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Supplementary Material
Supplement 1: Maternal interventions
S 1.1 Anesthesia
At the gestational age of 28 days, rabbits were placed in a transparent induction chamber filled with 8% sevoflurane in 100% of oxygen. As soon as the doe was sedated, the animal was placed on the operating table and 8 Vol-% sevoflurane was continued using a face mask. A venous line was placed in the marginal ear vein and intravenous (IV) 6 mg/kg propofol (Propovet®, Zoetis, Oostkamp, Belgium) was given, followed by rigid bronchoscopic endotracheal intubation (11540AA, Karl Storz-Endoskope®, Tutlingen, Germany) with a 4 mm internal diameter tube (Sheridan®, Teleflex, Dublin, Ireland). 

For maintenance of anesthesia, rabbits were ventilated with one minimum alveolar concentration (MAC) sevoflurane (Sevorane®, AbbVie SA, Wavre, Belgium), which equals 3.7V% end-tidal[1-3] in 30% oxygen using a medical ventilator (FelixDual®, Air  Liquide Medical Systems, Clermont-Ferrand, France). The ventilation started with tidal volumes of 10 ml/kg and a respiratory rate of 40/minute and was further adjusted to maintain the awake arterial partial CO2 pressures.[4] In the sevoflurane group, an arterial blood gas sample was taken ten minutes after intubation and ten minutes before the end of the anesthesia.  In the surgery-group, arterial samples were taken ten minutes after intubation, 15 minutes after the start of the capnoperitoneum and immediately before the end of the insufflation. When the arterial CO2 partial pressure was not within the normal range, the ventilation was adjusted and after 10 minutes, an additional blood gas sample was taken. Blood gas samples were analyzed with a commercial blood gas analyzer (ABL800 Flex®, Radiometer Medical Aps, Brönshöj, Denmark). End-tidal CO2 measurements were used for continuous monitoring of the ventilation.

[bookmark: _Hlk43718072][bookmark: _Hlk43723612]After the intubation, IV 5 µg/kg fentanyl (Fentanyl®, Janssen-Cilag NV, Beerse, Belgium) were given, an arterial line was placed in the auricular artery and 10 mg/kg enrofloxacine (Baytril 2.5%®, Bayer, Diegem, Belgium) and 9 mg/kg medroxyprogesterone acetate (Depo-Provera®, Pfizer, Puurs, Belgium) were administered subcutaneously. Hartmann (Braun®, Melsungen, Germany) was given continuously IV at a rate of 10 ml/kg/hour. The does were monitored using pulse oximetry, electrocardiography and invasive arterial blood pressure monitoring with a medical monitor (M1097A A02, Philips®, Boeblingen, Germany). Inspiratory and expiratory O2, CO2 and sevoflurane concentrations, airway pressures and tidal volumes were measured by the ventilator.  The esophageal temperature was measured and maintained between 38-39.5°C using a heating pad (Thermo Control Professional Heating Mat®, Vianen, The Netherlands) and a heating lamp. The mean arterial pressure was maintained above 80% of the awake values using intermittent intravenous boluses of 1-4 µg/kg phenylephrine (Aguettant®, Brussels, France) titrated to effect, as recommended before.[4] The rabbit was placed in the left lateral position. Two hours after the intubation, the administration of sevoflurane was stopped and oxygen was increased to 100%. The rabbits were extubated when they were breathing spontaneously and making purposeful movements. They were returned to their cages to recover.

S 1.2 Surgery
[bookmark: _Hlk43723336][bookmark: _Hlk43723365]In the surgery-group, a laparoscopic appendectomy was performed during a two-hour period of general anesthesia. A 5 mm 0° endoscope and standard pediatric 3 mm laparoscopic instruments were used, including two atraumatic graspers, one needle holder, one pair of scissors, one dissector and (26011AA SN12006Z, 30114G1, 30160G3, 26870UFS, 26167FNS, 30310MWS, 30310ONS, Storz, Tutlingen, Germany). We performed an open laparoscopy inserting a 5 mm trocar 3 cm above the umbilicus on the midline inside the peritoneal cavity and insufflated cold and dry CO2 at a maximum pressure of 7 mmHg with a 2L/min flow. Two additional 3 mm trocars were inserted in the lower left and right hypochondrium. After identification of the appendix vermiformis, 7 cm were measured from the tip towards the base of the appendix. The mesoappendix was dissected from the tip towards this 7 cm point using monopolar coagulation and two Vicryl® 2-0 (Ethicon®, Diegem, Belgium) interrupted sutures were made. The appendix was cut in between the two sutures and was taken out of the abdomen through the incision of the 5 mm trocar. The 3 mm trocars were removed, the abdomen deflated and the fascia and skin sutured with Vicryl® 2-0 and Monocryl® 3-0 (Ethicon®, Diegem, Belgium) respectively. The surgical wounds were infiltrated with 2 mg/kg levobupivacaine (Chirocaine®, Abbvie, Wavre, Belgium) and covered by aluminium spray (Kela®, Hoogstraten, Belgium).

S 1.3 Maternal cytokine concentrations
A maternal arterial blood sample was taken ten minutes after intubation and ten minutes before the end of anesthesia. The samples were centrifugated, the serum was separated, snap freezed in liquid nitrogen and stored at -80°C. The concentrations of interleukin 6 and interleukin 10 were later measured using Enzyme-Linked Immuno Sorbent Assay kits (MBS9141588 and MBS9141590, MyBioSource®, San Diego, USA) according to the manual of the kits and using a microplate photometer (Multiscan FC 357®, Thermo Scientific, Shangai, China).

S 1.4 Cesarean section and fetal care
At term (31 days of gestation), the does were sedated with intramuscular 15 mg/kg ketamine (Nimatek®, Eurovet Animal Health BV, Bladel, The Netherlands) and 0.25 mg/kg medetomidine (Domitor®; Orion Pharma,  Aartselaar, Belgium). An arterial blood sample was taken to obtain a full blood count (Medvet laborotory®, Antwerp, Belgium) and the rectal temperature was measured. After local infiltration with 4 mg/kg lidocaine (Xylocaine®, Aspen, Dublin, Ireland) and a laparotomy, all pups were delivered. After delivery of the last pup, the doe was euthanized using IV 140 mg/kg pentobarbital (Euthasol®, Kela, Bladel, The Netherlands). The pups were kept in a warmed (32°C) and humidified (55%) incubator. Litters were separately housed in boxes (20 x 25 cm). Pups were fed with 0.15 mL/g of milk (FoxValley 30/50®, Melk voor dieren, Ridderkerk, The Netherlands), colostrum (Cat colostrum®, SanoBest, ‘s Hertogenbosch, The Netherlands) and Probiotics (Bio-Lapis®, Probiotics international, Lopen Head, Somerset, United Kingdom) 3 hours after birth. The pups were marked with a permanent marker. Three and 24 hours after birth, the pups were weighted after stimulation of the perineum to empty the bladder.

Supplement 2: Readouts of the pups
S 2.1 Neurobehavioral testing
First, the pups were placed in an arena of 25 x 25 cm for 90 seconds. During this time, posture, gait, locomotion, motor activity and duration of activity were evaluated. In our previous study, we had observed that the differences in the motoric component were largely due to the hopping pattern and the stability of gait.[5] To increase the sensitivity to detect subtle differences, the numbers of hops and the number of falling overs were counted as ordinal variables additionally (this has been added to the original scale). Second, the whisker touch response was tested by touching these hairs with a brush. Third, a drop of milk was presented and sucking, swallowing and head turning during feeding were observed. Fourth, the pups were 5 times placed supine and the number of times the pup turned itself to the natural prone position within 2 seconds was counted. Fifth, a gauze soaked in 70% ethanol was presented to evaluate odor aversion. Last, the pup was touched with a sharp needle to evaluate the pain response. All these actions were recorded by a camera and scored a posterior by two blinded observers. The total sensoric and motoric scores were calculated. The inter-rater reliability was assessed and two months later the two observers scored 25 randomly selected movies again to allow the assessment of the intra-rater reliability.

S 2.2 Harvesting
After the neurocognitive evaluation, the pups were sacrificed to obtain brain histology. The pups were anesthetized with 10 mg ketamine and 2 mg xylazine and then perfused transcardially with 40 ml of a mixture of 0.9% saline (Vetivex®, Dechra, Bladel, The Netherlands) and 100 IU/ml heparin (Leo®, Lier, Belgium), followed by 100 ml 4% formaldehyde in phosphate buffer (Klinipath®, Sowinskiego, Poland) at a rate of 20 ml/hour. The brains were removed and placed in 4% formaldehyde for 72 hours of additional immersion fixation. Thereafter, the brains were weighed and the volume was measured using the fluid displacement method. The brains were dehydrated (70% ethanol, 90% ethanol, 99% ethanol, toluol) and embedded in paraffin. Serial coronal cuttings of the brain were done.  Two sets of three consecutive slides (thickness 4 µm) with a distance of 100 µm between each slide were be obtained: one set for studying the frontal cortex, putamen and caudate nucleus and a second set for evaluating the hippocampus. 

S 2.3 Histological stainings
[bookmark: _Hlk35244900]For each set of slides, three consecutive slides were stained with the neuron specific marker Neuronal Nuclei (NeuN). One slide of each set was stained for Synaptophysin (synapses), Ki67 (proliferation) and Ionized calcium binding adaptor molecule 1 (Iba-1, inflammation). The primary antibodies were mouse monoclonal anti-NeuN (MAB377, Merck Millipore®, Massachusetts , USA), mouse monoclonal anti-synaptophysin (SY38, ab8049, Abcam®, Cambridge, United Kingdom), mouse monoclonal anti-Ki67 (MIB-1, M7240, Dako, Glostrup, Denmark), rabbit polyclonal anti-Iba1 (019-19741, Wako®, Neuss, Germany). The secondary antibodies were respectively goat anti-mouse Alexa Fluor 647 (ab150115, Abcam®, United Kingdom), donkey anti-mouse Alexa Fluor 594 (ab150108, Abcam®, Cambridge, United Kingdom), goat anti-mouse peroxidase (115-035-044, Jackson ImmunoResearch®, Cambridgeshire, United Kingdom) and swine anti-rabbit biotinylated (E0431, Dako®, Glostrup, Denmark). The slides were deparaffinized (toluol followed by ethanol), followed by a 90°C heat retrieval in citrate. 

The slides for the immunofluorescent stainings (NeuN, Synaptophysin) were blocked with normal goat serum (X0907, Dako®, Glostrup, Denmark). The tissue was incubated overnight at 4°C with the primary antibody. The secondary antibody was added and the sections were counterstained with Hoechst (33324, Thermo Scientific®, Schwerte, Germany) and mounted. The slides were scanned within 7 days. 

The sections for the brightfield stainings (Ki64, Iba-1) were blocked with normal protein block, followed by overnight incubation at 4°C with the primary antibody. After an additional protein block, the tissue was exposed to the secondary antibody and 3,3-diaminobenzidine was added. Nuclei were counterstained using Mayer’s Haematoxyline and the slides were mounted. 
The washing medium in between the different steps of the stainings was tris buffered saline. All slides were digitally scanned using the Zeiss AxioScan Z1 Slide scanner (Carl Zeiss, Munich, Germany).

S 2.4 Quantification of histology
Every histological outcome parameter was measured separately in the frontal cortex, caudate nucleus, putamen and hippocampus. The quantification was done using the QuPath software (version 0.1.2, Centre for Cancer Research & Cell Biology, Queen's University Belfast, Belfast, Northern Ireland, Open source).[6] The observer was well-trained and blinded to the group allocations. All methods have been used before and reliability has been demonstrated.[7-12, 5, 13] 

The total cell density was counted in whole brain regions using the automatic cell detection function of QuPath on the Hoechst channel of the NeuN stained slides. The neuron density was counted manually using the NeuN channel. On low magnification images, 5 random squares (100 x 100 µm) were selected in the internal pyramidal layer of the frontal cortex, caudate nucleus and putamen for cell counting. In the hippocampus, the neurons were counted in the lateral 500 µm of the dentate gyrus. Cell densities and neuron densities were expressed as number of cells per mm², with the exception of the dentate gyrus, where it was expressed as number of cells per mm. Both the total cell density and neuron density were counted on three consecutive slides and the average of the three slides was used.

Ki67 positive cells were counted in whole brain regions using the positive cell detection function of QuPath. Iba-1 positive cells were counted manually in 5 randomly selected squares (250 x 250 µm) in caudate nucleus, putamen and hippocampus. In the frontal cortex, the Iba-1 positive cells were counted in a rectangle with the width of 400 µm and the height of the thickness of the frontal cortex. The mean gray value of the synaptophysin levels was measured using ImageJ (version 1.51g, Fiji, USA).[14]

For all histological outcome parameters, the area of the brain regions were corrected for shrinking artifacts during dehydration[15-17] using the square of the linear shrinkage factor[18], which was calculated by dividing the third root of the volume[19-21] (expressed as µm³) of the brain before dehydration by the square root of the total brain area[18] (expressed as µm²). The average of the total brain area measured on 6 consecutive slides was used. This method is the analogy of the what is used in stereology.[22-24] 

Supplement 3: Statistical analysis
To correct for the fact that the pups of one litter are not independent observations, a linear mixed-effects model was used for the data analysis of the neurobehavioral outcome, biometrics and histological parameters.[25-29] The model consists of a random intercept (one intercept for each doe) and a fixed slope for the covariate of the intervention group. This model does not only provide p-values for the slope, but also the intraclass correlation (ICC).  An ICC of 0 indicates that pups within litters are not more similar to each other than pups from different litters (there is no between-cluster variability), while an ICC of 1 indicates that pups within the same litter all have identical outcomes (there is no within-cluster variability). The ICC can be found in supplemental table 3.

Parameters measured on the level of the does (mortality in the litters, anesthesia parameters, blood gas results, full blood count, cytokine concentrations) were analyzed using the Mann-Whitney U test. Mortality of the pups was analyzed using the Chi² test. The inter and intra-rater reliability of the neurobehavioral evaluation was assessed using spearman correlation. Correlation coefficients of 0.01-0.25 were classified as little to no correlation, 0.26-0.49 as moderate, 0.5-0.74 as good and above 0.75 as a strong correlation.[30, 31] 

[bookmark: _Hlk34898988]It was expected to observe a comparable difference for the primary outcome as was observed in our previous study[5]. The brains of five pups of each doe were used for histological analysis. The result of a sample size calculation using a two-sided unpaired t-test, with an alpha of 0.05 and a power of 0.9 was corrected with the variance inflation factor (= 1 + ICC x (average cluster size – 1)). This calculation results in 6 does for each group. It was expected that the fetal mortality would be + 50% in the surgery-group, therefore two times the number of does were randomized to the surgery-group.
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Supplemental tables
[bookmark: _Hlk52879352]Supplemental Table 1: Placental transfer and effects on the fetus
	Drug
	Placental transfer and/or effects on the fetus

	Propofol
	[bookmark: _Hlk51860498][bookmark: _Hlk40696456]Umbilical venous/maternal arterial ratio in humans: 0.63.[32] In pregnant mice, even a single injection can already result in a profound decrease in differentiation, migration and proliferation of neurons in the fetal brain.[33]

	Fentanyl
	[bookmark: _Hlk51860635]There is rapid transfer of fentanyl to the fetus. After a single bolus, the decrease of the fentanyl concentration is slower in the fetus than in the mother.[34]

	Sevoflurane
	[bookmark: _Hlk51860666]Umbilical venous/maternal arterial ratio in humans: 0.38.[35] Several studies in mice and rats demonstrated that sevoflurane can impair neurodevelopmental outcome of the fetus and result in neuronal injury.[36-38]

	Enrofloxacin
	Enrofloxacin readily crosses the rabbit placenta.[39]

	Medroxyprogesterone acetate
	In humans, it has been demonstrated that medroxyprogesterone acetate is safe during pregnancy.[40, 41]

	Levobupivacaine
	This local anesthetic was not administered systemically, but only locally at the surgical incision sites. 


Information of the placental transfer and/or the effects on the fetus is displayed for every drug that is used in this study. For the effects of the combination of all these drugs on the fetus, we refer to our previous study.[5]



Supplemental Table 2: Maternal full blood count and rectal temperature before cesarean section
	 
	Sevoflurane
	Surgery
	p-value

	Hemoglobin (g/dL)
	9.6
	+
	0.9
	9.3
	+
	0.9
	0.4542

	Leukocytes (/µL)
	8010
	+
	1786
	7288
	+
	2705
	0.4555

	Heterophils (Neutrophils) (/µL)
	3938
	+
	1311
	3664
	+
	2119
	0.5940

	Lymphocytes (/µL)
	3534
	+
	795
	3093
	+
	137
	0.5940

	Thrombocytes (/µL)
	693500
	+
	166152
	763500
	+
	138992
	0.7491

	Rectal temperature (°C)
	38.9
	+
	0.7
	38.9
	+
	0.3
	0.7116

	Maternal full blood count and rectal temperature three days after surgery (gestational day 31). Values are displayed as mean ± standard deviation





Supplemental Table 3: Intraclass correlation
	Biometrics

	Pup weight
	Brain weight
	Brain volume
	Brain/body weight

	0.6680
	0.6546
	0.7068
	0.5919

	

	Neurobehavioral assessment

	Motoric scores
	Sensoric scores
	Number of hops
	Number of falling overs

	0.2973
	0.1489
	0.3431
	0.2185

	

	Histology

	
	Cell density
	Neuron density
	Proliferation
	Inflammation
	Synapses

	Frontal cortex
	0.5852
	0.3560
	0.2686
	0.3801
	0.4741

	Caudate nucleus
	0.6622
	0.2391
	0.6558
	0.2842
	0.3507

	Putamen
	0.6474
	0.3137
	0.2887
	0.3547
	0.4670

	Hippocampus
	
	0.5442
	0.5122
	0.5108
	0.3234


The intraclass correlation of different outcome parameters, provided by the mixed-effects model analysis.


Supplemental Table 4: Survival and mortality of the pups
Number of litters with alive pups at the moment of cesarean section:
	
	Sevoflurane
	Surgery
	p-value

	Number (%)
	6/6 (100%)
	7/13 (54%)
	0.0442



Mortality of surviving litters at the moment of cesarean section:
	
	Sevoflurane
	Surgery
	p-value

	Total number of pups
	n = 54
	n = 76
	

	Alive at the moment of harvesting
	n = 37
69%
	n = 38
50%
	0.0352

	In utero mortality
	n = 9
17%
	n = 29
38%
	0.0079

	Macerated stillbirths
	n = 6
11%
	n = 28
37%
	0.0010

	Fresh stillbirths
	n = 3
6%
	n = 1
1%
	0.1678

	Postnatal mortality
	n = 8
14%
	n = 9
12%
	0.6203


At the moment of cesarean section, in the surgery-group, 46% of the does had litters of which all fetuses had died in utero. In the sevoflurane-group, all does had surviving pups. The survival and types of mortality for the subgroup of does with surviving pups is shown in the bottom table (the neurological outcome of the surviving pups of these does was assessed). Percentages refer to the number of deaths divided by the total number of pups in the subgroup of does with surviving pups.



Figure legends
Supplemental Fig. 1: Maternal cytokine concentrations
Concentrations of the cytokines IL6 (pro-inflammatory) and IL10 (anti-inflammatory) measured perioperatively in maternal serum at gestational day 28. Data are presented for every doe as individual data points: 10 minutes after intubation and 10 minutes before the end of anesthesia.

[bookmark: _Hlk34754849]Supplemental Fig. 2: Inter-rater reliability of neurobehavior
The inter-rater reliability between two blinded observers for the neurobehavioral assessment of the pups one day after birth.

Supplemental Fig. 3: Intra-rater reliability of neurobehavior
The neurobehavior of 25 randomly selected pups was evaluated two times with an interval of two months to assess the intra-rater reliability.

Supplemental Fig. 4: Total cell density
Total cell densities in the brains, counted on Hoechst stained slides in whole brain regions. Data are showed as individual data points, bars represent mean and standard deviation.

Supplemental Fig. 5: Inflammation
Inflammation in the brains, measured as the density of microglial cells, which were identified using the Iba-1 staining. Data are showed as individual data points, bars represent mean and standard deviation.


