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Summary

An observational clinical study to evaluate the effect of phenylephrine infusion on maternal
temperatures during scheduled cesarean delivery under spinal anaesthesia was conducted in 40
ASA physical status Il parturients. Following placement of spinal anesthesia, phenylephrine
infusion was initiated at 40 pg/min and titrated to maintain mean arterial pressure within 20
percent of baseline. Maternal oral temperature, heart rate, and blood pressure were measured at
baseline, spinal placement, every 10 minutes thereafter for 60 minutes. Phenylephrine dose
received was documented every ten minutes. The range in maternal temperature change was 0.06—
0.29°C. The lowest recorded temperature was 36.3°C. Decreased maternal temperature was
associated with duration of anesthesia and cumulative phenylephrine dose in a univariate model
(P<0.001 for all). The multivariable model showed an association between a greater decrease in
maternal temperature with larger doses of phenylephrine being administered.
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Introduction

Heat is stored in the body in two compartments: core and peripheral. Normal core
temperature averages 37°C with peripheral temperatures measuring 2°C cooler.
Thermoregulatory mechanisms with an interthreshold range of 0.2-0.4°C maintain
temperature in awake patients [1]. During the perioperative period, the inability to maintain
body temperature is attributed to cold ambient temperature and disruption of
thermoregulatory responses [2,3]. Anesthetic agents affect perioperative hypothermia by
lowering the hypothalamic thermoregulatory set point for shivering and by increasing core-
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to-peripheral heat redistribution through vasodilation [2,3]. This redistribution component
occurs to a large extent during the first hour following induction of anesthesia and is a major
cause of hypothermia in short surgical procedures [4].

In the perioperative setting, hypothermia has been identified as an independent risk factor for
adverse outcomes. It has been linked to elevated transfusion requirements due to
coagulopathy, impaired wound healing, higher infection rates, prolonged postoperative
recovery, adverse cardiac events with increased oxygen consumption, increased
postoperative nausea and vomiting, shivering, and worse patient comfort scores [2,5,6].
Despite these known morbidities [5], perioperative hypothermia continues to be a problem
with an estimated incidence of 20-30% for general surgical procedures [7-9]. Moreover,
hypothermia for Cesarean delivery under spinal anesthesia has a reported incidence greater
than 77% for temperatures less than 36°C and 60% for temperatures less than 35.5°C
[10,11].

In the United States, Cesarean delivery is the most common indication for laparotomy with a
rate greater than 31.3% [10-12]. For these procedures, neuraxial anesthesia is preferred to
general anesthesia for the benefits of maternal awareness, avoidance of maternal airway
instrumentation, and decreased incidence of neonatal depression. However, similar to
general anesthesia, neuraxial techniques are also associated with hypothermia [10,11], and
prevention strategies have been evaluated. One perioperative strategy utilization of
phenylephrine, a selective aq-adrenergic receptor agonist, did demonstrate a reduction in
intraoperative hypothermia in elective orthopedic cases under spinal anesthesia [13]. To our
knowledge, this intervention for hypothermia prevention has not been examined in the
obstetric surgical population.

Our hypothesis was that a continuous infusion of phenylephrine would decrease the degree
of intraoperative hypothermia during Cesarean delivery under subarachnoid anesthesia. The
primary outcome of this study was the change in maternal temperature and secondary
endpoints included the incidence of shivering, nausea and emesis, blood loss, and surgical
site infection.

Ethical approval for this study was provided by the Institutional Review Board for Human
Research and Office of Research Integrity of the Medical University of South Carolina,
Charleston, SC (Vice-Chairman Steven Swift) on 3 January 2012.

Following IRB approval, forty parturients underwent written informed consent and were
enrolled in this observational, prospective study with patient enroliment from April 2012 to
June 2013. Inclusion criteria included non-laboring parturients 18 to 40 years old scheduled
for Cesarean delivery with spinal anesthesia. Exclusion criteria included ASA physical
status score of 111 or greater, thyroid disease, Raynaud’s syndrome, autonomic neuropathy,
hypertensive disease of pregnancy, preeclampsia, BMI greater than 35, and non-English
speaking.
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One liter of lactated Ringers solution was co-loaded, over 15 minutes, via free drip using 10
gtt/mL 1V tubing with open roller clamp, through a fluid warmer set at 40°C during spinal
anesthesia placement (hyperbaric bupivacaine 12 mg, fentanyl 15 pg, and morphine 0.2 mg)
in an operating room maintained between 25-26°C. Following subarachnoid injection, a
phenylephrine infusion was initiated at 40 g per minute and titrated to maintain mean
arterial pressure (MAP) within 20% of baseline throughout the case. Patients were
positioned supine with left uterine displacement. Loss of discrimination to cold temperature
was used to determine level of anesthetic block and additional warm blankets housed in a
warmer set at 50°C were provided based on patients’ comfort. Data on maternal oral
temperature was noted by sublingual measurement using a Welch-Allyn SureTempPlus 692
digital temperature probe. Heart rate and blood pressure were collected at baseline and every
ten minutes following spinal placement for sixty minutes. Phenylephrine dose received was
documented every ten minutes. The incidence of maternal hypotension, bradycardia,
patient’s endorsement of nausea, witnessed episodes of vomiting, shivering, blood loss
(visually estimated by the performing anesthesiologist), and wound infection were also
recorded to analyze as secondary outcomes. Hypotension and bradycardia were defined as a
decrease of 20% from baseline. Nausea and vomiting was documented either as absent or
present. Shivering was documented using the Bedside Shivering Assessment Scale (BSAS)
from 1 to 4: (1) None: no shivering noted on palpation of the masseter, neck or chest wall;
(2) Mild: shivering localized to the neck and/or thorax only; (3) Moderate: shivering
involves gross movement of the upper extremities (in addition to neck and thorax); (4)
Severe: shivering involves gross movements of the trunk and upper and lower extremities
[14]. Chart review at two weeks was performed to determine the incidence of wound
infection.

A sample size of 40 patients was calculated to detect a correlation of 0.43 with 80% power
(a=0.05). Additionally, our multivariate model that included 4 covariates from 40 patients is
consistent with Harrell’s rule of thumb that at least 10 observations per predictor are needed
to prevent over-fitting for multivariable modeling [15,16] of a continuous outcome (i.e.
maternal temperature). Study power is likely greater given repeated measures were taken on
each patient.

Change in maternal temperature, maternal heart rate, and maternal mean arterial pressure
were analyzed using linear mixed regression models accounting for repeated measures on
each subject. First order auto-regressive, heterogeneous auto-regressive, compound
symmetry and unstructured covariance structures were considered and the best structure
selected by comparing Akaike information criterion (AlC) and Bayesian information
criterion (BIC) for each model. Secondary outcomes included estimated total blood loss,
occurrence of shivering during the procedure, and occurrence of nausea or vomiting during
the procedure. The association between cumulative phenylephrine dose before PACU and
blood loss was examined using Pearson’s correlation. The Mann-Whitney U test was used to
determine association between cumulative phenylephrine dose before PACU and nausea/
vomiting or shivering. All analyses were conducted in SAS v. 9.3 (SAS Institute, Cary NC)

J Clin Anesth Manag. Author manuscript; available in PMC 2020 June 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hilton et al.

Results

Page 4

Data were collected on 40 patients between April 2012 and June 2013.

Collected data on maternal temperature, change in temperature, heart rate, mean arterial
pressure, and phenylephrine dose administered are presented in Table 1. Median maternal
temperature decreased with time. Although temperature did not decrease in the first 10
minutes, it steadily decreased throughout all other time points.

Univariate associations for change in maternal temperature were examined (Table 2).
Maternal temperature change was associated with baseline temperature, cumulative
phenylephrine dose, and time (P<0.001 for all). Subjects with a higher baseline temperature
showed greater decreases in temperature. An increase of 100 mcg of phenylephrine was
associated with decreased maternal temperature of 0.007°C. A 10 minute increase in time
was associated a 0.04°C decrease in temperature. Additionally, MAP was not significantly
associated with a change in maternal temperatures (P=0.472).

Change in maternal temperature was also examined in a multivariable model (Table 2). A
greater temperature change was associated with increased baseline temperature, cumulative
phenylephrine dose, time, and time by dose interaction.

The predicted decrease in maternal temperature over time associated with an increasing dose
of phenylephrine is shown in Figure 1. The strength of the association between cumulative
phenylephrine dose and maternal temperature was strongest at earlier times. Otherwise
stated, higher doses of phenylephrine at early times were observed in parturients with a
greater decrease in temperature relative to lower doses; however, phenylephrine dose had
less impact on temperature at later times.

Secondary endpoints are presented in Table 3. Four patients reported nausea during the
course of labor and delivery. Nine patients reported shivering, six with a BSAS score of 1
and three with a BSAS score of 2. Only three of the patients reported shivering for more
than 30 minutes. There were no reports of wound site infections on chart review. Estimated
blood loss was 837.5 mL + 271.2 mL and average dermatome level T4.3 + 0.9. Cumulative
phenylephrine dose was not associated with shivering during the procedure or with
occurrence of nausea or vomiting (P=0.486 and 0.388 respectively). Receiving a higher
cumulative phenylephrine dose was found to be associated with increased blood loss
(P=0.018). A 100 pg increase in cumulative phenylephrine dose before PACU was
associated with a 10 mL increase in estimated blood loss.

Discussion and Conclusion

This investigation suggests that concomitant administration of phenylephrine during
Cesarean delivery under spinal anesthesia is associated with a decreased magnitude of
perioperative maternal hypothermia. Although maternal temperature did decrease, it was
limited to a temperature change of no more than 0.29°C with none of the patients reaching
temperatures less than 36.3°C.
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Redistribution as a cause of hypothermia occurs primarily during the first hour of surgery
[1]. The short surgical duration of Cesarean delivery would favor redistribution as a
significant mechanism for hypothermia. A strategy to decrease redistribution hypothermia is
pre-warming the patient prior to surgery to reduce the core to peripheral temperature
gradient. Horn et al. [4] demonstrated that a 15 minute pre-warming prior to surgery and
continuous intraoperative forced-air warming of parturients for Cesarean delivery was
beneficial in maintaining maternal temperature [17]. Another strategy to decrease
redistribution hypothermia that has been investigated is the administration of phenylephrine.
There have been only two previous studies which have investigated the impact of
phenylephrine on perioperative hypothermia. In the study by Ro et al. [13] on orthopedic
surgeries performed under spinal anesthesia, the concomitant administration of
phenylephrine infusion showed significant reduction in the development of core
hypothermia. lkeda et al. [18] demonstrated that use of phenylephrine as a continuous
infusion decreased the magnitude of redistribution hypothermia in patients undergoing oral
surgery with general anaesthesia. The thermoprotection from redistribution hypothermia was
proposed to occur by vasoconstriction of the pre-capillary vasculature, mediated by a
receptor activation. Our study is the first to investigate the effect of phenylephrine on
maternal temperature during Cesarean delivery under spinal anesthesia and the results
suggest that phenylephrine used during Cesarean delivery for maintenance of MAP may
have an added beneficial effect on decreasing the magnitude of redistribution hypothermia.

The multivariable model associated the greatest decrease in maternal temperature to larger
doses of phenylephrine being administered earlier in the delivery process (Figure 1).
However, it is not likely that phenylephrine caused a decrease in temperature. Rather, it is
plausible that patients requiring higher phenylephrine doses to maintain MAP within 20% of
baseline had a greater magnitude of vasodilation due to the loss of sympathetic
tonefollowing spinal placement. Increased vasodilation resulted not only in lower MAP and
increased phenylephrine requirement, but also increased core-to-peripheral redistribution
and consequently, heat loss.

Increasing emphasis has been placed on avoiding intraoperative hypothermia due to the
significant morbidity associated with its presence. Winkler et al. [6] reported a decrease in
core temperature by 0.5°C has been shown to significantly increase surgical blood loss by
upwards of 200 MI. In the current study, after controlling for baseline temperature, there was
no association found between estimated blood loss and change in maternal temperature
(P=0.644). In addition to coagulopathy, other studies have linked hypothermia to
complications such as increased surgical site infections with delayed wound healing [5].
There were no reported wound infections noted upon chart review of the study patients two
weeks after surgery.

Other secondary endpoints evaluated during this study included nausea, vomiting, and
shivering. The incidence of nausea for subjects was 10%. Previous studies have reported
rates of nausea as high as 80% and attributed this to hypotension, visceral pain and
stimulation, vagal hyperactivity, use of uterotonic agents, and IV opioid administration [19].
With regard to shivering, the current study noted a 22.5% (N=9) incidence of shivering at
least once during the procedure, with shivering for more than 30 minutes in 0.08% (N=3) of
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subjects. This is greatly reduced from reported findings of 40-60% incidence of shivering
following volatile anesthetics [20], 56-60% following epidural anesthesial7, 21 and 37—
40% with spinal techniques [21,22]. The paucity of these complications may be due to the
thermo-protective effect of the phenylephrine infusion resulting in a marginal decrease in
temperature of 0.29°C or less from baseline.

There are limitations to consider. First, there was not a control group due to the necessity to
treat hypotension following spinal anesthesia. Other considerations include the lack of
standardization of total 1V fluids administered, 1V flow rate, and absence of defined core
body temperature monitoring. Additionally, we are not able to prove cause and effect with
an observational study.

In conclusion, limited studies have addressed the issue of perioperative hypothermia during
Cesarean delivery. Common interventions employed to prevent hypothermia during
Cesarean delivery have included pre-warming the patient prior to surgery, intraoperative
warmed intravenous fluids and forced air-warming; unfortunately, these interventions have
not proven consistently effective [10]. This study evaluated whether phenylephrine infusion
could attenuate the development of hypothermia via core-to-peripheral redistribution in
parturients undergoing Cesarean delivery under spinal anesthesia. A decrease in the extent of
perioperative hypothermia was observed. The attenuation of maternal hypothermia with use
of continuous phenylephrine infusion is noteworthy.

Acknowledgment

Preliminary data for this study were presented as a poster presentation at the 45th Annual Society for Obstetric
Anesthesia and Perinatology (SOAP) meeting on 24-28 April 2013, San Juan, Puerto Rico.

Assistance with the study: We would like to thank the Department of Anesthesiology and the Department of
Obstetrics and Gynecology.

Financial Support and Sponsorship: This work was supported by the Department of Anesthesia and Perioperative
Medicine, Medical University of South Carolina, Charleston, SC, USA.

References

1. Sessler DI (2008) Temperature monitoring and perioperative thermoregulation. Anesthesiology 109:
318-338. [PubMed: 18648241]

2. Hess PE, Snowman CE, Wang J (2005) Hypothermia after cesarean delivery and its reversal with
lorazepam. Int J Obstet Anesth 14: 279-283. [PubMed: 16143507]

3. Doufas AG, Morioka N, Maghoub AN, Mascha E, Sessler DI (2008) Lower-body warming mimics
the normal epidural-induced reduction in the shivering threshold. Anesth Analg 106: 252-256.
[PubMed: 18165586]

4. Sessler DI (2000) Perioperative heat balance. Anesthesiology 92:578-96. [PubMed: 10691247]

5. Sessler DI (2001) Complications and treatment of mild hypothermia. Anesthesiology 95: 531-543.
[PubMed: 11506130]

6. Winkler M, Akca O, Birkenberg B, Hetz H, Scheck T, et al. (2000) Aggressive warming reduces
blood loss during hip arthroplasty. Anesth Analg 91:978-984. [PubMed: 11004060]

7. Harper CM, Andrzejowski JC, Alexander R (2008) NICE and warm. Br J Anaesth 101: 293-295.
[PubMed: 18710834]

J Clin Anesth Manag. Author manuscript; available in PMC 2020 June 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hilton et al.

Page 7

8. Leeth D, Mamaril M, Oman K, Krumbach B (2010) Normothermia and patient comfort: A

comparative study in an outpatient surgery setting. J Perianesth Nurs 25: 146-151. [PubMed:
20511085]

9. Carpenter L, Baysinger CL ( 2012) Maintaining perioperative normothermia in the patient

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

undergoing cesarean delivery. Obstet Gynecol Surv 67: 436-46. [PubMed: 22926250]

. Butwick AJ, Lipmann SS, Carvalho B (2007) Intraoperative forced air-warming during cesarean

delivery under spinal anesthesia does not prevent maternal hypothermia. Anesth Analg 105: 1413-
1419. [PubMed: 17959975]

Arkilic CF, Akca O, Taguchi A, Sessler DI, Kurz A (2000) Temperature monitoring and
management during neuraxial anesthesia: An observational Study. Anesth Analg 91: 662—666.
[PubMed: 10960396]

Osterman MJK, Martin JA (2013) Changes in cesarean delivery rates by gestational age: United
States, 1996-2001. NCHS Data Brief 124: 1-8.

Ro Y, Huh J, Min S, Han S, Hwang J, et al. (2009) Phenylephrine attenuates intra-operative
hypothermia during spinal anaesthesia. J Int Med Res 6: 1701-1708.

Badjatia N, Strongilis E, Gordon E, Prescutti M, Fernandez L, et al. (2008) Metabolic impact of
shivering during therapeutic temperature modulation: the Bedside Shivering Assessment Scale.
Stroke 39: 3242-3247. [PubMed: 18927450]

Harrelll FR Jr, Lee KL, Califf RM, Pryor DB, Rosati RA (1984) Regression modeling strategies for
improved prognostic prediction. Stat Med 2: 143-152.

Harrell FE Jr, Lee KL, Mark DB (1996) Multivariable prognostic models: issues in developing
models, evaluating assumptions and adequacy, and measuring and reducing errors. Stat Med 4:
361-387.

Horn EP, Schroeder F, Gottschalk A, Sessler D, Hiltmeyer N, et al. ( 2002) Active warming during
Cesarean delivery. Anesth Analg 94: 409-414. [PubMed: 11812709]

lkeda T, Ozaki M, Sessler DI, Kazama T, lkeda K, et al. (1999) Intraoperative phenylephrine
infusion decreases the magnitude of redistribution hypothermia. Anesth Analg 89: 462-465.
[PubMed: 10439767]

Balki M, Carvalho JCA (2005) Intraoperative nausea and vomiting during cesarean section under
regional anesthesia. Int J Obstet Anesth 14: 230-241. [PubMed: 15935649]

De Witte J, Sessler DI (2002) Perioperative shivering: physiology and pharmacology.
Anesthesiology 96: 467-484. [PubMed: 11818783]

Saito T, Sessler DI, Fujita K, Ooi Y, Jeffrey R (1998) Thermoregulatory effects of spinal and
epidural anesthesia during cesarean delivery. Reg Anesth Pain Med 23: 418-423. [PubMed:
9690596]

Hui CK, Huang CH, Lin CJ, Lau HP, Chan WH, et al. (2006) A randomized double-blind
controlled study evaluating the hypothermic effect of 150pg morphine during spinal anaesthesia
for cesarean section. Anaesthesia 61: 29-31. [PubMed: 16409339]

J Clin Anesth Manag. Author manuscript; available in PMC 2020 June 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Hilton et al.

Page 8

|
ey
= ]
=
Q.
§ o |
= o
=
@
o
L
[ (52}
QT
(]
g wid
— 05mg
=—al=lsng
- — 150G
pugg
T T T T T T T
0 10 20 30 40 50 60

Time (min)

Figure 1:
The predicted decrease in maternal temperature over time associated with 3 different

phenylephrine doses based on the multivariate model presented in Table 2. Higher
phenylephrine dose requirements to maintain mean arterial pressure were associated with
greater decreases in temperature at earlier time points.
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Patient characteristics. Dermatome level and blood loss are reported as means (+ SD) and side effects are

reported as n (%).

Characteristic

Value (n=40)

Dermatome level (thoracic) | T4.3 (0.9)

Blood loss (mL)

837.5 (271.2)

Nausea/vomiting (n)

4(10.0)

Shivering (n)

9 (22.5)
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