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Abstract

Background and Aims: Although Spinal Anesthesia (SA) remains the technique of
choice for many surgeries below the umbilicus, it is associated with multiple in-
traoperative complications. Sympathetic blockade and Bezold-Jarisch reflex do not
fully explain SA-related cardiopulmonary complications. Reduction in FEV4 has been
reported as a predictor of sudden cardiac death. This study aimed to determine the
association between reduction in FEV; following SA and adverse intraoperative
cardiopulmonary complications.

Materials and Methods: A prospective study of 48 patients of ASA status | and Il
with no history of primary cardiopulmonary disease scheduled for elective surgery
under SA. Spirometry was performed based on ATS/ERS guidelines before induction
and 30 min after induction of SA. FEV1% predicted was determined using GLI 2012
equations. Participants were grouped into two (AFEV1% < 10% and AFEV1% > 10%)
based on reductions (A) in FEV,% predicted following SA. Logistic regression
analyses were used to examine associations between AFEV,% and intraoperative
hypoxia, hypotension, bradycardia, and nausea/vomiting, with adjustments for age,
gender, and BMI.

Results: The mean FEV,% predicted following SA was lower than the mean FEV,1%
predicted before SA (83.42 vs. 95.31, p=0.001). In a fully adjusted model,
AFEV1% > 10% was associated with an increased risk of hypoxia [AOR 13.55; 95%
Cl, 1.07-171.24, p = 0.044]. The positive associations between AFEV1% > 10% and
hypotension [2.02 (0.33-12.46), 0.449], bradycardia [1.10 (0.28-4.25), 0.895] and
nausea/vomiting [9.74 (0.52-183.94), 0.129] were not statistically significant.
Conclusion: Reduction in FEV,% predicted following SA was associated with
adverse intraoperative outcomes. FEV4 may play an important role in the association

between SA and cardiopulmonary complications.
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1 | BACKGROUND

Spinal Anesthesia (SA) is the preferred anesthetic technique for
short surgical procedures below the umbilical region including
obstetric, gynecological, genitourinary, and orthopedic proce-
dures.? Compared with general Anesthesia, SA is a less ex-
pensive, simple, reliable, and quick procedure, and gives optimal
operating conditions in terms of muscle relaxation. It is also
associated with a lower incidence of intra-operative hypertension
and tachycardia, reduced postoperative analgesic requirement, and
a shorter hospital stay.>=>

Despite its advantages over general Anesthesia, SA is associated
with an increased risk of perioperative cardiac-related complications
including hypotension, bradycardia, dysrhythmias, nausea and vo-
miting, and intraoperative cardiorespiratory arrest.>®” Mechanisti-
cally, sympathetic chain blockage and/or the Bezold-Jarisch reflex
mediated by 5-hydroxytryptamine (5-HT3) receptors are known to
play important roles in these cardiac-related complications.®’ How-
ever, these mechanisms do not fully explain the cardiac-related
complications following SA.

In the general population, a reduction in forced expiratory vol-
ume in 1s (FEV;) was shown to be a predictor of sudden cardiac
death in patients without primary heart or lung disease.®*! SA is
known to impair pulmonary mechanics including a reduction in
FEV, 1212 Therefore, it is biologically plausible that a reduction in
FEV, following SA could explain some of the cardiac-related com-
plications of SA. However, this has not been previously investigated.
We therefore determined the association between reduction in
FEV, following SA and adverse intraoperative cardiopulmonary

complications.

2 | METHODS

2.1 | Study design and settings

This was a prospective study of Ghanaians scheduled for elective
surgery under SA at the Greater Accra Regional Hospital (GARH) in
2019. GARH is a teaching and referral hospital in Ghana's capital,
Accra, and attends to about 3500 surgical cases annually including
about 800 elective non-obstetric surgical procedures under SA.

2.2 | Recruitment
The study involved 50 patients aged 18 to 59 years with American
Society of Anesthesiologists (ASA) physical classification | and Il with
no history of primary cardiopulmonary disease scheduled for ortho-
pedic, gynecological, and general surgical procedures.

All study participants received standard perioperative care, based
on guidelines of the GARH. Before surgery, all participants were seen
at the preanesthetic clinic and optimized for surgery. Informed con-

sent was obtained from study participants.

2.3 | Data collection

A structured questionnaire was used by a trained research assistant to
collect participant data. Data collected included demographics, socio-
economic status, smoking status (never smoked, currently smokes and
previously smoked) and alcohol (never drink, occasional drinker, and
regular drinker), previous anesthetics, and comorbidities including dia-
betes, hypertension, sickle cell disease (determined by cellulose acetate
haemoglobin electrophoresis), and previous history of acute coronary
syndrome. Hypertension was defined as systolic blood pressure
2140 mmHg and/or a diastolic blood pressure 290 mmHg and/or cur-
rent use of antihypertensive agents and/or physician-diagnosed based
on hospital records. Diabetes was defined by fasting plasma glucose
concentration of 27.0 mmol/L and/or the use of glucose-lowering
agents and/or physician-diagnosed based on hospital records. Weight
and height were measured in light clothing without shoes with SECA
22089 scale (gmbh & co. kg, Germany). Body mass index (BMI)
in kilogram per square meter (kg/m?) was determined by dividing the

weight in (kg) by the square of the height in (m).

2.4 | Spirometry

A trained anesthetist performed spirometry for each participant before
induction and 30 min after induction of SA in the supine position with a
30-degree head elevation. Spirometry was done using the Morgan FVL
spirometer according to the American Thoracic Society/European Res-
piratory Society (ATS/ERS) guideline.'* The spirometry procedure was
first demonstrated to each participant, after which the participant was
made to perform spirometry. Each participant was made to inhale rap-
idly and completely from functional residual capacity, after which a
breathing tube was inserted into the participant's mouth, with the lips
sealed around the mouthpiece and the tongue not occluding the
mouthpiece. The forced vital capacity (FVC) maneuver was then started
with minimal hesitation (within 1-2s after inspiring to total lung
capacity). The participant was prompted to ‘blast” air from their lungs
and was encouraged to fully exhale. Throughout the FVC maneuver,
enthusiastic coaching of each participant was carried out using appro-
priate body language and phrases, such as “keep blowing” or “keep
going”. Measured and calculated spirometric indices from FVC maneu-
ver included FEV,, FVC, and ratio of FEV; to FVC (FEV4/FVC). The
predicted values of FEV,, FVC, and FEV/FVC ratio were determined
for each participant based on their age, gender, height, and ethnic group
using the Global Lung Initiative 2012 equations.'® Intraoperative spi-
rometry could not be done for two participants due to a change in

position during surgery and were therefore excluded from the analysis.

2.5 | Intraoperative measurements
Intraoperative noninvasive measurements of blood pressure, pulse
oximetry, electrocardiography, and temperature were done using

Carescape Monitor B650 (GE, Finland) and recorded. Using a
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structured complication monitoring chart, the minimum heart rate,
blood pressure, peripheral capillary oxygen saturation (SpO,), and
temperature were documented every 3 min after induction of SA.
SpO, and pulse rate were measured with finger probes using the
middle finger.2®!” Hypoxia was defined as SpO, of <95%.% The
study adapted the hospital's protocol to treat sustained hypoxia with
supplemental oxygen and/or manage underlying causes. Blood
pressure was measured on the right upper arm using appropriately
sized cuffs. Hypotension was determined as systolic blood pressure
(SBP) < 90 mmHg or reduction in SBP > 40 mmHg from baseline.'?
Heart rate and rhythm were evaluated using 3-lead electro-
cardiography. Bradycardia was defined as a heart rate of less than 60
beats per minute. Episodes of nausea (self-reported) and vomiting

were recorded.

2.6 | Spinal anesthesia

Study participants fasted as per ASA fasting guidelines.?° Participants
were intravenously infused 1 litre of lactated Ringer solution over
30 min immediately before the institution of SA. SA was induced in
the sitting position with 3mls of 0.5% heavy bupivacaine (15 mg) and
0.5ml (25 mcg) of fentanyl given over 15s using gauge 26 pencil-
point spinal needles at L4/L5 intervertebral space. Participants were
positioned supine with head elevated to 30°. Alcohol preparation was
used to assess the level of sensory block every minute. Sensory
blockade to cold was achieved between T8 and T5 dermatomes. The
modified Bromage score'® was used to assess motor blockade at
3 min following SA and recorded. To cater for fluid maintenance and
replacement of deficit, intravenous crystalloids were given in-
traoperatively at 500 mis/h using an electronic infusion pump (DRE
AVANTI NXT3, USA). A bolus of 5ml/kg was administered as a
rescue dose in hypotension. We further provided a warmer (Bair
Hugger Model 505, USA) to mitigate hypothermia and hypoperfu-
sion. Adverse effects following SA including difficulty in breathing,
hypotension, bradycardia, nausea/vomiting, and hypoxia were man-
aged based on the GARH standard guidelines.

2.7 | Ethics and confidentiality

The principles of the Declaration of Helsinki and its appendices, as
well as national legislation, were followed during the conduct of the
study and all participants provided written informed consent. The
study received ethical approval from the Ethical and Protocol Review
Committee of the College of Health Sciences, University of Ghana
(CHS-Et/M.6-5.17/2018-2019).

2.8 | Statistical methods

Data were analyzed using the IBM Statistical Package for Social
Sciences version 23 software package. Data with normal distribution

Open Access

were presented as mean (standard deviation); whereas those not
normally distributed were presented as median (interquartile range).
Categorical data were presented as frequencies (percentages). Par-
ticipants were grouped into two (AFEV,1% < 10% and AFEV1% > 10%)
based on reductions (A) in FEV1% predicted following SA.?! Differ-
ences in demographic characteristics and intraoperative complica-
tions between AFEV1% < 10% and AFEV1% > 10% were assessed by
chi-square test or Fisher's exact test for categorical variables, and
t-test for continuous covariates or the Mann-Whitney U-test for
covariates not normally distributed. Logistic regression analyses were
used to examine the associations between AFEV1% predicted and
intraoperative hypoxia, hypotension, bradycardia, and nausea/vo-
miting, with adjustments for age, gender, and BMI. A power of study
80% at 95% confidence interval was used. The sample size was cal-
culated using paired sample size formula based on previous studies'®

and a p < 0.05 was considered as statistically significant.

3 | RESULTS

3.1 | Baseline characteristics

The study aimed to recruit 50 participants and follow them up during the
perioperative period. Two of the 50 study participants were excluded
because they were unable to perform technically acceptable spirometry
after induction of SA. Therefore, the current analysis included data from
48 study participants. Baseline characteristics are presented in Table 1.
The mean age and BMI, and the male-to-female ratio were similar in the
AFEV1% < 10% and AFEV1% > 10% groups. Additionally, the proportion
of smokers, individuals who consume alcohol, and hypertensive patients
were similar in the two groups. Further, the mean baseline FEV, & pre-
dicted, FVC% predicted, and the FEV,/FVC were similar between the
AFEV1% < 10% and AFEV1% = 10% groups.

3.2 | Rates of intraoperative complications

Figure 1 compares the rates of intraoperative complications in the
two groups. The mean SpO, before induction of SA, the mean SpO,
following SA, and the change in SpO, following SA did not differ
between the two groups. However, the rate of hypoxia was about
five times higher in the AFEV,1% >10% group compared to the
AFEV1% < 10% group. The rates of hypotension and nausea/vomiting
were approximately twice and five times higher in the AFEV1% > 10%
group than in the AFEV,% < 10% group, although the differences

were not statistically significant.
3.3 | Change in FEV1 and association with
intraoperative complications

Mean FEV1% predicted following SA was lower than mean FEV1%
predicted before SA (83.42 vs. 95.31, p = 0.001). The mean change in
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TABLE 1 Baseline characteristics of study participants.

Characteristics

Age

Gender

Male

Female

Alcohol use (%)
Never smoked (%)
Diabetes (%)
Hypertension (%)
BMI (kg/m?)
Baseline FEV1% pp

Baseline FVC % pp

Baseline FEV,/FVC pp

Baseline SpO, (%)
Post SAB SpO, (%)
Change in SpO(%)

All participants
N =48
38.77 (x11.53)

30 (62.5%)
18 (37.5%)
22 (45.8%)
46 (95.8%)

0 (0%)

3 (6.3%)
24.93 (+4.69)
93.82 (+28.30)
92.79 (+30.40)

102.15 (+10.23)
98.29 (+1.47)
98.31 (+1.55)
-0.02 (+1.39)

AGYEI-FEDIELEY ET AL.

AFEV, < 10% group AFEV, 2 10% group p-value
N=31 N=17
39.00 (+11.51) 38.35 (+11.26) 0.858
0.536
18 (58.1%) 12 (70.6%)
13 (41.9%) 5 (29.4%)
14 (45.2%) 8 (47.1%) 0.756
31 (100.0%) 15 (88.2%) 0.121

0 (0%) 0 (0%) -

3 (9.7%) 0 (0.0%) 0.543
25.79 (£5.16) 24.40 (£3.79) 0.349
89.16 (+20.93) 103.41 (+37.59) 0.097
88.37 (+22.54) 100.71 (+40.45) 0.184

102.55 (+10.94) 103.65 (+7.40) 0.174
99.32 (¥1.59) 98.24 (+1.35) 0.853
98.54 (+1.57) 98.00 (+1.46) 0.262
-0.21 (+1.24) 0.24 (+1.48) 0.301

Note: A spo, is the difference between spo, before spinal anesthesia and spo, after spinal anesthesia.

Abbreviations: BMI, body mass index; FEV, forced expiratory volume in one second; FVC, forced vital capacity; pp, percentage predicted.

Hypoxia Hypotension

Rates of intraoperative complications in study groups

B AFEV1<10% Group = AFEV1210% Group

40.0% 41.2%

Bradycardia Nausea and vomiting

FIGURE 1 Rates of intraoperative complications in AFEV; < 10% and AFEV, = 10% groups compared.

FEV1% predicted was 11.89 (95% Cl 4.89-18.89). In an unadjusted
model, AFEV1% 2 10% was associated with a sevenfold increased risk
of intraoperative hypoxia (OR 7.09, 95% Cl 1.23-40.75, p = 0.028).
After adjustment for age, gender, and BMI, AFEV1% 2 10% was still
associated with an increased risk of hypoxia [AOR 13.55; 95% ClI,
1.07-171.24, p =0.044]. The positive associations between AFEV1% >
10% and hypotension [2.02(0.33-12.46),0.449], bradycardia was not
statistically significant in the unadjusted model and in models adjusted for
age, gender, and BMI (Table 2).

4 | DISCUSSIONS
41 | Summary of key findings

In the current study, there was a significant decline in FEV,
percentage (%) predicted following SA. A relatively high propor-
tion of individuals (35%) had a change in FEV4 2 10% following
SA. The reduction in FEV,% predicted = 10% was associated with
nearly 14-fold increased risk of intraoperative hypoxia.
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TABLE 2 Association between AFEV1% = 10% and intraoperative complications.!

Model 1 Model 2
95% ClI 95% ClI
OR Lower Upper P-value OR Lower Upper P-value
Hypoxia 7.09 1.23 40.75 0.028* 13.55 1.07 171.24 0.044%
Hypotension 2.50 0.57 11.05 0.227 2.02 0.33 12.46 0.449
Bradycardia 1.08 0.32 3.69 0.900 1.10 0.28 4.25 0.895
Nausea and vomiting 5.79 0.55 60.87 0.144 9.74 0.52 183.94 0.129

IModel 1 - Unadjusted: Model 2 - Adjusted for age, gender, and BMI.
p <0.05.

4.2 | Discussion of key findings

In a population of Ghanaians undergoing elective surgery under SA
without any cardiac and/or pulmonary disease, we demonstrated that
there were significant reductions in the percentage predicted FVC
and FEV; 30 min following induction of SA. The effect of SA on
spirometry indices including FEV, and FVC has been previously re-
ported in other populations*?132122 byt not in sub-Saharan Africans.
Considering the role of ethnicity in pulmonary dysfunction?® this

12,13 and

study was warranted. Our results confirm previous reports
have expanded the evidence to sub-Saharan Africans. However, our
findings on the change in FEV, contrast reports among Austrians and

Chinese®??

which did not show a significant reduction in FEV; fol-
lowing SA; in those studies, there was a significant reduction in FVC.

A relatively high proportion of individuals had a change in FEV1%
predicted exceeding 10%. Reduction in FEV1% predicted was asso-
ciated with intraoperative complication. There have been fewer
publications on the association of lung function with the risk of
developing SA-related complications. Many cohort studies within
other populations have shown that reduction in FEV, is a predictor
for cardiovascular diseases such as first-time stroke, heart failure,
myocardial diseases, atrial fibrillation, and even sudden cardiac
death.1%112% Several studies have also observed reduction in blood
pressure and heart rate after induction of spinal SA.2>2¢ For instance,
in the 511 participants by Fakherpour et al study, there was signifi-
cant incidence of hypotension classified as mild, moderate, and
severe 20%, 35% and 40% respectively post SA induction. The role of
sympathetic blockade in these studies has been highlighted. How-
ever, how a reduction in pulmonary function predicts such
cardiopulmonary-related complications remains unknown.

We demonstrated for the first time that participants with a
reduction in FEV;210% had a sevenfold increased risk in in-
traoperative hypoxia post-SA. The risk of hypoxia was persistent
even after we adjusted for age, gender, and BMI. There were also
positive associations between the reduction in FEV,% predicted and
the risk of hypotension and bradycardia. These findings indicate that
a reduction in FEV1% predicted may be associated with a high risk of
intraoperative hypoxia post-SA. The mechanistic basis is unclear.

However, it is biologically plausible that the increased reduction in

FEV1% predicted may indicate a reduction in pulmonary function
reserves. Therefore, individuals whose pulmonary reserves are chal-
lenged following SA, evidenced by a drop in FEV,% predicted are
likely to have poorer pulmonary gas exchange and decreased arterial
oxygenation. This may affect tissue oxygenation, evidenced by in-
traoperative hypoxia. Our study used reduction in SpO, as a surro-
gate marker for hypoxia since it is a simple, reliable, and objective
measurement that approximates arterial oxygen saturation (SaO,).
The relationship between FEV,; and mortality independent of base-
line cardiac function has been previously described in the general
population.?® Also in the general population, FEV;% predicted is a
known robust predictor of sudden cardiac death independent of
cardiac function.* These findings give credence to our observation
of a positive association between a reduction in FEV,% predicted and
cardiac dysfunction following SA, although the biological basis
remains unclear.

4.3 | Limitations

In assessing tissue hypoxia, SpO, was used. In addition to known
deviations from SaO,, other factors affect the accuracy of SpO,
measurements; these include motion, low perfusion, hypothermia,
and excessive ambient light.?”"2? As precautionary measures, we
ensured adequate hydration, normothermia, and limited movement
of the probe site. The wide 95% ClI for the odds of intraoperative
hypoxia warrants the need for a larger sample-sized study testing
the association between change in FEV,; and intraoperative
hypoxia.

5 | CONCLUSION

In conclusion, SA results in reduction in FEV1% predicted. Reduction
in FEV,1% predicted following SA is associated with adverse in-
traoperative outcomes including hypoxia. FEV, may play important
roles in the association between SA and cardiopulmonary complica-
tions. Our findings provide opportunities for future research assess-
ing the mechanism of intraoperative complications following SA.
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Oxygen therapy might be beneficial in patients with increased risk of
reduced FEV, following SA.
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