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Purpose: This retrospective study aimed to explore the effect of erector spinae plane block (ESPB) on the gastrointestinal function in
patients after traumatic lumbar fracture surgery and the effects of different levels of block approach.

Patients and Methods: Clinical data were retrospectively analyzed from electronic medical records of patients who underwent
traumatic lumbar spine fracture surgery (September 2022-June 2023). Eligible patients were divided into three groups: group
L (bilateral ESPB at L3 level), group T (bilateral ESPB at T12 level) and group C (no block). The primary outcomes were the
incidence and the time of occurrence postoperative bloating. We also recorded the time of the first flatus and bowel movement,
postoperative nausea and vomiting (PONV), gastrointestinal medications, enema, intraoperative opioid dosage, number of rescue
analgesia within 48 h postoperatively, visual analogue scale (VAS) scores at 24 h and 48 h postoperatively, inflammatory mediators,
complications and hospital length of stay (LOS).

Results: 145 patients were included, including 32 in group L, 33 in group T and 80 in group C. Patients in group L and T experienced
less bloating compared to group C (P < 0.05). Patients in group T presented bloating significantly later than group L (log rank P <
0.0167). Patients in group L and group T had a significantly shorter time to first flatus and bowel movement, lower incidence of PONV,
gastrointestinal medications and enema, and a lower dose of opioid and VAS scores at 24 h postoperatively compared to group C (all
P < 0.05), the difference between group L and T was not statistically significant.

Conclusion: Bilateral ESPB improved postoperative gastrointestinal function in patients with traumatic lumbar spine fracture, where
the T12 level of ESPB was more favorable than the L3 level.
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Introduction

Postoperative gastrointestinal dysfunction (POGD), or postoperative ileus (POI), frequently occurs after surgery in
patients with lumbar spine fracture.' It typically manifests as transient gastrointestinal dysfunction, resulting in symp-
toms such as nausea and vomiting, bloating, abdominal pain, and delayed expulsion of gas or faeces.” Improper
management of POGD can impact nutrient intake and absorption, causing delayed wound healing, higher infection
risk, increased hospitalization expenses, extended the length of hospital stay and recovery periods, and even potential
mortality.>* POGD has been linked to autonomic dysfunction, opioid use, surgical traumatic stress, inflammation, and
prolonged bedbound.'*"® Patients who have suffered from a traumatic lumbar fracture tend to display a greater severity
of POGD. This is primarily due to the compression and stimulation of the peripheral sympathetic nerves by the fractured
vertebrae and hematoma. Pre-existing bedridden immobility may also contribute to this syndrome.”* The administration

of stellate ganglion block or adjunctive drugs, including dexmedetomidine, lidocaine, and gastrointestinal medications,
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for the prevention of POGD following spinal surgery is currently available in clinical practice. However, these
interventions pose a risk of causing hemodynamic instability or having a controversial effects.”**'

The erector spinae plane block (ESPB) is a regional technique that involves the injection of local anesthetic into the
fascial space between the deep surface of the erector spinaec muscle and the transverse process of the vertebral body. It is
commonly used for postoperative pain management in lumbar spine surgery and facilitates early recovery and improved
analgesia.'""'? Recently, ESPB at the T8 level has been shown to improve acute gastrointestinal dysfunction in critically
ill patients.'® Zheng et al'* also demonstrated that ESPB at the 2-level of the lumbar spine bilaterally promotes recovery
of gastrointestinal function after lumbar fusion. However, it remains unclear whether ESPB facilitates the recovery of
gastrointestinal function in patients with traumatic lumbar spine fracture surgery, as no studies have confirmed the
optimal level of block.

The sympathetic preganglionic fibres that innervate the gastrointestinal tract from the stomach to the transverse
colon have their origins at T5-T12. In theory, the ESPB administered near the level of the thoracic level is more
effective in blocking these sympathetic nerves and promote gastrointestinal motility. Given the current availability of
ESPB at our institution, and in light of previous researches, we hypothesized that bilateral ESPB may improve
postoperative recovery of gastrointestinal function in patients with traumatic lumbar spine fracture and ESPB at the
T12 level may show more advantages than ESPB at the L3 level. The purpose of our retrospective study was to
analyze and justify this hypothesis.

Materials and Method

Data Collection

This study was approved by the Ethics Committee of the Third Hospital of Hebei Medical University (Review No: Ke
2023-046-1). The need for written informed consent was waived. The selected patients were those who underwent
traumatic lumbar vertebral fracture surgery under general anesthesia, of any gender, aged 18-80 years old, with
American Society of Anesthesiologists (ASA) grade I to III, and all of them were using a patient-controlled intravenous
analgesia (PCIA). The exclusion criteria included the following: preoperative presence of abdominal injury, or combined
gastrointestinal functional disorders (ulcerative colitis, Crohn’s disease, irritable bowel syndrome, etc)., body mass index
(BMI) >40 kg/m?, combined spinal cord injury, tumor, and other causes of pathologic fracture, patients with preoperative
use of opioid medication, surgery and injury of more than two segments, and simultaneous combination of other parts of
surgery or nerve block. An electronic medical record information system was used to review and obtain relevant data on
the patients. Patients were divided into three groups according to whether ESPB block was performed and the level of
ESPB block: group L (bilateral ESPB at the level of L3), group T (bilateral ESPB at the level of T12), and group C (no
block).

The primary outcomes were the incidence of bloating within 48 hours postoperatively and the time of the first
occurrence of bloating based on relevant medical records and nursing notes. Secondary outcomes included the time of
the first flatus and bowel movement, the occurrence of postoperative nausea and vomiting (PONV), the use of
gastrointestinal medications, and the use of enema, intraoperative opioid dosage, number of rescue analgesia within
48 h postoperatively, VAS scores at 24 and 48 hours after operation and the length of hospital stay (LOS, counted from
the first postoperative day to discharge). All opioid dosages, except for remifentanil, were converted to a sufentanil
equivalent dose. Additionally, postoperative complications such as delirium, dizziness, fever, and wound infection
were recorded. Inflammation mediators, such as white blood cell (WBC) count, neutrophil-to-lymphocyte count ratio
(NLR), and C-reactive protein (CRP) were collected on both preoperative and postoperative days. Demographic and
surgical characteristics were collected, including gender, age, body mass index (BMI), lumbar spine injury and
operative segment, preoperative comorbidities (associated with limbs fractures other than the lumbar spine, hyperten-
sion, diabetes mellitus, coronary artery disease, pulmonary complications, etc)., ASA grade, duration of injury to
surgery, duration of surgery and anesthesia, intraoperative urine output, bleeding, fluid transfusion and blood
transfusion.
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Anesthesia Management

Following the anesthesia practice of our institution, patients were admitted to the operating room to establish intravenous
access, electrocardiogram, pulse oximetry, and non-invasive blood pressure monitoring. General anesthesia was induced
with intravenous midazolam, sufentanil, etomidate and rocuronium bromide for endotracheal intubation. Blood pressure
was maintained within a range of 80% to 120% by continuous intravenous infusion of propofol and remifentanil.
Neuromuscular blocking drugs were administered during surgery as required. PCIA was performed with 1 ug/kg
sufentanil, ramosetron 0.6 mg and 0.9% sodium chloride to 100 mL. The programmes were set with a background
dose 2 mL/h, patient-controlled analgesia bolus 2 mL, and locking time interval 15 minutes.

Ultrasound-Guided Bilateral Erector Spinae Block

At our institution, ESPB was performed using two puncture sites located at the L3 and T12 levels, as determined by
experienced anesthetists’ preference. The patient was placed in the prone position after induction, and the patient’s
anatomical structures such as the spinous processes, transverse processes, and erector spinaec muscles were identified
using a high-frequency ultrasound transducer. For the ESPB at L3 level, a nerve block needle was inserted at the L2 level
and translated cranially to caudally to reach the transverse process of L3. The tip of the translating needle was placed
with the bevelled side facing up to reach the tip of the L3 transverse process. Next, 2 mL of saline was injected to ensure
diffusion in the fascial plane without intramuscular injection. On each side, 25 mL of 0.375% ropivacaine solution was
injected, for a total of 50 mL per patient. For the ESPB at T12 level, the nerve block needle was inserted at the level of
T11, translated cranially to caudally to reach the level of T12, and the tip of the needle was placed obliquely upward to
reach the tip of the transverse process of T12.The rest of the procedure was performed as in the previous L3 level ESPB.

Statistical Analysis

The statistical analyses were performed on SPSS software version 26.0 (IBM Corp, Armonk, NY, USA). Continuous
variables were expressed as mean + SD (x + s) or median (IQR), while frequencies and percentages described qualitative
variables using the chi-squared test or Fisher’s exact probability method. Normally distributed data were tested using
one-way analysis of variance (ANOVA) and comparisons between groups were made using the Bonferroni test. Non-
normally distributed data were tested using the Kruskal-Wallis H rank sum test. A Log Rank test was performed to
determine the time of occurrence of postoperative abdominal distension. Kaplan-Meier survival curves were plotted, and
between-group comparisons were corrected using the Bonferroni test. The difference was considered statistically
significant at P < 0.0167 after correction. All other statistical tests were performed using the two-sided test, and the
difference was considered statistically significant at P < 0.05.

Results
A total of 145 patients were included in the present study for analysis out of 163 patients who underwent surgery for
traumatic lumbar spine fracture. 16 patients were excluded based on the inclusion and exclusion criteria (3 with
3-segment lumbar spine injuries, 5 with spinal cord injuries, 3 with extra-lumbar spine surgeries, 3 with abdominal
injuries, and 2 without PCIA). There were 32 patients in group L, 33 patients in group T, and 80 patients in group
C (Figure 1). There was no statistically significant difference among the three groups in terms of demographic and
surgical characteristics, all P > 0.05 (Table 1).

The incidence of bloating within 48 hours after operation was lower in group L and group T compared to group
C (40.6%, 18.2%, 68.8%, P < 0.05), and the difference between patients in group L and group T was not statistically
significant. Survival analysis of the time of occurrence of bloating in the three groups was performed, and the Kaplan-
Meier survival curves showed that the time of occurrence of bloating was significantly later in groups L and T than in
group C (Log Rank P < 0.001). And the time of occurrence of bloating was later in group T than in group L, P <0.0167
(Figure 2). The time to first flatus and bowel movement after operation in groups L and T were earlier compared to group
C, all P > 0.05. The difference between the patients in groups L and T was not statistically significant. The incidence of
PONY, gastrointestinal medications use, and postoperative enema in groups L and T were lower than in group C, all P <
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Figure | Flow diagram demonstrating patients included for study analysis.

0.05. There was no statistically significant difference between patients in group L and group T regarding the time to first
flatus and bowel movement, incidence of PONV, use of gastrointestinal medications, and enema, all P > 0.05 (Table 2).

Compared to group C, patients in groups L and T received lower intraoperative remifentanil dosages and reported
lower 24 h postoperative VAS scores (P < 0.05). The differences between patients in groups L and T were not statistically
significant (P > 0.05). There were no statistically significant differences in the intraoperative dosage of sufentanil, VAS
scores at 48 h postoperatively, number of analgesic remedies used in the 48 h postoperative period, postoperative
inflammation mediators, postoperative complications, hospital length of stay among the three groups, all P > 0.05
(Table 3).

Discussion

ESPB, a popular fascial plane block technique, has been employed in recent years for the management of perioperative
analgesia in patients undergoing spinal surgery. To our knowledge, this study focused for the first time on patients
undergoing lumbar spine fracture surgery who may have more severe postoperative gastrointestinal dysfunction. The
reduced total dosage of ropivacaine in this study led to a lower incidence of local anesthetic toxicity compared to the

1.'* Furthermore, it is the first to compare the differences in

results reported in a previous study conducted by Zheng et a
the effects of different block levels on postoperative gastrointestinal function. The results of this study indicated that

bilateral erector spinae block accelerated postoperative recovery of gastrointestinal function, reduced postoperative pain,
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Table | Demographic and Surgical Characteristic

Group L(n=32) | Group T(n=33) | Group C(n=80) | P

Gender (male/female) 20/12 21/12 51129 0.992
Age (years) 48+13.48 51£11.90 49+14.22 0.578
BMI (kg/m?) 24.55+3.87 24.69+3.32 24.49+5.48 0.979
Preoperative comorbidities

Limbs fractures 6 (18.8%) 2 (6.1%) 18 (22.8%) 0.110
Hypertension 4 (12.5%) 3 (9.1%) 14 (17.5%) 0.507
Diabetes mellitus 2 (6.3%) 1(3.1%) 7 (9.3%) 0.628
Coronary artery disease 3 (9.4%) 3(9.1%) 7 (8.9%) 1.000
Pulmonary complications 7 (21.9%) 4(12.1%) I (13.9%) 0.486
ASA (/117111 2/28/2 1/25/7 6/61/13 0.469
Injury segments (one/two) 28/4 28/5 66/14 0.801
Duration of injury to surgery (days) 5 (48 4(4,6) 6 (4,10.5) 0.088
Duration of surgery (min) 105 (90,120) 105 (85.5,108.5) 110 (85,155) 0.152
Duration of anesthesia (min) 160.2 (150,180) 154.8(150,210) 165 (149,210) 0.947
Urine output (mL) 500 (300,500) 500(300,500) 400 (300,600) 0.998
Bleeding (mL) 250 (200,400) 400 (250,450) 300 (200,300) 0.655
Fluid transfusion (mL) 1950 (1700,2350) | 2050 (2025,2125) | 2100 (1700,2450) | 0.458
Blood transfusion (mL) 0(0,0) 0(0,0) 0 (0,0 0.160
Preoperative inflammation mediators

WBC count (x10°/L) 7.76 (6.49,9.30) 6.98 (6.29,7.70) 8.68 (7.45,10.76) | 0.708
NLR 4.43 (2.67,8.47) 5.68 (5.03,6.62) 7.28 (4.53,9.50) 0.992
CRP (mg/dl) 30.61 (9.50,53.55) | 7.83 (6.05,60.96) | 22.9 (3.98,32.69) | 0.945

Notes:Data are presented as mean + SD, number of patient (%), or median (IQR).

Abbreviations:BMI, body mass index; ASA, American Society of Anesthesiologists; WBC, white blood cell; NLR, neutrophil-to-

lymphocyte count ratio; CRP, C-reactive protein.

and decreased opioid dosage in patients with traumatic lumbar fracture compared to those who did not receive ESPB.

ESPB at the level of the transverse process of T12 may enhance postoperative gastrointestinal recovery more than L3.

The mechanism behind the promotion of postoperative recovery of gastrointestinal function in patients undergoing

lumbar spine fracture surgery by bilateral ESPB remains unclear. The gastrointestinal tract is innervated by both

sympathetic and parasympathetic nerves, sympathetic excitation inhibits gastrointestinal motility and secretion, while

parasympathetic nerves do the opposite. Preganglionic sympathetic fibres originating from the lateral horn of the spinal

-

o

o
]

Percentage of survival(%)
(3]
o
1

T I SN R T
10 20 30 40 50

Time(postoperative hours)

o

o

Figure 2 Kaplan-Meier survival curves for time of the first occurrence of bloating among three groups.
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Table 2 Operative Gastrointestinal Function

Group L(n=32) | Group T(n=33) | Group C(n=80) | P
Bloating 14 (43.8%) * 6 (18.2%)* 55(68.8%) <0.001
Time to first flatus 13.75(7.25,21) * 20 (19.5,22.5) * 33(29,40) <0.001
Time to first bowel movement 46.5 (36,50)" 42.5 (38.5,44)* 59 (51.5,70.5) 0.002
PONV 0 (0%) * I (3%)* Il (14.3%) 0.025
Gastrointestinal medications use | 3 (9.4%) ® 7 (122%) ® 41 (51.2%) <0.001
Enema 6 (18.8%)* 3 (9.7%)° 42 (53.2%) <0.001

Notes:Data are presented as number of patient (%) or median (IQR). * Compared with group C, the difference was

statistically significant.

Abbreviation:PONYV, postoperative nausea and vomiting.

Table 3 Other Variables

Group L(n=32) Group T(n=33) Group C(n=80) P
During operation
Sufentanil (ug) 35 (30, 42) 35(30,40) 38 (30,40) 0.372
Remifentanil (ug) 1200 (1020,1700) * 1260 (995,1650)* 1800 (1330.5,2000) 0.003
Postoperation
24hVAS score 3(235)° 324 ° 3 (3,4.5) 0.018
48hVAS score 2(2,3) 3(2,3) 3 (24 0.201
Rescue analgesic 8 (25%) Il (33.3%) 29 (36.3%) 0.520
WBC count (x107/L) 8.60 (7.64,11.93) 8.36 (7.28,12.06) 8.54 (6.96,11.10) 0.961
NLR 8.78 (4.69,12.78) 7.67 (7.20,12.51) 7.89 (4.51,10.58) 0.994
CRP (mg/dl) 69.11 (30.98,96.17) 27.56 (18.02,67.19) 41.27 (14.90,61.95) 0.531
Complications
Delirium I (3%) 0 (0) 0 (0) 0.221
Dizzy 0 (0) I (3%) 2 (2.5%) 1.000
Fever 2 (6.3%) | (3%) 10 (13.2%) 0.220
Wound infection 0 (0) 0 (0) 0 (0) -
LOS (days) 6.88+2.98| 6.91+4.043 7.45+3.377 0.629

Notes:Data are presented as number of patient (%) or median (IQR). * Compared with group C, the difference was statistically
significant.
Abbreviation:LOS, the length of hospital stay.

cord in the T5-T12 level enter the paravertebral sympathetic trunk via the white traffic branch, and are distributed to the
stomach, small intestine, ascending and transverse colons following commutation of the abdominal ganglia and superior
mesenteric ganglia. Sympathetic preganglionic fibres from the lateral horn of the spinal cord at T12-L3 enter the
paravertebral sympathetic trunk via the white traffic branch and innervate the descending colon, sigmoid colon and
rectum after ganglionic commutation in the mesenteric subperitoneal plexus and the infra-abdominal plexus.'® The
erector spinae plane block acts mainly through the physical diffusion of local anesthetic into the neural structures within
the fascial plane. According to previous autopsy and clinical experience, local anesthetic can diffuse longitudinally at 3—5
levels, with 25 mL of local anesthetic injected at the level of L3 diffusing to L1-L5, and at the level of T12 diffusing
more broadly to T8-L5."'® The use of the erector spinae muscle plane block in thoracic and abdominal surgical analgesia
provided clinical evidence of the anterior diffusion of local anesthetics.'”** Schwartzmann et al*> also found local
anesthetic diffusion deep into the erector spinae muscle, paravertebral and circumferential epidural under magnetic
resonance imaging. Therefore, the most likely mechanism explains that bilateral ESPB can promote gastrointestinal
motility through local anesthetic diffusion into the paravertebral and epidural spaces, thus blocking the dorsal and ventral
branches and sympathetic nerves innervating the gastrointestinal tract. In this study, we also found that patients who
received ESPB at the T12 level experienced bloating later than those who received ESPB at the L3 level. This is because

the anatomical location of the T12 level is closer to the sympathetic nerves of the gastrointestinal tract, and the transverse
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processes of the thoracic vertebrae are 2—3 cm in length, while those of the lumbar vertebrae can be up to 4-6 cm in
length and the muscles of the lumbar back are more compact.”* These anatomical features make the T12 level ESPB have
a relatively wide spread of local anesthetics and the sympathetic nerve block is relatively adequate. The reason for no
difference in the incidence of abdominal distension and postoperative defecation time between the two groups at the T12
level and the L3 level may be due to the sample size limitation received.

We found that bilateral erector spinae plane block can reduce intraoperative opioid dosage and pain levels at 24 hours
after operation. The ESPB at the lumbar level has been demonstrated to have an analgesic effect in lumbar spine surgery.
Similar to our results, ESPB performed at the T12 level provided effective analgesia and the block effect was safe and
stable at the T9-L5 level in lumbar spine surgeries.'®*> The opioid-sparing effect of ESPB at the L3 level and T12 level
also provides an advantage in facilitating the recovery of postoperative gastrointestinal function. Opioids have the
potential to inhibit gastrointestinal motility and cause opioid-induced constipation (OIC).?* The intestinal intermuscular
plexus and submucosal plexus contain a significant number of peripheral p-receptors. The activation of these receptors by
opioids can delay gastric emptying and slow down the movement of food in the intestinal tract. And opioids can also
cause anal sphincter dysfunction, which hinders the defecatory reflex.?®*” On the other hand, the pain relieved by the
ESPB reduces the stress response. Therefore, we propose that bilateral ESPB can promote postoperative gastrointestinal
function recovery by providing optimal analgesia and reducing opioid use.®**>° There were no significant differences in
the postoperative 48 h VAS scores or the rescue analgesic within 48 hours among the three groups. This lack of
difference may be related to the time it takes for the ESPB to subside.*®

Inflammatory process also plays an essential role in the developing of POGD.*' However, no statistical differences
were found among the three groups in this study for postoperative inflammatory mediators such as white blood cell
(WBC) count, neutrophil-to-lymphocyte count ratio (NLR), and C-reactive protein (CRP). Sympathetic activation can
lead to the release of endogenous catecholamines, causing an increase in neutrophils and a decrease in lymphocytes, so
NLR is often used as a judge of early stress and inflammation levels.>? Additionally, CRP is a pro-inflammatory mediator
that is released early in response to stress. Zheng et al'* found that 2- level of bilateral ESPB reduced stress and
postoperative inflammatory mediators, such as CRP, in patients undergoing lumbar spine surgery. The disparity between
the findings of this study and those of previous studies may be attributed to the fact that the patients selected for this
study had traumatic lumbar spine fractures, which may be combined with fractures other than those of the spine, and the
trauma of the fracture itself can increase the stress response of the organism.® On the other hand, the inflammation of the
patient was related to the patient’s use of antibiotics, the magnitude of the trauma of the operation, and infection control,
and many other factors, and this study did not control for these confounding factors. In addition, this study was
a retrospective study and only routine hematological indicators already present in the cases could be used, while
WBC, NLR, and CRP lacked specificity as mediators of inflammation for assessing gastrointestinal function. ESPB
did not reduce the hospital length of stay after operation in this study, the possible reasons for this may be that the
patients collected were from different supervising physicians, and the differences in the standard of postoperative
management and the combination of treatment modalities such as gastrointestinal medications and enema made an
impact on the length of hospitalization.

We do acknowledge the limitations of this study. This is a retrospective study, limited to the analysis of available case
data. Representative indicators of gastrointestinal inflammation and hormone levels were not obtained for analysis. As
only bilateral ESPB at the L3 and T12 levels are currently performed at our institution, the optimal level of block and the
concentration of the blocking drug need to be confirmed in prospective randomized controlled. Intra-operative intra-
abdominal pressure was not measured in this study to control for the effect of pressure on the abdomen caused by
different operators, which may have influenced the study results.

Conclusion

In conclusion, ultrasound-guided bilateral erector spinae block can reduce the incidence of gastrointestinal dysfunction
after traumatic lumbar fracture surgery, promote the recovery of gastrointestinal function, and reduce the use of opioids
while providing analgesic effects. The ESPB at T12 level was found to help recover postoperative gastrointestinal
function more than L3 level. However, further large-sample prospective studies are needed to confirm these findings.
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