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ABSTRACT

Background: Epidural analgesia (EA) is effective in patients undergoing minimal invasive repair of pectus excavatum (MIRPE) but is associated
with major complications such as epidural hematomas. It is recommended to assess coagulation status in patients receiving anticoagulant
therapy prior to EA, although no consensus exists in patients without a history of bleeding tendency or anticoagulant therapy. Thus, the aim of
this paper was to assess 1) the prevalence of abnormal routine coagulation parameters, i.e., international normalized ratio (INR) and platelet
count, and 2) the safety of EA in patients undergoing MIRPE.

Methods: In this retrospective study, we identified 1,973 patients undergoing MIRPE at our center between 2001 and 2019.
Complications related to EA were registered for all patients. Information on coagulation parameters was present in 929 patients.
Patients with spontaneously elevated INR >1.5 were referred for assessment of coagulation factor VIl in order to assess the cause of
the elevated INR.

Results: Of 929 patients with coagulation information available, 18 patients had spontaneously elevated INR >1.5 (1.9%). In patients with
INR >1.5, 12 patients underwent further assessment of factor VII, with all patients having a slightly reduced factor VIl close to the lower reference
range. The majority of the 1,973 patients undergoing MIRPE received EA (99.6%) with very low complication rates (0.2%) and no incidence
of epidural hematomas.

Conclusion: In patients undergoing MIRPE, coagulation screening prior to EA should not be mandatory as it revealed no clinically relevant

consequences. EA is safe with very low complication rates.
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INTRODUCTION

Pectus excavatum (PE) is the most common chest wall
abnormality affecting 1:3-400 of male newborns.!"
Minimal invasive repair of pectus excavatum (MIRPE)
is the treatment of choice for patients with moderate to
severe pectus excavatum.” The instantaneous remodeling
and correction of the chest wall during the procedure are
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associated with substantial postoperative pain.”! Although
the optimal postoperative pain management regiment is
disputed, some studies favor epidural analgesia (EA) over
alternatives such as patient-controlled analgesia (PCA),
nerve blocks, ot cryoablation.” ! However, EA is associated
with severe complications, including epidural hematomas
and infection.”
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The occurrence of epidural hematomas is a major concern
with EA despite very low reported incidence, and risk
factors include abnormal coagulation status.”! Therefore,
the American Society of Regional Anesthesia and Pain
Medicine guidelines recommend predefined intervals
between anticoagulation therapy and insertion as well as
the removal of epidural catheters. Furthermore, assessment
of coagulation status is recommended in patients receiving
anticoagulant medication.'"” There is no consensus in
patients requiring EA where abnormal coagulation is not
expected. PE is associated with connective tissue diseases
such as Marfan syndrome and Ehlers Danlos, both of
which have a higher prevalence of bleedings as compared to
healthy controls.""'?l However, the prevalence of abnormal
coagulation parameters in PE patients undergoing MIRPE
is unknown.

Thus, the aims of this study were to 1) estimate the
prevalence of abnormal routine coagulation parameters
and 2) assess the safety of EA in patients undergoing
MIRPE.

METHODS

Study population and data collection

From 2001 to 2019, 1,973 patients underwent correction of
moderate to severe PE with the modified Nuss procedure
ad modum Pilegaard at Aarhus University Hospital,
Denmark.!” Permission to petform data collection was
granted by the head of the Department of Cardiothoracic
and Vascular Surgery. According to Danish law, quality
improvement studies do not require approval from an
ethics committee, and anonymized data can be published.
Patients were included if registered under the procedure
code for correction of PE (KGAF10). Exclusion criteria
were missing medical records or misclassification [Figure 1].
Medical records were retrospectively assessed between 2018
to 2019. Information was registered on gender, age, length
of hospital stay (including the day of surgery), operating
time, number of bars inserted, and two routine coagulation
parameters; International Normalized Ratio (INR)
and platelet count. Furthermore, surgical bleeding
complications (i.e., significant perioperative bleedings or
postoperative hematomas mentioned in medical charts),
analgesic strategy, and severe complications related to
analgesia were registered.

Biochemical analysis

Blood samples were obtained routinely prior to
operation with measurements of INR and platelet
count. In patients with increased INR, an additional
blood sample was obtained to determine coagulation
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Patients identified by search
for procedure code for bar
insertion (KGAF03)
(n=1995)

Patients excluded (n=22) due to
- medical records missing (n=3)
- misclassification (n=19)

Patients included
(1=1973)

Vs

INR NA
(n=1044)

INR<15 INR>15
(0=911) (n=18)

N

Figure 1: Consort diagram showing the inclusion of the 1,973 patients
undergoing MIRPE in this study. Abbreviations: MIRPE = Minimal
Invasive Repair of Pectus Excavatum; INR = International Normalized
Ratio; NA = Not Available

factor VII. For INR and factor VII measurements,
venous blood specimens were collected into 2 ml
Vacuette INC tubes (Venosafe Terumo Europe N.V.
Belgium) containing coagulation sodium citrate 3.2%.
Plasma was prepared by centrifugation for 10 min at
2800 g (centrifugal force). INR was determined instantly
with Sysmex CS5100 (Sysmex, Denmark) in the tubes
with thromboplastin with an ISI value of 0.98 —1.00, and
the calibration was performed according to international
guidelines."" Factor VII was determined with ACL
TOP 550 (ILS, Denmark). Samples for platelet count
measurements were collected in 2 mL Vacuette EDTA
tubes (Venosafe Terumo Europe N.V. Belgium) and
determined on Sysmex XN9000 (Sysmex, Denmark).

Perioperative analgesic strategy

Patients with normal or close to normal coagulation
parameters (INR <1.5 or platelet count 2100 x 10° L)
proceeded to surgery within one week with the standard
analgesic strategy at our center. In patients with abnormal
coagulation parameters (INR 21.5 and/or platelet
count <100 x 10° L"), the analgesic strategy was
planned together with the anesthesiologist. Based on the
anesthesiologist’s evaluation of the patients’ individual risk,
patients either proceeded to surgery with EA, surgery with
PCA or were referred for further coagulation assessment
at the local department with expertise in coagulation
defects. Here, measurement of coagulation factor VII was
conducted, and based on the findings, the analgesic strategy
was chosen accordingly. Patients with abnormal coagulation
parameters and who were not referred for further
coagulation assessment prior to surgery were contacted,
and evaluation of coagulation status was performed after
retrospective data collection.
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Epidural catheters were inserted immediately prior to
general anesthesia by anesthesia specialist physicians
at the Department of Cardiothoracic and Vascular
Anesthesia or by anesthesia fellows under supervision.
Catheters were inserted through 18G Touhy cannulas at
the high-thoracic level. Hanging-drop- or loss-of resistance
techniques were used in a median or paramedian approach
at the discretion of the individual anesthetist. During
general anesthesia, EA was maintained with bupivacaine
0.5% and, upon extubation, epidural infusions typically
consisted of bupivacaine 0.1-0.125% with or without
fentanyl (2 ug/mL) and epinephrine (2 ug/mL).

Patients were anesthetized with propofol, fentanyl, and
rocuronium and subsequently intubated. Postoperative
analgesics routinely included intravenous ketorolac, oral
non-steroidal anti-inflammatory drugs (NSAIDs), and
paracetamol. Routinely, the EA was discontinued, and the
epidural catheter was removed on the second postoperative
day. Patients were discharged on the same day with oral
paracetamol, NSAIDs, and opioids for 46 weeks.

Statistical analysis

All data were registered in REDCap!™ (Reseatch Electronic
Data Capture, REDCap Consortium, Vanderbilt University
Medical Center, Tennessee, USA), and statistical analyses
were performed in Stata (StataCORP, version 15.1,
Texas, USA). Normal distribution was assessed with
quantile-quantile plots. Continuous variables were
reported as means with standard deviation or medians
with interquartile ranges. Differences between continuous
variables were assessed with the Mann-Whitney U test
or unpaired student’s t-test, and differences between
categorical variables were assessed with Chi* or Fishet’s
exact test, where appropriate. Two-sided P values < 0.05
were considered statistically significant.

RESULTS

Of the 1,992 patients identified, 1,973 patients were
included [Figure 1]. Table 1 shows the baseline and
perioperative characteristics of the study population. The
median age was 17 years, and the male to female ratio was
5:1. All except seven patients were treated with EA (99.6%).
In four patients, complications potentially related to EA
were observed (0.2%). One patient experienced a spinal
headache. Consequently, EA was discontinued, and the
patient was subsequently treated with a blood patch and
PCA. The second patient had symptoms equivalent to
cauda equina syndrome but quickly regained full neurologic
function spontaneously. The third patient experienced
upper extremity motor impairment, but the subsequent
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spinal cord magnetic resonance scan was normal. In the
fourth patient, the epidural catheter was placed subdural,
causing loss of conscience upon administration of the
test dose (4 mL lidocaine (2%) with epinephrine (5 %o)),
immediate intubation, and postponement of surgery.
Uneventful surgery was carried out two weeks later. Seven
patients were treated with PCA (0.4%); four patients, due
to technical inability to insert an epidural catheter; one
patient due to spontaneously elevated INR >1.5; and two
patients diagnosed with Ehlers-Danlos syndrome with
a potentially increased bleeding tendency. No patients
received anticoagulant therapy prior to surgery.

Due to a change of the hospitals’ electronic medical chart
systems in 2012, biochemical data was only accessible after
this time point, leaving biochemical data from 929 patients
eligible for analysis. Of these, 18 patients had a spontaneously
elevated INR 21.5 (1.9%), while no patient had a platelet
count <100 x 10 L. The group with INR 1.5 was slightly
younger than the group with INR <1.5 (P=0.03). No other
factors differed significantly across INR groups [Table 1].
The surgical procedure was postponed in nine patients (50%o)
in the group with elevated INR, while surgery was performed
without delay in the remaining nine patients. None of the
patients with INR 1.5 had surgical bleeding complications,
while this occurred in 12 patients with INR <1.5 (1.3%). All
patients with INR >1.5 except one were treated with EA
without complications.

Of the 18 patients with spontaneously elevated INR 21.5,
12 patients underwent further coagulation assessment
with measurement of factor VII [Table 2]. Factor VII was
low within the normal reference range or just below the
reference range ([0.5-2.0] X 10° TU X L") in these patients.
Only one patient had significantly depleted levels of factor
VII (0.17 X 10° TU x L") and underwent further genetic
assessment without any positive findings.

DISCUSSION

This study found a prevalence of abnormal coagulations
parameters based on an assessment of INR and platelet
count of merely 1.9% in patients undergoing MIRPE.
The causes of spontaneously elevated INR 21.5 were
attributed to reduced levels of factor VII being close to
the lower reference limit, and this group underwent surgery
with no complications related to EA or surgical bleedings.
Furthermore, we found a low incidence of complications
with routine use of EA in patients undergoing MIRPE.

The slightly reduced levels of factor VII in patients with
spontaneously elevated INR 21.5 were expected, as INR is
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Gender
Male, n (%)
Female, n (%)
Age (years)
Operation time (mins)
Length of hospital stay (days)
No. of Bars, n (%)
1
2
3
Laboratory tests
INR
Platelet Count (x10°/L)
Analgesia type
Epidural analgesia, n (%)
PCA, n (%)
Analgesia complications, n (%)
Bleeding complication, n (%)
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1678
295
17
31

1441
514
18

1.1
240

1966
7(1)
4
31

(85%)

(15%)
(5)
(18)
(2)

(73%)
(26%)
(1%)

(0.1)
(*52)

(99.6%)
(0.4%)
(0.2%)
(1.6%)

909
135
17
33

782
252
10

1038
6(1)
2
19

(87%) 753
(13%) 158

6) 16

(18) 34

2) 3
(75%) 645
(24%) 258
(1%) 8

NA 1.1
NA 240
(99.4%) 911
(0.6%) 0
(0.2%) 2
(1.8%) 12

(83%)
(17%)
(5)
(17)
(2)

(71%)
(28%)
(1%)

(0.1)
(£52)

(100%)
(0.0%)
(0.2%)
(1.3%)

16

1.5
260

17

1
0
0

(89%)

(11%)
(2)
(22)
(2)

(78%)
(22%)
(0%)

[1.5-1.7]
(£ 74)

(94%)
(6%)
(0%)
(0%)

0.49
0.03
0.86

0.77

1.00

Data are indicated by n (%), median (IQR) or [min-max], or mean (= SD). Abbreviations: INR=International Normalized Ratio; IQR=InterQuartile
Range; mins=minutes; PCA=Patient Controlled Analgesia; NA=Not Available

1 M 16 15 170 EA
2 M 16 15 424 EA
3 M 15 15 271 EA
4 F 13 16 176 EA
5 M 43 1.6 259 PCA
6 M 15 15 281 EA
7 M 13 15 311 EA
8 M 15 15 224 EA
9 M 13 15 251 EA
10 M 23 15 163 EA
1 M 16 15 202 EA
12 F 15 17 334 EA
13 M 14 16 267 EA
14 M 13 15 322 EA
15 M 16 15 285 EA
16 M 15 15 356 EA
17 M 18 1.5 239 EA
18 M 16 15 142 EA

No No NA
No No NA
No No VIl 0.62
No Yes VIl 0.54
No Yes VIl 0.54
No Yes VII 0.66
No No NA
No Yes VI 0.61
No No NA
No No NA
No No VIl 0.47
No No VIl 0.17
No Yes VI 0.41
No Yes VI 0.61
No Yes VI 0.41
No Yes VII 0.66
No Yes VIl 0.38
No No NA

Abbreviations: INR=International Normalized Ratio; M=Male; F=Female; EA=Epidural Analgesia; PCA=Patient Controlled Analgesia; NA=Not

Available. Factor VII reference range [0.5;2.0] X 10° IUxL?

an indicator of the extrinsic pathway and is largely affected
by levels of factor VIIL. Levels of factor VII are lower in
children and adolescents than in adults, and levels of factor
VII as low as 0.10 have not been shown to be associated

1617 Routine measurements of INR

with surgical bleedings.!
and platelet count are often used as a screening for abnormal
coagulation in clinical practice despite the fact that several
studies indicate that these parameters are of limited value

8 Furthermore, a

in predicting perioperative bleeding.
meta-analysis including 25 studies showed a poor association
between elevated INR and bleeding complications in various
invasive clinical procedures ranging from internal organ
biopsies to bronchoscopy and angiography.!'”) As INR was

developed and documented merely to monitor the effect
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of vitamin-K antagonists, it has been advocated only to use
20]

INR in patients taking vitamin K-antagonists.
Our findings support the general notion that EA is a safe
analgesic strategy in healthy patients undergoing MIRPE.
The previously reported incidences of epidural hematomas
should be interpreted with caution as these numbers
are based on either retrospective register studies or case
series and are therefore prone to bias.'” In spite of this
fact, the risk of serious adverse effects including epidural
hematomas varies across different study populations, and
the risk is dependent on several factors such as patient age,
sex, type of surgery, presence of abnormal coagulation,
or anticoagulant therapy.["%*! Risk estimates of incidences
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of epidural hematomas range from 1,/200,000 in females
undergoing childbirth to 1/3,600 in older females
undergoing knee arthroplasty.®! Moreover, in patients
with abnormal coagulation parameters, 2/630 patients
developed epidural hematomas.”” Both cases occurred
in patients with both epidural catheters and spinal drains
undergoing abdominal aortic aneurism repair. The mean
age of the study population was 67 years, and the majority
of the patients received anticoagulant therapy.

No cases of spinal hematomas have been reported in
patients treated with EA undergoing MIRPE. Patients
undergoing MIRPE are characterized by (1) the large
majority of patients being healthy males,* (2) the
prevalences of abnormal INR and PC being very low, (3)
no patient receiving anticoagulant medication, 4) as MIRPE
is elective surgery, all patients being without concurrent
systemic infection, and (5) the MIRPE procedure being
associated with a low risk of bleeding. All these factors
reduce the risk of serious adverse effects when applying
EA to highly theoretical and very low estimates.

Strengths and limitations

This is the first large-scale study to investigate the
prevalence of abnormal coagulation parameters and safety
of EA in patients undergoing MIRPE. Furthermore,
data completeness was very high, with EA complication
data available for all of the included patients. However,
the frequency of serious adverse events following EA in
healthy patients is very low, and this study is insufficiently
powered to address the question of EA safety.

CONCLUSION

In patients undergoing MIRPE, the routine coagulation
screening prior to epidural analgesia should be restricted
to patients with a bleeding history or patients receiving
anticoagulants. The use of epidural analgesia is safe with
very low rates of serious complications.
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