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Skin mottling and an increased delta temperature (deltaT) between core and peripheral sides as measurements of microcirculatory dysfunction are

associated with increased mortality in intensive care patients. We studied the effect on deltaT of ketanserin, a 5-HT2 receptor-blocking agent.

Methods

A retrospective analysis was performed of all intensive care patients that received ketanserin by continuous infusion. Over four to eight consecutive hours

the change in deltaT (forefoot) was determined. To exclude lead-time bias we compared with a three-hour period before the start of ketanserin.

Results

1875 consecutive patients received a mean total dose of 225 (SD 110) pg/kg/min ketanserini.v. The peripheral temperature rose mean 2.6° Cover eight

hours and delta T declined mean 2.4°C. A repeated measures analysis showed a significant rise in peripheral temperature. Comparing three hours before

with three hours after start of ketanserin, all other parameters did not significantly change.

Conclusion

The microcirculation measured as peripheral temperature of critically ill patients, significantly improved with a continuous infusion of ketanserin. This

increase is not associated with hypotension or the need of vasoconstrictors.
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Introduction

Critically ill patients with cold acra or skin mottling and the relation with
shock have been recognized for many years [1]. Skin mottling is a presentation
of vasoconstriction and appears to be an independent predictor for mortality
[2,3] in critically ill patients. Cold acra with an increased difference between
core temperature and peripheral temperature, delta temperature (deltaT), has
been studied as a representative of vasoconstriction [4]. DeltaT is associated
with lactate levels and outcome in intensive care patients [4-6] and with
cardiac index in post-cardiac surgery patients [7]. It is presumed that patients

with vasoconstriction in the skin simultaneously experience vasoconstriction
elsewhere, which can lead to organ dysfunction and, ultimately, mortality [8].
This presumed vasoconstriction at organ sites is hard to measure but for the
oral mucosa the side-stream dark-field (SDF) microscopy is available [9,10].
Skin perfusion measured by peripheral temperature, SDF and capillary refill
time are all measurements of vasoconstriction but often show disparity
[11]. On the other hand, all are related with outcome in the critical care
setting [2,3,12,13]. Although a relation between peripheral vasoconstriction



and outcome exists, it is unknown whether active treatment of peripheral
vasoconstriction will result in a better outcome. It is also unknown which
medication can be used to resolve peripheral vasoconstriction. It was shown
previously that nitroglycerin [14,15] and dobutamine [16] improves the
microcirculation measured with SDF microscopy. Scarce data exist about
ketanserinin ICU patients [17,18]. Ketanserin is a serotonin type 2-receptor
blocker (5-HT2) [19,20]. In normal endothelium the 5-HT1 effects
(vasodilation) are the most prominent [21]. In endothelium that is damaged,
which is the case in sepsis, the SHT2 effects (vasoconstriction) surpass
the 5-HT1 effects [22,23]. Blocking the 5-HT2 receptor with ketanserin
can attenuate this pathological vasoconstriction. In addition, ketanserin
has favourable o -adrenergic blocking properties in the endothelium
(vasodilation) that may further reverse the pathological vasoconstriction
[23]. In these ways ketanserin can reduce vasoconstriction and can improve
the microcirculation. As a consequence, the enhanced blood flow in the skin
will increase the peripheral temperature and decrease deltaT.

Material and Methods

Aim

This study aims to determine whether the suggested clinical effect on
peripheral temperature of a continuous infusion of ketanserin occurs in

clinical practice. If so, it can be a starting point for new microcirculatory
studies.

Ethical Statement

The local medical ethical committee (MEC OLVG) approved the study
and waived the requirement for written informed consent because of
its observational design according to Dutch and European regulations
(registered with no. WO16092). This manuscript adheres to the applicable
Equator guidelines. No data of this study were published previously in any
form.

Design

The study is designed to address an increase in peripheral temperature
in order to obtain insight in the capacity of ketanserin in reducing delta
temperature between core and peripheral temperature. Outcome data such as
mortality or length of stay were considered less relevant because of the large
number of other variables that determine these outcomes. A retrospective
cohort design was chosen because of the large availability of data were a
prospective design would not be able to include this amount of patients.

Patients and Setting

All critically ill patients admitted to our ICU between January 2011
and March 2016 were evaluated. We selected all patients from the ICU
database who were registered users of ketanserin. Included for analysis
were patients who were treated with a continuous intravenous infusion of
ketanserin. Excluded were patients who had missing peripheral temperature
measurement at the time of ketanserin start or who had missing peripheral
temperature measurements more than half of the eight-hour study period
(more than four hours).

The study was performed in a 20-bed mixed ICU in a teaching hospital
with medical, surgical and cardiac surgery patients. This ICU has a 24/7
attendance of intensivists and residents.

Measurements

All data were prospectively measured and stored in the ICU database
(MetaVision®, Tel Aviv, Israel). In this ICU it is a routine procedure to
measure peripheral temperature on the forefoot continuously and the
attending nurse validates this temperature every hour. The protocol for the
study defined a priori a time period of eight hours as this is a clinically
relevant time frame in which treatment goals can be reached. To study
whether changes in the outcome measurement within this time frame could
be explained by lead-time bias, also data from three hours before start of
ketanserin treatment were extracted. Thus, the peripheral temperature is
extracted from the database, starting from three hours before the ketanserin
infusion was begun (T-3) and consecutive peripheral temperature with an
interval of one hour until eight hours (T-3 till T8) after start. In addition, we
extracted the core temperature (blood, rectal, nasopharynx or tympanic) data
together with fluid balance and other vasoactive medications.

General Management

Patients are continuously monitored and receive bedside titrated
individualized treatment at the physician level. Circulatory management
is protocolled aiming at a mean arterial pressure of 60 mmHg using
fluids, noradrenaline and, in previous years, dopamine to the discretion
of the attending physicians. Enoximone is used when the attending
physician deemed necessary. Ketanserin can be prescribed when apparent
vasoconstriction is present but exact reasons to prescribe ketanserin were
not recorded routinely. The attending physician, dependent on the clinical

situation, chose the dose.

Statistical Analysis

Data is presented as mean with standard deviation (SD) in case of normal
distribution and median with interquartile range (IQR) in all other situations.

Data are analysed as a time series of eight hours after start of ketanserin or as
two subsequent episodes (three hours before compared to 3 hours after start
of ketanserin. The difference between two time episodes is analysed by the
related samples Wilcoxon signed rank test. The consecutive temperatures
in the time series were analysed using a repeated measures ANOVA with
a Greenhouse-Geisser correction. The post hoc tests used Bonferroni
correction. The significance level was set at 5% for two-sided tests.

Results

From the database 2041 patients were identified who were treated with a
continuous intravenous infusion of ketanserin. However, 2 patients appeared
not to have received ketanserin at all and were excluded. Peripheral
temperature measurement at TO was missing in 118 patients and they were
excluded for analysis. In 46 patients more than four peripheral temperature
measurements were missing between T0 and T8 and they were excluded too.
The final analysis included 1875 patients. Table 1 and 2 shows the baseline
characteristics of these patients. The average administered ketanserin dose
was 225 (SD 110) ng/kg over eight hours.



Tabe 1: Baseline Characteristics

Age* (yrs) 66.3 (13)

Male (%) 61.8

APACHE 1V predicted mortality* 0.320.12-0.59]
Mechanically ventilated** (%) 84.3

MAP T0 (mmHg) 74.8 (17)

Heart Rate TO (bpm) 95 (20)
Peripheral temperature TO °C 29.9 (3.2)
Central temperature TO °C 36.5 (1.5)

Data are presented as mean with standard deviation (SD) or median
with interquartile range [IQR].

APACHE 1V: Acute Physiology and Chronic Health Evaluation;
MAP: mean arterial pressure

* Recorded in the first 24 hours of ICU stay

** At any time during ICU stay

Table 2: The Distribution of Admission Diagnoses of included Patients

Admission Diagnoses
Frequency | Percent

Coronary artery bypass grafting and/ | 226 12
or valve surgery
Other cardiac surgery 34 0.2
Aortic surgery 160 8.5
Other vascular surgery 79 42
Thoracic surgery, lung or other 12 0.6
Cardiac arrest 169 9.0
Cardiogenic shock/
Congestive heart failure 115 6.1
Cardiovascular other 35 1.9
Sepsis 359 19
Pneumonia 166 8.9
Respiratory failure 117 6.2
GI bleeding +/- surgery 54 2.9
GI surgery 157 8.4
Pancreatitis 10 0.5
GI medical 17 0.9
Genitourinary surgery 7 0.4
Coma/CVA/neurological 34 1.8
Hepatic failure 18 1.0
Renal failure, acute 20 1.1
Haematological 12 0.6
Haemorrhage /hypovolemia 30 1.6
Orthopaedic 7 0.4
Trauma 14 0.7
Metabolic/hyperthermia/hypothermia | 13 0.7
Gynaecology 7 0.4
Surgery, other 2 0.1
Other 1 0.0
Total 1875 100,0

T-3 till TO versus TO till T+3 hours

The median rise in peripheral temperature (Table 3) from T-3 to TO is 0.2°C
(IQR -0.6 — 1.2°C) and from TO to T3 is 0.9°C (IQR 0.0 — 2.3°C); p=0.001.
In the same episode the changes in mean arterial pressure, enoximone
dose, nitroglycerin dose, noradrenalin dose and dopamine dose were not
significantly different as is shown in table 3. The volume of infusion was
significantly greater between during T-3 till TO compared to TO till T+3 hours
(434 vs. 597 ml).

T=0 till T=8 hours

The mean peripheral temperature three hours before the start of ketanserin
and subsequent one-hour interval time points are summarized in table 4. A
graduate increase of 2.6°C in peripheral temperature from TO to T8 is shown
and a decrease in mean AT between central and peripheral temperature of
2.4°C. The repeated measurements ANOVA with Greenhouse Geisser
correction determined that the peripheral temperature significantly increased
between time points (F(2.395, 4021)= 642.9, p<0.001).
comparisons were significant at a p<0.001 level with Bonferroni correction.

All pairwise

The estimated marginal means of the peripheral temperature from start of
ketanserin till eight hours later is shown in figure 1. Figure 2 shows the mean
deltaT over time.
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Figure 1: The x-axis shows the time per hour from three hours before
start of ketanserin infusion (T-3), the y-axis shows the estimated
marginal means of the peripheral temperature in °C derived from the

repeated measures ANOVA. The error bars are the SE of mean.

Mean deltaT
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Figure 2: The x-axis shows the time per hour from three hours before
start of ketanserin infusion (T-3), the y-axis shows the means of the

difference between central and peripheral temperature (deltaT) in °C.

The error bars are the SE of mean.
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Table 3: Characteristics of the Circulation and Medication before and after Ketanserin Start

A(T-3-TO0) A(TO — T+3) A(T+8 - T0)

Peripheral temperature (°C) 0.2°C[-0.6-1.2] 0.9 [0.0 £2.3]" 2.2[0.5-4.7]
Mean arterial pressure (mmHg) -1.0 [-10.0 +£9.0] -2.0 [-10 £5]* -1.0 [-8 £7]
Noradrenalin (ng/kg/min) 0.0 [-0.01 £0.02] 0.0 [0.00 - 0.027* 0.0 [-0.02 +0.02]
Dopamine (pg/kg/min) 0.0 [0.00 — 0.00] 0.0 [0.00 - 0.00]" 0.0 [0.0—1.4]
Enoximone pg/kg/min 0.0 [0.00 — 0.00] 0.0 [0.00 — 0.00]* 0.0 [0.0 —0.0]
Nitroglycerin pg/kg/min 0.0 [0.00 —0.00] 0.0 [0.00 - 0.00]" 0.0 [0.0-0.0]
Ketanserin pg/kg/min - 0.0 [0.00 — 0.00] 0.0 [0.00 - 0.00]
Fluid balance (ml) 597 [109 — 1291] 434 [52-919T 1395 [469-2529]

*p<0.001 compared to A(T-3 — TO); #not significant compared to A(T-3 — T0)

samples.

Data are given as a change over three hours before (A(TO — T-3)), three hours after (A(T+3 — T0)) and eight hours (A(T+8 — T0)) after start
of ketanserin. Data are presented as median and interquartile range [IQR]; P value obtained by using Wilcoxon signed rank test for paired

Table 4: Mean peripheral temperature displayed from three hours before start of ketanserin (pT-3) till eight hours after start (pT+8)
and delta temperature between central and peripheral temperature (AT) in the same episode.

Mean (SD) Mean (SD)
pT-3 (N=1273) 29.8 (3.3) AT-3 6.7 (3.2)
pT-2 (N=1636) 29.4 (3.3) AT-2 7.0 (3.3)
pT-1 (N=1845) 29.53.2) AT-1 7.0 (3.3)
pT0 (N=1875) 29.9 (3.2) ATO 6.6 (3.2)
pT+1 (N=1856) 30.5(3.2) AT+1 59(.1)
pT+2 (N=1851) 31.0(3.2) AT+2 55@3.1)
pT+3 (N=1858) 31.53.2) AT+3 5.1(3.0)
pT+4 (N=1848) 31.8(3.2) AT+4 4.8(3.0)
pT+5 (N=1832) 32.0(3.1) AT+5 4.6 (2.9)
pT+6 (N=1816) 32.2(3.1) AT+6 45(2.9)
pT+7(N=1783) 32.3(3.0) AT+7 4.4 (2.8)
pT+8 (N=1755) 324 (3.0) AT+8 4327

SD: standard deviation

Discussion

This study aimed to investigate whether a continuous intravenous infusion
of ketanserin is able to improve peripheral temperature. It is shown that over
a period of eight hours peripheral temperature rose with a mean of 2.6°C
and delta temperature with core measurement decreased with 2.4°C. Though
vasodilatation must have occurred, there is no increase in the infusion of
fluids when comparing the first three hours before with three hours after start
of ketanserin. This is in accordance with previous experimental study where
splanchnic and other perfusion increased without increasing aortic flow [24].
Over the complete 8 hours period almost 1400 ml of fluid is retained but
no drop in blood pressure or rise in vasopressor use is seen. Apparently, the
skin perfusion in our patients improved, which is not only apparent from
a 2.6°C rise in peripheral temperature but also from a 2.4°C decrease in
deltaT between core and peripheral temperature (Table 4). The dose of other
vasoactive medication did not significantly change over the same episode after
the start of ketanserin. Thus, other vaso-active medication than ketanserin

cannot explain the increase in peripheral temperature. We choose to compare

a three-hour episode before and a three-hour episode after the start of
ketanserin. After this three-hour period the increase in peripheral temperature
is still seen but less vigorous. This demonstrates that ketanserin can be used
to increase the peripheral temperature by enhancing the peripheral perfusion
without blood pressure fall or the need of additional vasoconstrictors. The
clinical importance of this finding lies in the relation between a compromised
peripheral circulation and the enhanced mortality risk associated with this
situation. Studies that describe a high lactate or a high peripheral to central
temperature difference are associated with a higher mortality [4,6,25]. On the
other hand, it has not been shown yet that improvement of this temperature
gap reduces mortality or improves any other outcome measurement. The only
suggestion for a benefit in the literature is shown by the improved outcome in
patients with active lactate decreasing treatment, including vasodilators like
nitroglycerin and ketanserin [25]. In this study the active treatment group used
nitroglycerin and ketanserin more often than the control group. In addition,
no positive effects were observed with ketanserin in preeclampsia [26].



Our study has several strengths and limitation. This is the first study that
directly measures the clinical effect of ketanserin on peripheral temperature
in critically ill patients. As such, ketanserin can be seen as the only medication
that has been studied so far and that has shown to be able to improve the
peripheral temperature and deltaT. This should be seen in the context that
a large deltaT is associated with increased mortality. The major limitation
of this study is that it is a retrospective analysis in a single centre cohort
study. On the other hand, the large number of patients and the consistent
increase in peripheral temperature is convincing. With this knowledge,
ketanserin can now be studied in prospective trials in patients with peripheral
vasoconstriction in an attempt to reduce the excessive mortality of patients
with vasoconstriction. Furthermore, ketanserin needs to be compared to other
vasodilators. In this retrospective study it is not feasible to obtain effects of
ketanserin on outcome measurements such as mortality. A prospective study
is needed with this focus. Included in such a study should be other effects
of ketanserin such as a reduction of inflammatory cytokines, which may be
beneficial too [27].

In conclusion, we have shown that ketanserin is able to improve peripheral
temperature in critically ill patients without increasing the need for fluids or
vasopressors. Whether this effect is of clinical importance should be studied

in future studies.
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