximately 13.6 days. However, according to European
statistics published on the Internet [13], the average length of
hospital stay for inpatients ranged from 5.5 days in Bulgaria
to 9.6 days in Croatia, with Finland topping the list with an
average LOS of 10.6 days. Today, LOS is often used as an
indicator of hospital efficiency [13]. Nevertheless, too short
average of LOS might cause negative effects on health out-
comes [14]. A retrospective study representing three hospitals
in Japan and two in the USA demonstrated that median LOS
in hip fracture patients was 34 days in Japan and 5 days
in the USA [14]. Meanwhile, survival rate at follow-up, six
months after surgery, was 89.5% in Japan and 77.2% in USA.
Moreover, a Cox regression analysis revealed that every 10-
day increase in LOS after surgery was associated with a 26%
reduction in the risk of mortality (hazard ratio = 0.744, 𝑃 =
0.014) after adjusting for LOS before surgery, patients’ basic
characteristics, number of complications, and country. Based

on these findings, the authors concluded that shorter LOS
after surgery did not necessarily predict better survival rate
[14]. The recently published EuroHOPE study that included
59 605 hip fracture patients across seven European countries
demonstrated that Hungary had the lowest LOS (12.7 days)
and the highest one-year mortality (mean: 39.7%), whereas
Italy had the highest mean LOS (23.3 days) and the lowest
one-year mortality rate (mean: 19.1%) [15]. Thereto, a cohort
study from Sweden, which included 116 111 patients with hip
fractures, reported that shorter LOS was associated with
increased risk of death 30 days after discharge from hospital
but only among patients with LOS 10 days or less [16]. In
contrast to the Swedish findings, a cohort study from the
USA, which included a total of 188 938 hip fracture patients
and a LOS of 11–14 days, was associated with 32% increased
odds of death 30 days after discharge, as comparedwith a LOS
of 1 to 5 days (odds ratio: 1.32) [17]. Large differences in the
perioperative and postoperative care of hip fracture patients
between Japan, Europe, and USA might give the opposite
results [17]. Therefore, caution should be exercised when
comparing results of this kind of studies between countries
with dissimilar health care systems [17].

Our study has several limitations. We found no dif-
ferences between the three groups in degree of mobility,
number of postoperative nonsurgical complications, and 28-
day survival. Actually, these findings were not surprising as
modern anaesthesia [18] and postoperative analgesia tech-
niques [19] principally demonstrate low incidences of post-
operative complications and, consequently, low postoperative
morbidity and mortality. However, we were not able to con-
firm the hypotheses that better monitoring of postoperative
pain treatment and its side effects by assessment of ESS
could have positive influence on the degree of mobility and,
consequently, on the morbidity in surgical patients.Thus, the
mechanisms causing the reduction of LOS in the ESS groups
remain unknown. Another limitation of our study is that we
did not record the total time and dosage of anaesthesia during
surgery, and it is unclear whether they were comparable
across all participants. We noticed no significant differences
between the groups with regard to demographic variables as
age, BMI, gender, ASA classification, and type of anaesthesia
in the hospital of Astana. In contrast, we found significant
differences between the groups regarding ASA classification,
type of surgery, and anaesthesia in the University Hospital of
Krasnodar. Indeed, these differences might have influence on
the length of stay in University Hospital of Krasnodar and,
consequently, be considered as a limitation of the study. In
order to avoid the effect of differences in ASA classification,
type of surgery, and anaesthesia on LOS, we selected and
analysed additional data from all patients operated with
laparoscopic cholecystectomy in the two hospitals. We found
that LOS after laparoscopic cholecystectomywas significantly
shorter in the ESS group as comparedwith the Control group.
As mobility degree and morbidity displayed no significant
intergroup differences, we could not identify the precise
mechanism that contributed to the reduction of LOS in
the ESS group. The latter, together with a lack of blinding
procedures, also can be considered as limitations of the study.
However, it is important to stress that surgeons responsible

http://esscore.org/
http://essdb.no/
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for the discharge of patientswere neither involved in the study
nor informed about the primary endpoint of the clinical trial.
Thus, we do believe that the medical staffs were sufficiently
blinded to exclude any personal influence on the results of the
study. In turn, the long average LOS in these hospitals can be
partly explained by the fact that, in ordinary clinical practice
in Kazakhstan and Russia, patients usually are admitted to
hospital 1–4 days prior to surgery for different types of routine
investigations, such as blood analyses and preoperative exam-
ination by the anaesthesiologist. Taking this into account,
“real” LOS in Astana and Krasnodar hospitals might be close
to that in Finland with an average of 10.6 days [13].

Finally, we believe that the university hospitals in
Krasnodar and Astana have a great potential for reduction
of LOS by introduction of such measures as multimodal
fast-track programs for surgery [20], day case surgery for
laparoscopic cholecystectomy [21], and home health care
and institutional long-term care for patients who require
additional services [22]. We also hope that the results of
our study will inspire the administrators of the hospitals to
introduce postoperative quality assessment scores like VNRS,
MEWS, or ESS in routine clinical practice.

5. Conclusions

Registration of ESS hourly during the first 8 hrs after surgery
and the extra attention of the anaesthesiologist on dutymight
have contributed to the significant reduction of LOS in both
hospitals in this two-centre study. Since mobility degree and
morbidity were not different between the groups, we could
not identify the exact mechanisms behind the reduction
of LOS in the ESS group. Consequently, elucidation of the
impact of ESS on the length of stay in hospital after various
types of surgery will need further randomized controlled
trials.

Disclosure

Some results of the clinical study were presented as a poster
at the International Anesthesia Research Society (IARS)
2017 Annual Meeting and International Science Symposium,
Washington,DC,USA.Theposter is available at the following
link: https://files.aievolution.com/ars1701/events/12432/1600
Kuklin 1576 0417 091824.pdf.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of the paper.

Authors’ Contributions

Drs. Lisa Dybvik and Erlend Skraastad contributed equally to
this study.

Acknowledgments

ESS is developed with funding from the Norwegian Medical
Association’s foundation for quality improvement and patient

safety (Grant no. 13/4278) and from the Norwegian Society
of Anaesthesiology’s foundation for promotion of Norwegian
anaesthesia research (2015).

References

[1] J. L. Apfelbaum, C. Chen, S. S. Mehta, and T. J. Gan, “Postop-
erative pain experience: results from a national survey suggest
postoperative pain continues to be undermanaged,” Anesthesia
and Analgesia, vol. 97, no. 2, pp. 534–540, 2003.

[2] M. Sommer, J. M. de Rijke, M. van Kleef et al., “The prevalence
of postoperative pain in a sample of 1490 surgical inpatients,”
European Journal of Anaesthesiology, vol. 25, no. 4, pp. 267–274,
2008.

[3] Overdose death at Seattle hospital not the first,The Columbian,
2010, http://www.columbian.com/news/2010/sep/29/overdose-
death-at-seattle-hospital-not-the-first/.

[4] M. L. Gjerding, A. P. Framstad, and I. Saltbones, “Benjamin (22)
died after bone fracture,” Verdens Gang Nett, 2011, http://www
.vg.no/helse/odelagt-i-helsevesenet/artikkel.php?artid=10093729.

[5] A. Røeggen, “Got to strong medications—Davoud (23) died,”
Nettavisen, 2011, http://www.nettavisen.no/nyheter/3257721
.html.

[6] R. S. Morrison, J. Magaziner, M. A. McLaughlin et al., “The
impact of post-operative pain on outcomes following hip
fracture,” Pain, vol. 103, no. 3, pp. 303–311, 2003.

[7] H. Vila Jr., R. A. Smith, M. J. Augustyniak et al., “The efficacy
and safety of painmanagement before and after implementation
of hospital-wide pain management standards: is patient safety
compromised by treatment based solely on numerical pain
ratings?” Anesthesia and Analgesia, vol. 101, no. 2, pp. 474–480,
2005.

[8] E. Skraastad, J. Ræder, V. Dahl, L. J. Bjertnæs, and V. Kuklin,
“Development and validation of the Efficacy Safety Score (ESS),
a novel tool for postoperative patient management,” BMC
Anesthesiology, vol. 17, no. 1, 2017.

[9] C.-C. Hsu and B. A. Sandford, “The Delphi technique: making
sense of consensus,” Practical Assessment, Research and Evalua-
tion, vol. 12, no. 10, pp. 1–8, 2007.

[10] C. B. Terwee, S. D. M. Bot, M. R. de Boer et al., “Quality
criteria were proposed for measurement properties of health
status questionnaires,” Journal of Clinical Epidemiology, vol. 60,
no. 1, pp. 34–42, 2007.

[11] J. Gardner-Thorpe, N. Love, J. Wrightson, S. Walsh, and N.
Keeling, “The value of Modified Early Warning Score (MEWS)
in surgical in-patients: A prospective observational study,”
Annals of the Royal College of Surgeons of England, vol. 88, no.
6, pp. 571–575, 2006.

[12] Organisation for Economic Co-operation and Development
(OECD) Health Data, “Average length of stay in hospitals,” in
Health at a Glance: OECD Indicators, OECD Publishing, Paris,
France, 2011.

[13] Hospital dischargeslength of stay statistics in the EU, http://ec
.europa.eu/eurostat/statistics-explained/index.php/Hospital
discharges and length of stay statistics.

[14] A. Kondo, B. K. Zierler, Y. Isokawa, H. Hagino, Y. Ito, and M.
Richerson, “Comparison of lengths of hospital stay after surgery
and mortality in elderly hip fracture patients between Japan
and the United States—The relationship between the lengths
of hospital stay after surgery and mortality,” Disability and
Rehabilitation, vol. 32, no. 10, pp. 826–835, 2010.

https://files.aievolution.com/ars1701/events/12432/1600_Kuklin_1576_0417_091824.pdf
https://files.aievolution.com/ars1701/events/12432/1600_Kuklin_1576_0417_091824.pdf
http://www.columbian.com/news/2010/sep/29/overdose-death-at-seattle-hospital-not-the-first/
http://www.columbian.com/news/2010/sep/29/overdose-death-at-seattle-hospital-not-the-first/
http://www.vg.no/helse/odelagt-i-helsevesenet/artikkel.php?artid=10093729
http://www.vg.no/helse/odelagt-i-helsevesenet/artikkel.php?artid=10093729
http://www.nettavisen.no/nyheter/3257721.html
http://www.nettavisen.no/nyheter/3257721.html
http://ec.europa.eu/eurostat/statistics-explained/index.php/Hospital_discharges_and_length_of_stay_statistics
http://ec.europa.eu/eurostat/statistics-explained/index.php/Hospital_discharges_and_length_of_stay_statistics
http://ec.europa.eu/eurostat/statistics-explained/index.php/Hospital_discharges_and_length_of_stay_statistics


10 Pain Research and Management

[15] E. Medin, F. Goude, H. O. Melberg, F. Tediosi, E. Belicza, and
M. Peltola, “European regional differences in all-cause mortal-
ity and length of stay for patients with hip fracture,” Health
Economics (United Kingdom), vol. 24, no. 2, pp. 53–64, 2015.

[16] P. Nordström, Y. Gustafson, K.Michaëlsson, andA.Nordström,
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