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Abstract
Purpose  Spinal diseases requiring urgent surgical treatment are rare during pregnancy. Evidence is sparse and data are only 
available in the form of case reports. Our aim is to provide a comprehensive guide for spinal surgery on pregnant patients 
and highlight diagnostic and therapeutic aspects.
Methods  The study included a cohort of consecutive pregnant patients who underwent spinal surgery at five high-volume 
neurosurgical centers between 2010 and 2017. Perioperative and perinatal clinical data were derived from medical records.
Results  Twenty-four pregnant patients were included. Three underwent a preoperative cesarean section. Twenty-one patients 
underwent surgery during pregnancy. Median maternal age was 33 years, and median gestational age was 13 completed 
weeks. Indications were: lumbar disk prolapse (n = 14; including cauda equina, severe motor deficits or acute pain), unstable 
spine injuries (n = 4); intramedullary tumor with paraparesis (n = 1), infection (n = 1) and Schwann cell nerve root tumor 
presenting with high-grade paresis (n = 1). Two patients suffered transient gestational diabetes and 1 patient presented with 
vaginal bleeding without any signs of fetal complications. No miscarriages, stillbirths, or severe obstetric complications 
occurred until delivery. All patients improved neurologically after the surgery.
Conclusion  Spinal surgical procedures during pregnancy seem to be safe. The indication for surgery has to be very strict and 
surgical procedures during pregnancy should be reserved for emergency cases. For pregnant patients, the surgical strategy 
should be individually tailored to the mother and the fetus.
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Introduction

Back pain is a common symptom of pregnancy and occurs 
in up to 56% of pregnant women [1]. Previous studies corre-
lated lower lumbar spine pain and pelvic pain with increased 
levels of relaxin, a hormone produced primarily by the cor-
pus luteum during pregnancy [2]. However, biomechanical 
changes, weight gain and sagittal imbalance are also possible 
etiologies.

Surgery-requiring nerve root compression syndromes 
caused by herniated disks during pregnancy are less com-
mon and affect approximately 1 in 10,000 pregnant women 
[3]. Other spinal diseases, such as tumors, bony injuries 

and infections, are much more rarely encountered during 
pregnancy. Several diagnostic and therapeutic aspects are to 
consider, especially when a surgical approach during preg-
nancy is required: which drugs and diagnostic tests are safe 
to use, the indication for surgery, the optimum timing and 
technique for the procedure, appropriate anesthesia, periop-
erative pregnancy monitoring and when to follow-up.

Only sparse evidence exists in the literature on these 
issues and they are mainly available in the form of case 
reports and small case series [4, 5]. So far, no standard pro-
tocol for such clinical situations has been established. In 
contrast, the topic is becoming more relevant as the preva-
lence of acute spinal symptoms during pregnancy increases 
due to the increasing age of pregnant women.
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Methods

Patient population

A multicenter study including consecutive pregnant patients 
who underwent spinal surgery at five high-volume neurosur-
gical centers between 2010 and 2017 was performed (Ger-
many: 3, Austria: 1, Switzerland: 1). Preoperative, operative 
and postoperative clinical data were retrieved retrospectively 
from medical records. Patients were scheduled for the follow-
up examination to evaluate the peri- and postpartum outcome 
using a standardized questionnaire including data on the 
course of pregnancy and the neurological outcome.

The following parameters were captured for further evalu-
ation: maternal age and gestational age at the time of the sur-
gery, neurological symptoms before surgery and at discharge, 
perioperative surgery-related complications, pregnancy history 
based on gynecological monitoring (clinical findings, cardioto-
cography [CTG] curves), gynecological complications in the 
perioperative period, operative diagnosis, preoperative, intra-
operative and postoperative imaging. Surgical data included: 
positioning of the patient, surgical approach, duration of the 
surgery, intraoperative complications and special features of 
the anesthetic approach (type of anesthesia, duration, compli-
cations, peri- and postoperative monitoring).

In a separate follow-up examination, the following criteria 
were recorded: pregnancy outcome, perinatal parameters, as 
documented in the maternity record [6] and clinical symptoms 
according to the routine neurological examination (examina-
tion of sensorimotor function, survey of the current pain situ-
ation via VAS, reflexes, vegetative symptoms, etc.).

The results were compared with the preoperative data 
and dichotomized into “worsened,” “improved, incomplete 
convalescence,” “improved, complete convalescence,” and 
“unchanged.”

Statistical analysis

Statistical analysis was performed with the Excel Statistics 
package Version 16.19 (©Microsoft 2018) and SPSS (IBM, 
Version 26). We used Fisher’s exact test for binomial dichoto-
mized data and the chi-square test for categorical data. Median 
or mean values were compared using a Student’s t test. The 
association between potential factors and perinatal complica-
tions were analyzed using ANOVA for variance testing and 
linear regression modeling. P values less than 0.05 were con-
sidered statistically significant.

Ethics

The study was performed in accordance with the Declaration 
of Helsinki. Approval for the study was obtained from the 

ethics committees of the Technical University of Munich 
(Votum Number 83/17 S) and University of Innsbruck 
(Votum Number 1239/2017).

Results

Patient population

Overall, 24 pregnant patients were assigned to spinal sur-
gery, all of them with urgent indications. Three of them 
underwent a preoperative cesarean section in the 33rd and 
one in the 31st week of gestation and were excluded from 
further analysis.

The remaining 21 patients underwent surgery during 
pregnancy. Three patients were operated upon twice or 
more during the same pregnancy (1 patient had incomplete 
tumor resection after the first treatment for ependymoma, 1 
patient had to undergo abscess surgery twice and 1 patient 
completed a dorsoventral approach). The median maternal 
age was 33 years (range 22–41 years), median gestational 
age was 13 completed weeks (range 7–34 weeks). The indi-
cations were lumbar herniated intervertebral disks (n = 14) 
presenting with cauda equina syndrome in 4 cases, high-
grade motor deficit in 7 cases and acute pain in 3 cases; 
traumatic spine injuries (n = 4); intramedullary tumor with 
paraparesis (ependymoma, n = 1); paraspinal infection 
(n = 1); and Schwann cell nerve root tumor presenting with 
higher-graded paresis (n = 1; Table 1).

Perioperative and surgical management

Perioperative pregnancy monitoring was performed with an 
ultrasound or ultrasound plus CTG after the 24th week of 
gestation in the majority of cases. All surgeries were per-
formed under general anesthesia (balanced anesthesia n = 12, 

Table 1   Demographics and indication for surgical treatment. Most 
patients presented with lumbar disk herniation causing severe motor 
deficits (33.3%), cauda equina (19%) or traumatic spine injury (19%)

Median maternal age (range) 33 years (22–41)
Median Gestational Age (range) 13 weeks (7–34)
Indication % (n)
Lumbar Disk Herniation 66.7 (14)
 Cauda equina 19 (4)
 Motor deficit 33.3 (7)
 Acute pain 14.3 (3)

Trauma 19 (4)
Tumor 9.5 (2)
Schwannoma 4.8 (1)
Ependymoma 4.8 (1)
Infection 4.8 (1)
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57.1%, total intravenous anesthesia n = 9, 42.9%). Median 
duration of surgery was 90 min (range 41–240 min). Fifteen 
patients were placed in a prone position (71.4%) and 6 in a 
right or left lateral decubitus position depending on the ges-
tational age and the type of surgery (28.6%). Perioperative 
aspects are listed in Table 2.

Preoperative imaging diagnostics included MRI in 19 
(90.5%) cases, CT in 2 cases (9.5%) and x-ray in 3 cases 
(14.3%). In 9 cases, no intraoperative fluoroscopy was 
applied (42.9%). In 12 cases (57.1%), fluoroscopic verifica-
tion of spine level or guidance of instrumentation placement 
was performed with a median fluoroscopic time of 6 s (range 
1–24 s). Among surgery-related complications, only one 
deep wound infection was observed. Performance of fluor-
oscopy did not increase the risk of peripartal complications.

Two patients decided on medical abortion due to radiation 
exposure before the early pregnancy was diagnosed (9.5%). 
Among the other 19 patients, 2 suffered transient gestational 
diabetes (9.5%) and 1 patient presented with vaginal bleed-
ing without any signs of fetal complications during the early 
postoperative in-hospital stay.

Follow‑up and peripartal complications

Neurosurgical follow-up data were available for 18 of 21 
patients (85.7%), with a median follow-up duration of 
330 days (11 months, range 40 days to 6 years). According 
to these data, no miscarriages, stillbirths, or other severe 
obstetric complications occurred during the further course 
of pregnancy. All patients improved neurologically after the 
surgery (partially vs. fully), either at discharge or during the 
latter follow-up.

The median gestational age at delivery was 38 + 0 weeks 
(range 34 + 0 to 41 + 5 weeks). The median birth weight 
was 3030 g (range 2370–4180 g). No neonates were found 
to be too small for gestational age. The percentile ranged 
between 31st and 96th for birth weight, between 36 and 88th 
for length and between 41st and 90th for head circumfer-
ence. Peripartal complications were observed in 2 patients 
(9.5%): 1 patient suffered from a urinary tract infection and 
1 patient from a retrochorial hematoma with premature pla-
cental separation. We did not observe any cases of perinatal 

mortality or any congenital malformations after fluoroscopic 
exposure, nor any significant influencing factors increasing 
the risk for peripartal complications.

Selected cases

Case 1
A 34 year-old women presented with acute cauda equina 

syndrome (loss of bladder and sphincter control, pain radiat-
ing to the S1 dermatome, genital hypoesthesia). The patient 
was pregnant (10 weeks of gestation). The MRI without con-
trast enhancing revealed a disk prolapse at the L5/S1 level 
(Fig. 1). The patient was scheduled for emergency surgery 
on the same day. The surgical treatment included a seques-
trectomy via L5/S1 fenestration on the left side in prone 
position, duration of surgery was 88 min and anesthesia was 
balanced. No perioperative complications occurred and the 
patient gave birth to a healthy girl at 41 weeks (birth weight 
4180 g). At 6 years’ follow-up, she remained free of symp-
toms and without neurological deficits.

Case 2
A 34 year-old pregnant patient (gestational age 19 weeks) 

presented in the outpatient emergency department with pro-
gressive genital hypoesthesia and incomplete paraplegia of 
the lower extremities. An MRI revealed an intramedullary 
tumor at Th10/11 (Fig. 2), which was biopsied through a 
hemilaminectomy at Th10-Th11 (surgery duration 198 min, 
TIVA anesthesia) in prone position. Histopathology detected 
a WHO grade II ependymoma; therefore, the indication for 
a tumor resection was taken. The patient underwent an une-
ventful gross total resection 1 week later (surgery duration 
165 min, TIVA anesthesia, intraoperative neuromonitoring 
with motor evoked potentials). No perioperative complica-
tions occurred and the patient gave birth at 33 weeks (birth 
weight 2990 g). The incomplete paraplegia improved at 
follow-up after 5 years to a minor paresis of the left leg.

Case 3
A 39-year old patient presented at 33 weeks of gestation 

in the outpatient department with paresis of her left foot 
extension graded MRC 3/5 for 24 h and pain radiating to 
the left L5 dermatome due to a disk prolapse at L4/5 on the 
left side (Fig. 3). In two different hospitals, she was recom-
mended for a surgical intervention after delivery. Due to the 
paresis of the left foot, the patient was advised to undergo 
urgent surgical therapy during pregnancy. She underwent a 
fenestration at L4/L5 on the left side with sequestrectomy 
(surgery duration 58 min, left lateral decubitus position, 
balanced anesthesia, intraoperative x-ray scan for verifica-
tion of spine level). Postoperative CTG control was normal. 
Three weeks later, she delivered a healthy baby (birth weight 
3030 g) without complications. After 14 months’ follow-up, 
no residual neurological deficits were present.

Table 2   Surgical parameters and anesthesia (TIVA: total intravenous 
anesthesia), most patients were placed in a prone position (71.4%)

Anesthesia % (n)
 Balanced 57.1 (12)
 TIVA 42.9 (9)

Median duration of surgery (range) 90 min (41–240)
 Position
 Prone 71.4 (15)
 Decubitus position 28.6 (6)
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Fig. 1   MR imaging of the 
lumbar spine with sagittal (left) 
and axial (right) sequencing 
showing a disk prolapse at the 
level L5/S1 on the left side

Fig. 2   MR imaging of the tho-
racic spine with sagittal (left) 
and axial (right) sequencing and 
contrast enhancement revealing 
an intramedullary tumor at the 
level Th10/Th11

Fig. 3   MR imaging of the lum-
bar spine with sagittal (left) and 
axial (right) sequencing show-
ing a disk prolapse at the level 
L4/L5 in a pregnant woman 
with left foot extension paresis
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Discussion and recommendations

Surgical indication and perioperative risk 
assessment

The incidence of non-obstetric surgical interventions in 
pregnant women is 1–2% [7]. According to the recom-
mendation of the American Society of Obstetricians and 
Gynecologists’ Committee (ACOG), a surgical indication 
should not generally be denied due to an existing preg-
nancy, regardless of the trimester, although elective and 
less urgent interventions should be postponed if possible 
[8]. In case of acute spinal compression symptoms, such as 
cauda equina or conus syndrome, higher-graded radicular 
paresis and existing or threatening paraplegia, prolonged 
waiting until delivery or until the time of a possible cesar-
ean section may lead to the development of persistent neu-
rological deficits with significant disability [2].

In two large series of pregnant women undergoing 
non-obstetric surgery, the most common diseases were 
appendicitis and cholecystitis [9, 10]. However, both 
series do not describe interventions at the spinal level. A 
larger series of 5405 non-obstetric surgical procedures in 
pregnant women showed no increase in the incidence of 
congenital malformations or stillbirths compared to the 
incidence in women who did not undergo surgery dur-
ing pregnancy [10]. However, the incidence of very low 
birth weight infants and the number of infants who were 
born alive but died within 7 days of birth increased. A 
specific anesthetic or surgical procedure was not associ-
ated with an increased incidence of unfavorable perinatal 
outcomes. Because the vast majority of interventions in 
the series were due to the acute abdomen, the results can-
not be applied to the overall treatment of the spine. In our 
series, no peripartum abnormalities were noted during the 
further course. This is in accordance with only two exist-
ing previously published smaller series of three and ten 
pregnant patients, respectively [4, 5]. However, due to the 
small number of cases, these data are purely indicative and 
do not give any reliable indication of the actual impact of 
the indicated operations.

Imaging procedures

General principles

One of the most important challenges in diagnosing preg-
nant women is the use of imaging techniques, as the poten-
tial harmful effects of most methods on the fetus cannot 
be ruled out. Delay in diagnosis or inadequate diagnostic 
work-up can potentially cause more harm to both the fetus 

and the mother than the potential side effects of imaging 
techniques. Diagnostic tools should always be considered 
taking into account their utility, radiation exposure, use of 
the contrast agent, need for proper diagnosis and treatment 
of the patient.

Ionizing radiation can cause physical and chemical pro-
cesses that can lead to cellular death, carcinogenesis, or 
chromosomal aberrations and genetic mutations [11]. The 
exposure during the first 2 weeks of pregnancy can usually 
not be controlled, as the pregnancy at this time can usually 
not be determined with certainty. During organogenesis, 
which occurs between 2 and 15 weeks, maternal exposure 
should be minimized, as the fetus suffers most from tera-
togen effects during this vulnerable period. In the further 
course, the potential effect of the radiation exposure and the 
estimated threshold dose of radiation depend on the gesta-
tional age: The threshold of the exposure dose at which an 
“all (death of the embryo)-or-nothing” effect would occur is 
50 to 100 mGy in the first 0–2 weeks of pregnancy; congeni-
tal multisystem abnormalities and growth restriction may 
result from 200–250 mGy exposure at 3–8 weeks gestation; 
severe mental retardation, IQ deficit and microcephaly may 
occur at 60–300 mGy exposure at 8–15 weeks; and sec-
ondary mental retardation may be caused by 250–280 mGy 
exposure at 16–25 weeks gestation [11, 12]. It should also be 
borne in mind that hardly any examinations with a radiation 
exposure of more than 100 mGy are used in the radiologi-
cal routine.

MRI during pregnancy

MRI is the gold standard in the diagnosis of most spinal 
disorders, especially when it comes to assessing intraspinal 
space-occupying pathologies and it has been used to assess 
peripartum disease for over 20 years [13]. There is no clear 
evidence of fetal damage in MR examinations with 1.5 T and 
3.0 T devices, according to numerous clinical and preclinical 
examinations [14]. MRI can and should be used in pregnant 
patients regardless of their gestational age (US College of 
Radiology 2007 white paper on MRI safety) [15]. However, 
some authors continue to express concern about the safety 
of MRI during pregnancy, which is mainly related to the 
heating effects of radiofrequency pulses and the effects of 
noise exposure on the fetus [16]. Recent studies have shown 
that a native MRI during the first trimester poses no risk of 
stillbirth, neonatal death, congenital anomalies and hearing 
or visual impairment in children.

Absolutely contraindicated is the application of the MR 
contrast agent gadolinium, as it passes through the placental 
barrier to fetal kidneys and accumulates in the amniotic fluid 
for a prolonged period, during which toxic gadolinium ions 
are released from the chelated molecule [17]. A recently 
published large study found an association between the 
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use of gadolinium and an increased risk of rheumatologic, 
inflammatory or infiltrating skin diseases in infants; still-
birth; and neonatal deaths [18].

Intraoperative fluoroscopy

Intraoperative imaging is highly warranted in the majority of 
spinal surgeries to determine the correct height and to place 
implants securely in the case of instrument procedures. In 
the case of surgery on pregnant women, there is uncertainty 
as to how often and to what extent intraoperative fluoros-
copy is possible. Radiation exposure during spinal interven-
tions is highly dependent on the procedure itself as well as 
the fluoroscopic device. The dose for a fluoroscopic height 
determination in the lateral or antero-posterior beam path 
averages 0.9 to 1 mGy [19], which is far below the estimated 
threshold of potentially teratogen effects. However, if pos-
sible, fluoroscopy should still be avoided (e.g., estimation of 
the lumbar level per palpation or screw placement according 
to anatomical landmarks), or at least reduced to rare short 
expositions due to unknown late sequel of perinatal expo-
sure. Optionally, a dosimeter can be placed near the situs to 
record the correct amount of exposure during the surgery. 
In cases when extensive fluoroscopy is unavoidable, such as 
polytrauma patients in our series, the indication for induced 
abortion should be discussed with the attending obstetricians 
and the patient.

Surgery, positioning and intraoperative fetal 
monitoring

Intraoperative positioning should be selected according to 
the gestational age and location and extent of the lesion. We 
recommend the prone position in the first and early second 
trimester, because there is only minimal aortocaval compres-
sion by the gravid uterus [20]. After 12 weeks of gestation, 
we recommend the left lateral position to avoid aortocaval 
compression [21]. In restricted viewing conditions, tilting 
the operating table may be helpful.

Fetal heartbeat monitoring during surgery is not used 
until the 20th week of gestation and CTG monitoring 
between the 20th and 23rd week is controversial. From the 
24th week of pregnancy, fetal heart monitoring can reliably 
assess abnormal heart rate patterns that could indicate fur-
ther fetal pathologies. However, it is unclear whether the 
CTG should be performed during the entire procedure on 
the spinal column or whether close monitoring immediately 
before and after the operation would be sufficient, as was 
done in our series. The pre- and postoperative ultrasound 
should be performed in every case. According to the rec-
ommendation from the ACOG, the decision as to whether 
CTG monitoring is used intraoperatively should be made 
individually and adapted to the gestational age, the type of 

surgery and the equipment and personal equipment and the 
possibility to act in cases of pathology [8].

Analgesics and antibiotics management

Ampicillin and cephalosporin, which are listed in FDA cat-
egory B, have no known teratogen effects [22]. Acetami-
nophen and some opiates are suitable medications for pain 
relief during pregnancy, although recent reports of adverse 
fetal side effects after prolonged long-term maternal use 
have been reported [23–26]. Nonsteroidal anti-inflammatory 
drugs are listed under FDA category C or D and present a 
risk of congenital anomalies [27].

Anesthesia

Understanding physiological changes during the different 
terms of pregnancy is of paramount importance to provide 
safe anesthesia. An increase in cardiac output and oxygen 
consumption, as well as reduced functional reserve capac-
ity, put pregnant women particularly at risk for desaturation 
and hypoxia during induction of anesthesia. In advanced 
pregnancy (after 20 gestational weeks), the risk for regurgi-
tation and aspiration is elevated. During pregnancy, maternal 
alkalosis (with pH > 7.44) is a normal finding and mater-
nal paCO2 as low as 28 mmHg is physiological to facilitate 
transfer of maternal oxygen to the fetus.

Nearly all common drugs used in anesthesia can safely be 
used after the sensible period of organogenesis (15–65 ges-
tational days). Of course, there are no existing drug-safety 
studies during pregnancy; therefore women usually have to 
give informed consent for off-label use of anesthetics. Very 
useful for the safe administration of drugs during pregnancy 
and lactation period is a web-based platform embryotox.

Both general and regional anesthesia techniques have 
been successfully used in surgery on pregnant women. 
Regional anesthesia avoids the potential risk of failure to 
intubate and aspirate, in addition to reducing the exposure 
of fetuses to potential teratogens, but previous studies failed 
to show a clear superiority of a particular technique over the 
fetal outcome. In anesthesia and surgery, fetal well-being is 
ensured primarily by careful maintenance of stable maternal 
hemodynamic parameters and oxygenation.

The consequence of a flat general anesthesia can con-
sequently be a catecholamine increase with the resulting 
impairment of the uteroplacental perfusion, resulting in 
an increased risk for the fetus [28]. The maintenance of 
the mean arterial blood pressure at or above 70 mmHg is 
strongly recommended [29].

Positive pressure (PEEP) ventilation should be used 
with caution and the end-tidal carbon dioxide concentration 
(PaCO2) should be kept within the range normally observed 
during pregnancy. There is a linear relationship between 
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maternal and fetal PaCO2. Maternal hypercapnia restricts 
the gradient of CO2 diffusion from fetal to maternal blood 
and thus may lead to the development of fetal acidosis with 
the risk of intrauterine death. We recommend a regular arte-
rial blood gas analysis, especially for longer interventions. 
Also of concern would be the use of positive end-expiratory 
pressure ventilation due to the potential impairment of pla-
cental perfusion.

One of the main questions concerns the effect of the 
selected anesthetic and the medication accompanying the 
anesthetic. Numerous studies have come to the conclusion 
that virtually every drug used can have teratogen proper-
ties at a certain dose and at a certain point of pregnancy 
[30]. Studies of transplacental drug delivery in humans are 
difficult for ethical reasons and the applicability of animal 
studies as models is limited because the anatomy and func-
tion of the placenta are species-specific. For this reason, 
today, there is no clear anesthetic of choice [30, 31]. On the 
other hand, no anesthetic drug has been shown to be clearly 
teratogen in humans [8].

Conclusion

The issue of operating on pregnant women for spinal pathol-
ogies is rarely encountered in neurosurgical clinical practice. 
This may explain the lack of clear recommendations in terms 
of perioperative management. Nevertheless, spinal surgery 
on pregnant women seems to be safe for the mother and the 
fetus if a few modifications of the surgical and anesthetic 
techniques are applied. In our study, we did not encounter 
any perinatal mortality or any congenital malformations 
after surgical treatment during pregnancy. To summarize the 
current knowledge and evidence, the primary considerations 
should therefore be as follows [7] (Table 3):

•	 Perform native MRI without contrast enhancement for 
diagnostics

•	 Reduce fluoroscopic control during surgery if possible
•	 Maintain sufficient uteroplacental perfusion (prevent 

hypotension, mean arterial blood pressure at or above 
70 mmHg)

•	 Avoid aortocaval compression through adequate position-
ing (prone for first, lateral for second and third trimester)

•	 Select drugs with sufficient safety data (although no anes-
thetic has been identified as teratogen)

•	 If possible, use regional anesthesia (rare in spinal disorders)
•	 Use CTG/ultrasound device monitoring for perioperative 

monitoring (after 24 weeks of gestation).
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Table 3   Recommendation for treatment algorithm for spine surgery in pregnant women depending on their gestational age, MRI (magnetic reso-
nance imaging) feasible during all stages of pregnancy if necessary and MAP (mean arterial blood pressure) for uteroplacental perfusion

 < 12 weeks 12–24 weeks  > 24 weeks

Diagnostics MRI MRI MRI
Positioning Prone Left lateral Left lateral
Monitoring Ultrasound Ultrasound CTG ± Ultrasound
MAP Anesthesia  > 70 mmHg  > 70 mmHg  > 70 mmHg
Analgetics Paracetamol, ibuprofen, diclofenac Paracetamol, ibuprofen, diclofenac Paracetamol, opioids



816	 European Spine Journal (2021) 30:809–817

1 3

the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.
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